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Chit lwong méi truong nwée va twong quan giira chi sé 6 nhiém
hitu co' Palmer ciia thwe vat noi (Phytoplankton) véi thong so
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Tém tit: Nghién ciru ndy di tién hanh quan tric va thu miu nude va mau thuc vat ndi tai
12 vi tri khéac nhau trén toan by luu vuc cua song Héng, doan chay trén dia phan Viét
Nam. Thoi gian khao sat dugc thuc hién vao 2 dot: dot 1 tir 15-21/7/2020 va dot 2 tir 11-
16/12/2020 doc theo luu vuc cua song. Két qua nghien ctru cho thay, cac thong s thay 1y
héa cua nudc bao gom pH, BODs déu nam trong gidi han cho phép cia QCVN 08:2023
BTNMT mirc A, chi s6 DO ¢ miia mua ndm ¢ mirc B nhung trong mua kh6 DO tai hau
hét cac diém khao sat déu & mirc C cia QCVN 08: 2023/BTNMT. Chi s6 6 nhiém hitu co
Palmer ciia thyc vét ndi thay ddi theo mua: vao mua mua dao dong tir 4 dén 28, mua khd
dao dong tir 0 dén 13. Vao mua mua, chi so Palmer ting dan tir 4 dén 8 ¢ ving thuong
lwu, 10 dén 13 & ving trung luu va 16 dén 28 & ving ha luu. Vao mua khé, mic 6 nhiém
hiru co trung binh xay ra ¢ diém SH4, SH10 véi chi s6 Palmer 1a 10 va SH7 véi chi s6
Palmer 1a 13, c4c diém con lai khong bi 6 nhi€m hitu co do chi s6 Palmer dao dong tir 0
dén 9. Chi s6 6 nhiém hiru co Palmer c6 twong quan c6 ¥ nghia théng ké & mic trung binh
v6i cac thong s6 thuy 1y hoa dugc khao sat bao gé)m: pH, nhiét dg, DO nhung khong
tuong quan v&i cac chi sd, 46 mudi, do din dién, PO4>, NO3™; trong d6, chi sb Palmer
twong quan thuan voi nhiét do, nhung twong quan nghich véi pH va DO. Két qua nghién
ctru ndy 1a co s¢ dir liéu ban dau trong viéc danh gia chat lugng méi truong nude thong
qua chi s6 sinh hoc Palmer cua thuc vat ndi tai khu vuc song Héng.

Tir khéa: Chét luong nuée; Song Hong; Chi sé Palmer.

1. Giéi thi¢u

Dénh gia chat lugng nude 1a danh gia dinh tinh hodc dinh luong cac yéu tb c6 trong
moi truong nudc, trén co s¢ do so sanh cac yéu t6 ctia moi truong nudce véi tidu chuan hoic
quy chuén, tiéu chi vé chit luong nudc. Panh gia chat luong nudce 1a co sé cho viéc quy
hoach va quan ly tai nguyén nudc [1]. Danh gia chat lugng nude théng qua cac chi s6 thuy
1y hoa da duoc thuc hién tai rat nhiéu nudc trén thé gidi tir rat som, tir thé ki 19, bao gdm
Trung Qubc, An Do, cac nudc chau Au, chau Mi, “tuy nhién viéc danh gia chat luong nudce
mit dua trén cac chi sd sinh hoc vé 6 nhiém da bat dau ¢ chau Au vao nhiing nam dau thé
ki XX khi dan s6 ting nhanh va sy phat trién cong nghiép bat ddu anh hudng nghiém trong
dén hé sinh thai & nuée [2]. Viéc danh gia chét luong nude dya trén chi s6 6 nhiém huu co
Tap chi Khi twong Thity van 2024, 762, 1-11; doi:10.36335/VNJHM.2024(762).1-11 http://tapchikttv.vn/
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Palmer da dugc thuc hién tir nhitng nam 1996 [3], cho dén hién tai chi s6 6 nhiém hitu co
Palmer ciing dugc nhiéu nha khoa hoc sir dung dé danh gia chit luong nude cac song hd &
nhiéu nudc khac nhau trén thé giéi, nhu nghién ciru [4] tai hd Buhok, nghién ciru [5, 6] tai
hd ving dong bic Nga va Prebaltic, nghién ctru [7] tai song Bengkulu va Nelas va céc
nghién ctru khac [8-10].

Tai Vi¢t Nam, céc cong bd lién quan dén chi sd Palmer cling duogc biét dén nhu cac
nghién ctru tai song Nhu Y, Thira Thién Hué [11], séng Lam [12],... Tuy nhién, cac cong
b lién quan dén chi sé Palmer va viéc str dung chi s6 Palmer dé danh gia chét luong nudc
cling chua c6 nhiéu va cac cong b lién quan dén st dung chi s6 Palmer dé danh gia chat
lwong nude cua séng Hong thi chua duge tim thay. D01 voi song Hong, viéc danh gia chat
luong mdi truong nude da duge thyc hién tai mot s6 doan song va két qua nghién ctru da
cho thiy chit luong nudc tai mot sé doan song nay di bi 6 nhiém boi mot s6 yéu td nhu
NO, coliform va Fe [13, 14]. Do do, nghién ctru nay, ngoai vi¢c dénh gia chit luong moi
truong nudc cua song Hong thong qua cac thong s6 thuy Iy hoa, nghién ciru cling cung cap
thém co so dir liéu ban dau \ chat luong moi truong nude thdng qua viée danh gia chi s6
htru co Palmer cua thyc vét ndi va dong thoi ciing xét sy twong quan chi sé 6 nhiém hitu co
Palmer v6i cac thong s6 thity 1y hoa xem giira ching c6 su twong quan voi nhau hay khong.
Vi tim quan trong ctia song Hong trong phat trién kinh té xa hoi cua mién Bic thi viéc
nghién ctru danh gia chat luong luong song Hong thong qua chi so nhiém hiru co Palmer
cta thuc vat ndi cling s¢ dong gop mot phan nho vao vai tro cung cap co s¢ dir liéu cho cac
nghién ctru du bao vé chét luong nudce séng va 1a co s cho nhitng ké hoach, quy hoach sau
nay.

2. Thoi gian, dia diém va phwong phép nghién ciru

So dbd céu trac nghién ctru dugc thé hién & hinh 1.

Y tuwéng Nghién ciu

l

Lap ké hoach khao sat, thu mau va
thu thap théng tin

|

Khao sat thwe dia: quan tric théng =6 chat lwwong
mo1 trromg nuwoe tai luén tredng, thu maun

!

| Phéan tich mau tai Phong thi ngliém |

-—

Phan tich mau thwe vat né1 I Phan tich mau nwrée |

\ /

| Ghi chép, thu thap =6 liéu va xi 1y 26 liéu |

|

| Viét bai bao, khoa luan tét ngliép |

Hinh 1. C4u trc cia nghién ctru.

2.1. Thoi gian quan trdc

S liéu quan tric thong s thuy Iy hoa cua nude duge iy theo 2 dot: Pot 1 mua mua:
Tir ngay 15/7/2020 dén ngay 21/7/2020 (12 diém khao sat: 12 mau nudc va 12 mau thyc
vét noi).

Dot 2 mua kho: Tir ngay 11/12/2020 dén ngay 16/12/2020 (12 diém khao sat: 12 miu
nude va 12 mau thyuc vat ndi).
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2.2. Pia diém quan tric

Céc sb litu quan tric duoc thuc hién tai 12 diém khao sat doc theo song Héng trén dia

phan cta nude Viét Nam (vi tri cac diém khao sat dugc thé hién & hinh 2).

TRUNG QUOC A

il GIAI
* ANy ™6
LN Toatih, heh pbd

_ Song Hong

SN, O gt B, vt ol
N,

‘,' - 0 g0 gl g0
\ e ,.« L g ® e

o .-\‘ N A\ piém thu miu
Y

Hoang Sa

S
.
Suog u2ig

Ho Chi Migh

Truomg Sa \|

Hinh 2. So d6 vi tri cac diém khao sat tai song Hong.
2.3. Phuong phap khao sat tai thuc dia

2.3.1. Po dac thu thap mau nudc

Céc thong s6 thuy 1y hoa gom: Nhiét do, do duc, do dan, pH, d6 mubi, DO dugc xac
dinh ngay tai thoi diém thu maiu bang méay do da chi tiéu trong nuéc Water Quality Checker
WQC-22A cta hang TOA, Nhat Ban.

Méu nuée lay theo TCVN 6663-6:2008 (ISO 5667-6:2005) Chat lugng nudc - Lay
mAu - Phan 6: hudng dan ldy miu 0 s6ng va suoi [15]; theo TCVN 6663-3:2003 (1SO 5667-
3:1985) Chat lwong nudc - Ly miu - Phan 3: Hudng din bao quan va xir Iy mau [16], mau
nude thu duge dung trong chai nhya PE dung tich 1000ml va bao quan ¢ nhiét d6 4°C va
dugc chuyén vé PTN dé phan tich cac chi sé BODs (nhu cau oxy sinh hoa), ndng d6 NOs",
noéng do PO

2.3.2. Phuong phap thu mau thyc vat ndi

Tai mdi diém khao sat, mau thuc vat noi dugc thu bang ludi Juday No.64, duong kinh
miéng ludi 25cm, kich thude mat ludi 40 micromet, chiéu dai lugi 75cm.

Thu mau dinh tinh: Tai mdi diém, dung ludi thuc vat ndi kéo theo chiéu ngang dé thu
thuc vat ndi co trong cdt nudc, miéng ludi ngdp trong nude trong toan bd thoi gian kéo
ludi. Mau thuc vat ndi thu duoc duoc bao quan trong lo PPE sach, dung tich 200ml, néng
d6 foocmol ding dé bao quan mau 1a 4%.

Thu mau dinh luong: Tai mdi diém, loc 20 lit nudc qua ludi va mau thyc vat ndi duoc
bao quan bang dung dich 4%.

2.4. Phwong phdp phan tich mau tai phong thi nghiém

Céc thong s6 BODs, NO3', PO4> duoc phén tich tai PTN Nghién ctru Sinh thai hoc va
Pa dang sinh hoc ung phé bién ddi khi hau ¢ Vi¢t Nam, Khoa Sinh hoc, Truong Pai hoc
Khoa hoc Ty nhién, Pai hoc Qudc gia Ha Noi (Hinh 3).

BODs dugc xac dinh bang phuong phap Winkler theo tiéu chuan Viét Nam (TCVN)
6001-2:2008 (ISO 5815-2:2003), phan 2: phuwong phap ding cho mau khong pha lodng
[17].
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NOs'N dugc xac dinh bing phuong phap tric quang dung Acid sunfosalixylic theo
TCVN 6180:1996 (1SO 7890-3:1988) vé chit lwong nude: Xac dinh nitrat bang phuong
phap tric phd dung axit sunfosalixylic [18].

PO,*P duoc x4c dinh bang phuong phap tric quang dung amoni molipdat theo TCVN
6202:2008 (ISO 6878:2004) Chat lwong nudc: Xac dinh phospho - Phuong phap do phd
dung amoni molipdat [19].

Phuong phap phan tich mau thiee vt noi

Cac mau thuc vat ndi dugc soi bang kinh hién vi quang hoc Olympus CX 21, hédng
Olympus v&i d6 phong dai 50-200 1an tai PTN Tao va nam, Bo méon Khoa hoc Thuc vit,
Khoa Sinh hoc, Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Quoc gia Ha Noi.

Thanh phan loai thuc vat ndi duoc xac dinh béng phuong phap so sanh hinh thai, kich
thude dua trén cac khoa dinh loai d3 duoc cong bd [20 22].

=T

Hinh 3. Hinh 4nh do dac tai hién truong va phan tich mau tai phong thi nghiém.
2.5. Phuwong phdp xir Iy 56 liéu

2.5.1. Phuong phap xac dinh chi s6 6 nhiém hitu co cac chi tao Palmer

Chi s6 6 nhiém hitu co Palmer 1a chi s6 6 nhiém chi hodc loai tdo (thuc vat noi), dugc
xac dinh dya vao diém so cua cac chi tdo xuat hién tai ting diém khao sat. Chi s6 6 nhiém
hiru co Palmer dugc tinh toan khi c6 mat cac chi tao dugc mo ta trong bang 2 [3].

Bang 2. Chi s6 6 nhidm ctia céc chi tao [3].

Chi tio Chi so Chi tio Chi so Chi tiio _Chi 50
0 nhiém 0 nhiém 0 nhiém
Anacystis 1 Micractinium 1 Gomphonema 1
Ankistrodesmus 2 Navicula 3 Lepocinclis 1
Chlomydomonas 4 Nitzschia 3 Melosira 1
Chlorella 3 Oscillatoria 5 Scenedesmus 4
Closterium 1 Pandorina 1 Stigeoclonium 2
Cyclotella 1 Phacus 2 Synedra 2
Euglena 5 Phormidium 1

Tai ting diém khao sat, chi s6 6 nhiém hitu co theo Palmer dugc tinh béng cach tinh
tong cac chi sd 6 nhiém cua cac chi tio xuat hién trong diém do6 va so sanh két qua tong sb
v6i bang 3 dé danh gia mac do 6 nhiém hitu co ctia ngudn nude.

Bang 1. Chi s6 6 nhim theo Palmer [3].

Chi s6 Mirc d9 6 nhiém
0-10 Khoéng 6 nhiém
10-15 O nhiém trung binh
15-20 O nhiém hitu co cao c6 thé xay ra

>20 O nhiém hitu co cao
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2.5.2. Phuong phap xéac dinh phwong trinh twong quan va hé sé tuong quan

Phan mén Excell dugc st dung trong phuong phap phan tich twong quan hdi quy tuyén
tinh giita chi s6 Palmer véi cac yéu tb thiy 1y hoa cia méi trudng [23].

3. Két qua va thao ludn

3.1. Pdnh gid chdt lwong méi truong nude séng Hong qua cdc chi tiéu thuy 1y héa

Céc két qua khao sat vé thong sb thuy 1i hoa cta song Hodng duoc so sanh véi QCVN
08: 2023 BTNMT vé chat lugng nudc mat dugce the hién ¢ bang 4.

Bang 4. Thong s6 thuy 1y hoa ctia hai mua tai song Hong.

Do 2
. . Nhiét dp o DO  Pj mubi BODs PO  NOs
Mau - Mua i) P oy (Al (%) (mg/)  (mg/l)  (mgll)
SHO1 Mua 30,33 6,31 42,8 4,37 20 1,4 0,148 0,91
Kho 21,9 8,22 355 5,54 21,5 1,2 0,055 0,095
SHO0?2 MuAa 30,27 6,74 20,5 3,57 0,1 1,5 0,023 0,677
Kho 21,2 8,02 21 5,51 0,1 0,75 0,017 0,771
SHO3 MuAa 30,19 6,69 20,4 3,69 0,1 1,0 0,031 0,71
Kho 21,3 7,84 21 7,84 0,1 1,15 0,065 0,797
SHO4 Mua 30,06 7,20 20,6 3,75 0,1 2,1 0,055 0,776
Kho 21,00 7,47 20 5,93 0,1 0,75 0,043 0,685
SHO5 Mua 28,68 6,14 20 4,07 0,1 1,75 0.172 1,020
Kho 21,3 7,69 21 5,88 0,1 0,95 0,061 0,713
SHO6 Mua 28,78 7,17 19,6 4,58 0,1 2,2 0,093 1,032
Kho 23,1 7,85 20 5,65 0,1 1,5 0,027 0,747
SHO7 Mua 31,91 7,36 19,7 3,74 0,1 1,9 0,117 1,067
Kho 21,9 7,92 22 6,32 0,1 1,7 0,035 0,473
SHO8 Mua 32,3 8,07 23 4,53 0,1 2,0 0,038 0,604
Kho 21,4 8,23 34 8,05 0,2 0,6 0,007 0,640
SHO09 Mua 28,72 7,05 23,5 4,17 0,1 0,5 0,057 0,749
Kho 20,5 8,01 20 6,15 0,1 15 0,050 0,923
SH10 Mua 28,95 7,06 20 4,48 0,1 0,2 0,113 0,778
Kho 20,4 7,96 21 6,26 0,1 14 0,055 0,953
SH11 MuAal 27,93 7,07 24,1 5,19 0,1 1,5 0,098 0,729
Kho 20 8,21 22 6,73 0,1 0,7 0,108 1,070
SH12 Mua 26,78 6,77 24,1 4,73 0,1 2,0 0,193 0,833
Kho 20,2 8,15 27 6,5 0,1 1,0 0,049 1,219
TB miia mua 29,58+ 6,97+ 23,19+ 4,24+ 1,76+ 1,50+ 0,095+ 0,824+
1,58 0,50 6,42 0,49 5,74 0,64 0,056 0,151
TB miia khé 21,18+ 7,96+ 50,33+ 6,36+ 1,89+ 1,10+ 0,048+ 0,757+
0,87 0,23 96,03 0,83 6,18 0,36 0,026 0,289
-y A - 6,5-8,5 - >6,0 - <4 - -
ZJE B ; 6.0-85 ; >3 - <6 ; ;
> o > ' ) = >
Sez C 6,0-8,5 >4 <10
S5 D <6,0:>85 >0 >10

Ghi chi: *: QCVN 08:2023/BTNMT [24].

Nhiét do cia nudc cod sy thay ddi theo mua: mua mua, nhiét do dong tir 26,78°C dén
32,3°C; mua kho, nhiét d6 trong nudc song dao dong tir 20°C dén 23,1°C. Su chénh 1éch
nhiét d§ trung binh gitra 2 mua la 8,4°C (Hinh 4a).

pH trong nuédc dao ddong theo mua, vao mua mua, pH trung binh 1a 6,97+0,50 va tang
lén 1a 7,96+0,23 vao mua kho, diéu do cho thiy rang nudc séng cd xu thé kiém hoa vao
mua kho. Trong mua kho, pH tai tat ca cac diém khao sat déu thudc muc A cua QCVN
08:2023/BTNMT va phu hop v6i doi sdng ciia thuy sinh vat (Bang 4). Tuy nhién, vao mua
mua, 2 diém c6 pH nam & mutc B cia QCVN 08:2023/BTNMT 1a diém SHO1va SHO5 voi
pH tuong Gmg 1a 6,31 va 6,14 (Hinh 4b).
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Hinh 4. Cac thong sb thuy 1y hoa cta nude song Hong: (a) nhiét do; (b) pH; (c)BODs va (d) DO.

Nong d6 mudi trong nudc giita hai mia ciia cac diém khao sat kha 6n dinh & 0,1%o dén
0,20%o trong ca 2 mua, ngoai trr diém SHO1 véi do mudi 20%o (vao mua mua) va 21,5%o
(vao mua kh) (bang 4). Do diém SHOI nam & khu vyc cira Ba Lat, noi song Hong d6 ra
bién Pong, nudc tai diém nay 13 sy giao thoa, pha trén gitra nuGe ngot cua sdng Hong va
nlmc min cua bién bong, do d6 do muoi & cd hai mua tai diém nay déu rat cao (= 20%o),
gap khoang 200 1an so véi cac diém con lai.

Nong d6 oxy hoa tan (DO): Két qua khao sat bang 4 cho thdy, c6 sy chénh léch vé
nong do 6 xi hoa tan gitra cac diém khao sat & 2 mua. DO trung binh mua kho 14 6,36+0,83
mg/l cao gap 1,5 1an so voi mua mua (4,24+0,49 mg/l) (Bang 4, Hinh 4d). Vao mua mua,
tai hau hét cac diém khao sat déu c6 DO & muc C, ngoai trir diém SH 11 ¢6 DO ¢ mirc B,
con trong mua DO cua céc diém khao sat déu dat muc B, trong d6 co 7 diém c6 DO cao dat
muc A cia QCVN 08:2023 BTNMT la SHO03, SHO07, SHO8, SH 09, SH 10, SH11 va SH12.

Nhu ciu oxy sinh hoa (BODs): Tai khu vuc séng Hong, ham luong BODs trong nudc
vao mua mua cao hon mua khé (Bang 4, Hinh 4c). Vao mua mua, BODs dao dong tir 0,2
mg/l d&én 2 mg/l, vao mua khd, BODs dao dong tir 0,65 mg/l dén 1,7 mg/l. Tuy nhién,
BODs tat ca cac diém & ca hai mua déu thuoc miac A (< 4 mg/l) theo QCVN 08:2023
BTNMT, day la mot tin hi¢u tt cho théy kha nang ty lam sach cua song dat hi¢u suit cao.
Két qua nay thap hon so voi két qua da dugc cong b tai khu vuc séong Hong, doan chay
qua tinh Thai Binh nam 2016-2017 [13].

Nong do NOs: Vao mia mua, nong d6 NOs™ tai cac diém khao sat dao dong tir 0,604
mg/l dén 1,067 mg/l, vao mua kho néng d6 NOs™ dao dong tir 0,095 mg/l dén 1,219 mg/l,
cao ho. Nong d6 NOs™ trung binh trong hai mua c6 sy chénh 1éch khong nhiéu. Véi luong
mua 16n rira tréi NO3” tir dat cing v6i su gia ting nudi trong nong thiy san, ndng do NO3
trung binh vao mua mua (0,82 mg/l) cao hon néng d6 NO3 trung binh vao mua khd (0,76
mg/l).

Nong d6 POs%: Nong do6 PO4* tai khu vuc song Hong co sy thay doi theo mua, vao
mua mua, ndng d6 POs> dao dong tir 0,023mg/l dén 0,193 mg/l, vao mua khd ndng do
PO.* dao dong tir 0,007 mg/l dén 0,108 mg/l. Nong d6 PO4* tai diém SH12 vao mua mua
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1a cao nhat vé6i 0,193 mg/l, cao hon gin 8,4 1an ndng d6 PO4* tai diém SHO2 (0,023 mg/l).
Nong d6 PO,* tai diém SH11 vao mua kho 1a cao nhit v6i 0,108 mg/l. Nong d6 PO,* trung
binh trong hai mua c6 su chénh I¢ch o rét, cao vao mua mua (0,095 mg/l) va gidm dan vao
mua kho (0,05 mg/l).

Céc thong s6 thury 1y hoa méi truong déu chi ra duogc chét lwong méi truong nude tai
tung diém khao sat co su khac biét trong hai mua. Nhi¢t d0 va BODs mua mua cao hon so
v6i mua kho, trong khi d6 DO mua mua lai thdp hon so v&i mua kho. Cac thong sé pH,
BODs, déu nam trong gi01 han cho phep cua QCVN 08: 2023/BTNMT muc A va B, riéng
chi s6 DO ¢ mua mua nam ¢ muc C.

3.2. Thanh phan lodi thuec vit néi tai séng Hong

Két qua phan tich dinh tinh 24 mau thyc vét ndi trong 2 mua khao sat tai song Hong da
phat hi¢n dugc 119 loai va duoi loai, thudc 49 ho, 32 bo, 10 16p cua 6 nganh tdo: Nganh
Cyanobacteriophyta (vi khuan lam), nganh Chlorophyta (tao luc), nganh Bacillariophyta
(tao silic), nganh Crysophyta (tio vang anh), nganh Euglenophya (tio mat) va nganh
Dinophyta (tdo giap) (bang 5).

Bang 5. Cau tric thanh phan loai tai song Hong.

Loai
Nganh tio Lép Bo Ho S& lwgng TV 18 (%)
Cyanobacteriophyta (vi khuin lam) 1 6 8 11 9,24
Chlorophyta (tao luc) 3 4 9 40 33,61
Bacillariophyta (tao silic) 3 17 25 54 45,38
Crysophyta (tdo vang anh) 1 1 1 1 0,84
Euglenophya (tao mt) 1 3 8 6,72
Dinophyta (tao giap) 1 3 5 4,20
Téng 10 32 49 119 100,00

Tai khu vuc song Héng, tao silic 14 nhom xuét hién dong dao va da dang thanh phén
lodi nhat chiém ty 18 45,38% vé&i 54 loai, 25 ho, 17 bo, 3 16p. Tiép d6 1a tao luc chiém
33,61% gom 40 loai, 9 ho, 4 bd, 3 16p. Xuét hién it nhat va duy nhat mot lodi vao mua mua
1a tao vang anh chiém 0,84% (Bang 5).

3.3. Bdnh gid chdt lwong nuéce tai séng Hong théng qua chi sé6 Palmer

Tai khu vuc song Hong, dd xac dinh dugc 9 chi trén tong s6 20 chi co trong chi sd
Palmer la: Ankistrodesmus, Chlorella, Cyclorella, Euglena, Melosira, Navicula, Nitzschia,
Phacus va Scenedesmus. Dura vao thanh phan cac chi c6 mat trong bang dlem (bang 2) dé
tinh chi s6 6 nhidm ctia cc chi tao trong timg diém cho song Hong. Chi s6 6 nhiém Palmer
ctia tirng diém thé hién ¢ bang 6.

Bang 6. Chi s6 6 nhidm cuta cac chi tao Palmer tai khu vuc song Hong.

Ki hicu Mua mua _ Mua kho
m?ll; Chi s6 Palmer Panh gia Chi so Panh gia
Palmer

SH 01 19 O nhi&m hitu co cao c6 thé xay ra 6 Khéng 6 nhiém
SH 02 28 O nhiém hitu co cao 0 Khong 6 nhiém
SH 03 18 O nhi&m hitu co cao c6 thé xay ra 5 Khong 6 nhiém
SH 04 16 O nhi&m hitu co cao c6 thé xay ra 10 O nhiém trung binh
SH 05 13 O nhiém trung binh 9 Khong 6 nhiém
SH 06 10 O nhiém trung binh 5 Khong 6 nhiém
SH 07 13 O nhiém trung binh 13 O nhiém trung binh

SH 08 10 O nhiém trung binh 0 Khong 6 nhiém
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Cpia Mua mua Mua khd
Kibie —— Gorvd

mau Chi so Palmer Panh gia ! Danh gia

Palmer

SH 09 8 Khoéng 6 nhiém 0 Khéng 6 nhiém
SH 10 6 Khong 6 nhiém 10 O nhiém trung binh
SH 11 4 Khong 6 nhiém 5 Khong 6 nhiém
SH 12 7 Khong 6 nhiém 1 Khong 6 nhiém

B 12,67 5,33

Dua trén chi s6 Palmer cho thay, chit nudc nude song Hong vao mua mua dao dong tir
4 dén 28; thay d6i theo chiéu doc séng, mirc 6 nhiém ting dan tir thuong luu cho dén ving
ha luu phan r6 thanh 3 muc twong tng véi 3 luu vue: mirc 6 nhiém cao 1a khu vuc ha luu tur
diém SH 01 dén SH 04; muc 6 nhiém trung binh nam tai khu vuc trung luu gom cac diém
SH 05 dén SH 08 va muc khong 6 nhiém thudc khu vuc thuong luu gom cac diém SH 09
dén SH 12 (Bang 6). Vao mua kho, chi s6 Palmer dao dong tir 0 dén 13, chi sb nay thé hién
chat lugng nudc & mirc khong 6 nhiém dén 6 nhiém hitu co & muc trung binh va khong co
su phan Iuu vyc ma cao hoac thép tuy thudc vao ting diém. Chi s6 Palmer trung binh cua
mua mua gip 3,7 1an so voi mua kho, diéu dé cho thay rang mirc do 6 nhiém hiru co vao
muia khé thdp hon so voi mia mua (Bang 6).

Két qua nghién ctru cho thiy, ciing giéng nhu thong sé thity 1y hoa, chi s6 6 nhiém hitu
co cho thdy duoc mirc 46 6 nhiém hitu co & timg diém khao sat va su khac biét vé chat
lwong nude rd rét tir mia mua dén mua kh6. Tuy nhién, sir dung phuong phap danh gia chat
luong méi trudng nude bang chi s6 6 nhiém hiru co Palmer con cho thdy duoc su khac
nhau vé chit lwong nudc tir ving thuong luu xudng trung luu va ha luu song Hong. Nguyén
nhan do cac dong hop luu cua séong Hong di luu chuyén cac vat chét tir cac khu vue, theo
dong chay ra dong 16n cua song, voi su tich tu dan cac vat chat khién cho mirc do 6 nhiém
hiru co ngay cang ting tir ving thuong luu xudng ha Iuu.

3.4.Twong quan giita chi s6 6 nhiém hitu co Palmer véi cdc thong so thuy Iy héa tai séng
Hé‘ng

Phan tich twong quan gitra chi sO 6 nhiém Palmer va cac chi s6 méi trudng cho thay, tai
khu vuc song Hong, chi s6 6 nhiém hitu co Palmer ctia tio tvong quan ¢ mirc trung binh
voi1 nhiét do, pH va DO. Trong d6, Palmer twuong quan thuan véi nhiét d9, va tuong quan
nghich v6i pH va DO nhung khong twong quan véi cac yéu té nhu do dan dién, d6 mudi,
BODs, PO4*, NOs™ (Bang 7, Hinh 5).

Bing 7. Tuong quan gitra chi s6 6 nhidm hitu co Palmer va thong sé thity 1y hoa.

Mobi twong quan Phwong trinh |r| p Mirc d§ twong quan
Palmer - Nhiét do y=0,9412x — 14,886 0,623 <0,05 Trung binh
Palmer - pH y=-0,1,258x + 17,072 0,637 <0,05 Trung binh
Palmer - DO y =-3,5112x + 27,614 0,663 <0,05 Trung binh
Palmer - Po dan - 0,093 >0,05 Khong tuong quan
Palmer - Mubi - 0,086 >0,05 Khong twong quan
Palmer - BODs - 0,356 >0,05 Khong twong quan
Palmer - PO* - 0,106 >0,05 Khong tuong quan
Palmer - NO3 - 0,070 >0,05 Khong twong quan

Ghi ch: r 12 hé s6 twong quan, p 1a mirc y nghia.
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a) twong quan giira nhiét d§ véi chi s6 Palmer b) twong quan giira pH va chi sé Palmer
30 -
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Két qua nghién ctru vé twong quan, cho thiy yéu tb 0 xi hoa tan trong nude co ¥ nghia
quan trong, voi diéu kién 6 xi trong nudc tang, thi sy xuét hién (c6 mat) ciia cac chi tao gay
6 nhiém hitu co tinh theo Palmer 1a giam, diéu nay ciing phu hop véi QCVN
08:2023/BTNMT, khi néng do 6 xi hoa tan trong nudc cao thi nudc co chat lugng tt.
Ngoai ra, tai timg diém nghién ctru, anh huong cua thoi tlet khi hau, dong chay, cic chat
thai, lwong sinh vét trong nudc. .. ciing khién cac thong s6 moi trudng nude thay ddi lién
tuc, dﬁn t6i cac chi sb sinh hoc tao ciing thay doi dé thich nghi.

4. Két luén

Chat luong nudc song Hong tai cac diém khao sat con twong d6i tét pH, BODs déu
nam trong gi6i han cho phép cia QCVN 08:2023 BTNMT mirc A, chi s6 DO ¢ mua mua
nam & mic B nhung trong mua khé DO tai hau hét cic diém khao sat déu ¢ mirc C cua
QCVN 08: 2023/BTNMT.

Chi s6 6 nhiém hiru co Palmer cua thuc vat ndi thay ddi theo mua: vao mua mua dao
dong tur 4 dén 28, mua kho dao dong tir 0 dén 13. Vao mua mua, chi s6 Palmer tdng dan tir
4 dén 8 & vung thuong luu, 10 dén 13 & ving trung luu va 16 dén 28 ¢ ving ha luu. Vao
mua kho, mirc 6 nhidm hitu co trung binh xdy ra & diém SH4, SH10 véi chi s6 Palmer 13 10
va SH7 véi chi s6 Palmer 13 13, cac diém con lai khong bi 6 nhiém hitu co do chi s6 Palmer
dao dong tir 0 dén 9.

Chi sé 0 nhiém hiru co Palmer c6 twong quan c0 ¥ nghia thdng ké & mic trung binh véi
cac thong sd thuy 1y hoa dugc khao sat bao gom pH, nhiét d6, DO nhung khong tuong
quan véi cac chi s, 36 mudi, 46 dan dién, POs>, NOs’; trong d6, chi s6 Palmer twong quan
thudn vdi nhiét dg, nhung twong quan nghich véi pH va DO.

Két qua nghién ctru nay 1a co s¢ dit liéu ban dau trong viéc danh gia chit lwong moi
truong nude thong qua chi s6 sinh hoc Palmer cua thuc vat ndi tai khu vuc song H@)ng. Tuy
nhién, nghién ctru nay ciing c6 nhiing han ché nhat dinh nhu: s6 diém nghién ciru va lugng
mau thu con twong ddi it so v6i chiéu dai hon 500 km cua song, do d6 viéc danh gia mot
cach téng quat ca khu vuc song Hong van mang tinh udc 1é chua phan anh duoc mét cach
chinh xac tuyét ddi. Do d6 néu co thé tién hanh khao sat voi sé lugng diém nhiéu hon va sb
lan 14y mau nhiéu thi két qua nghién ctru s& c6 ¥ nghia hon va mang gié tri khoa hoc cao
hon.

Dong gop cua tac gia: Xay dung y tuong nghién cou: N-T.N, NT.T.L., B.T.H.; Xu ly s6
liéu: B.T.H.; Viéct ban thao bai bao: B.T.H.; Chinh stra bai bao: B.T.H., N.T.L.
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Loi cdm on: Bai bao hoan thanh nho vao két qua ciia nhiém vu: “Nghién ctru su da dang vi
khuan trong cac hé sinh thai thuy vue khu vie ndi ddng ciia Viét Nam bang phuong phap
DGGE fingerprinting va danh gia mbi lién hé v6i cac tic dong cta con nguoi va bién doi
khi hau”.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duogc sao chép tur nhitng nghién ctru trude day;
khong c6 su tranh chap 1oi ich trong nhoém tac gia.
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Water quality and correlation between Palmer index of
phytoplankton with physiochemical of Red river in Vietnam
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Abstract: The study conducted and collected phytoplanton samples at 12 locations along
the Red river that area flow through of Vietnamese territory. Time of the survey: the first
time: from 1/7/2020 to 15-21/7/2020 and the second time: from 11/12/2020 t016/12/2020.
The results shown that the physico chemical parameters of water including: pH, BODs
were in the allowable limits of QCVN 08:MT 2023/BTNMT level A, however, in the rain
season, DO was in the level B and in dry season DO was in the level C of the QCVN 08:
2023/BTNMT. The Palmer index of phytoplankton shown that water quality of Red river
was changed following the season: in the rain season value of Palmer ranger 4 to 28, in the
dry season it changed 0 to 13. Organic pollution was increased from upstream to
downstream of the river, in which Palmer index at SHO1 to SHO04 location was high
corresponding that level organic was high with value ranged from 16 to 28, SHO5 to SH
08 location shown that organic level was normal (Palmer value ranged 10 to 13) and SH09
to SH12 organic level was low (Palmer value ranged 4 to 8). In the dry season, organic
pollution occurred at some locations: SH04, SHO7, SH10 with Palmer value 10 to 13 and
other locations were not organic polluted with Palmer value 0 to 9. The Palmer organic
pollution index was a statistically significant correlation with temperature, pH, DO but
was not correlation with salinity, conductivity, POs>, NOs". In which, Palmer index was
positively correlated with temperature but negatively with pH and DO. The result was the
initial database in assessing water quality environment by Palmer index of the Red river.

Keywords: Water quality; Red river; Palmer index.
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Tém tit: Dbng bang séng Hong (DBSH) dang khai thac khoang 1,5 triéu m*/ngay cha yéu
trong cdc tang chira nu6e (TCN) D¢ ta. Mot s6 dja phuong nhu Ha Noi va Nam Pinh da
xudt hién cac van de suy giam muyc nudc, sut lan dat, xam nhap man va 6 nhiém NDD. Viéc
bd cap NDD chu yéu dén tir cac ngudn khac nhau, bao gdm mua, tudi tiéu va hé thong song
hd. Mb hinh ba chiéu (3D) MODFLOW xay dung ¢ khu vuc nghién ctru va dugc hiéu chinh
v6i s6 liéu quan trac thyc té, két qua tinh toan can bang nudc tir mdé hinh MODFLOW cho
thdy luong bd cap tir mua va song dén cac TCN Pé ti. Trong d6 luong bd cap tdi da vao
mua mua (khoang 68% lugng mua) va t6i thiéu trong mua khé (khoang 10% luong mua).
Trong mua mua, h¢ thong song chit yéu bo sung cho cac TCN Dé tir, dong gop khoang 9,51-
17,36% vao tong can bang nude cia cac TCN. Dong chay tir cac TCN nut né ¢ ria bdn dong
bang dén cac TCN D¢ tr chi chiém mot lugng rat nho. Dé dam bao cong tac quan 1y, khai
thac NDP bén viing can phai xét xét dén vai tro ctia ngudn bd cap tu nhién cho NDP can
dugc danh gid mot cach toan dién, day cling 1a myc tiéu cua nghién ctru nay.

Tir khéa: BO cap nude dudi dat; Mo hinh MODFLOW; Tang chira nude B8 tir; Dong bing
song Hong.

1. Giéi thi¢u

B6 cap nude dudi dat (NDD) 1a qua trinh nude thém vao dat, tang luong trir luong NDD
[l] C6 ba loai bo cap cho NDD: 1) BO cép truc tiép xay ra khi d6 4m trong dat cao thim
xuong theo phuong thang dimg di qua déi khong bao hoa va xuong dén muc nudc ngam. ii)
B sung gian tiép xay ra khi nudc thim qua long song hodc hd iii) Bo cap cuc bd la qué trinh
thAm cta nudc xay ra ¢ cac khu vuc cy thé, nhu cac khép ndi, 16 héng, hd sut, hodc ranh
nude nhé [2, 3]. B6 cap NDD 1a mot thanh phin quan trong trong bai todn cin bang nudc
g6p phan vao viéc khai thac bén viing NDD trén mét luu vuc song. Bo cidp cho NDP mét
céch truc tiép 1a rat kho xac dinh [4]. Dé danh gia bd cap NDD can sir dung nhiéu phuong
phap va sau d6 so sanh két qua cua timg phuong phap véi nhau [5]. Xac dinh bd cap cua
NDD vao hé thong dong chay NDD khu vuc 1a can thiét cho muc dich quan 1y va kinh té [6,
7]. Ving PBSH véi dién tich trén 21260 km? gdm 11 tinh thanh phd, 1a mét trong hai dong
bang 16n nhat vi mat ¢ dan sb cao 1a noi sinh sdng ciia khoang 22,9 triéu ngudi. Céc tang
chira NDD PBSH 1a mét trong nhitng nguén nude chinh phuc vu nhu cau cho sinh hoat va
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san xuét. Cac nghién ctru khac nhau da danh gia viée bd cap NDD ¢ PBSH, thuong tap trung
vao cac diém cu thé hodc khu vuc nho, chwa c6 nghién ciru khu vire toan dién nao. Nghién
ctru trude day da sir dung md hinh hoa trén MODFLOW dé udc lugng bd sung nude ngam,
gan 87% cho mua mua va 56,28% cho mua kho [8]. Tuy nhién, trong nghién ctru nay do han
ché dir liéu va su thiéu kiém chung tir cac phuong phap khac nhu dong vi bén. Phuong phap
ddng vi bén sau ndy da duogc sir dung dé xac dinh bd cap NDD ¢ Pan Phugng, Ha Noi cho
céc TCN D¢ tir va cho thay trong mua mua song cap cho NDD va mua khé NDD thoét ra
séng [9]. Bdi voi cac bai giéng khai thac Ha Dinh, Mai Dich va Phap Van két qua nghién

ctru trudce cho thiy nude song Hong dong gop 50%, 52% va 57% tuong umg cho trir luong
khai thac [10]. Phuong phap dong vi Tritium/Helium dinh tudi NDD d3 duoc sir dung Xac
dinh lugng cap tir song Hong dén cac TCN & khu vuc Nam Du [11]. Su dung két hop dong
vi va mé hinh dé danh gia bd sung tir song Hdng va nude mua dén cac TCN Bé tir & khu vuc
Dan Phuong [12]. Nghién ctru st dung két hop MODFLOW va phuong phéap dao dong muyc
nude ¢ cac cong trinh quan trac dé danh gia tai hguyén NDb ¢ BBSH [13]. Gan day nhét,
viéc xac dinh lugng bd cap va luong thoat bién da gbc phan Tay Nam, thanh phé Ha Noi
bang phu:ong phap mo hinh MODFLOW cho thdy lwong bd cap nay la rat nho [14]. Két hop
GIS va vién tham dé phan tich cac yeu t6 dé xay dung ban d6 phan ving bo cap nudc ngdm
& DBSH [15], nghién ciru lwong bo cap duge dinh lugng bang phuwong phép dinh tudi bang
ddng vi 3H. Tuy nhién, vai trd trong can bang d6i v6i hé thong TCN trong nghién ctru nay
van con chua rd rang.

Nhu vy tir cac nghién ctru trong va ngoai nudc cho thay dé xac dinh lugng bd cap cho
NDD can thyc hién voi nhidu phuong phap khac nhau. Cac nghién ciru trude ddy méi chi tap
trung theo khu vuc nho hay theo diém, chua co phan ving bd cap tir nude mua cho nude
dudi dat trén toan ving DPBSH. Viéc két hop phuong phap vién tham, GIS va thuy vin dong
vi dé phan ving tiém nang bd cip tir nudc mua cho nude dudi dat va xac dinh luong bo cap
ving PBSH 1a phuong phap méi, kha thi [15]. Tir cac két qua phan ving tiém niang bd cap
[15], tmg dung md hinh MODFLOW la phuong phdp hi¢u qua va toan dién trong xac dinh
vai tro cliia nudc mua, nudc song trong thanh phan cung cap tham ddi v6i su hinh thanh trix
luong khai thac nudc dudi dat cac tram tich Dé t PBSH. M6 hinh MODFLOW dugc phat
trién boi to chirc US Geological Survey (USGS) [16] c6 uy tin trong linh vuc nghién ctru va
quan ly tai nguyén nudc, da va dang sir dung phé bién tai Viét Nam. Trong do, mod hinh
MODFLOW di dugc Trung tim Quy hoach va Diéu tra tai nguyén nudc quoc gia (NAWAP )
xay dung tir nm 2005 cho ving PBSH lién tuc duoc cap nhat va phat trién cho dén nay phuc
vu cho cong tac thong bdo, canh bdo du bdo tai nguyén nudc hién tai dugce sir dung trong
nghién ctru nay.

[ Ban d6 tiém ning bd cip nudc dudi dat ]

v
Mo hinh Modflow
| Thiétiapmé ; | Chayme | | Hiéuchinh |
. hinh I . hinh I mé hinh I
e s e— o — e ¢ e — e s e o —
T
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— = |__|__ — N — = i
Xam pham : 3 .z - x . Lwrong bo cép tir
Ui hrc_rﬁgﬁnhl lKhal thac! LBOC hcr’i_i Bien I | Pa goc ] | Song ] I trén mit
————— SO | o ) 5 il Sl i & M. 6 o 3 i " — — o —
Vai trd cdc ngudn cung cap nudc dudi dat

Hinh 1. So d0 nghién ctru bing md hinh MODFLOW viing DBSH.
2. Phuwong phap nghién ciru va dir li€u sir dung
2.1. Gioi thiéu khu viec nghién curu

Pic diém vi tri dia 1y ty nhién: Khu vuc nghién ctru nam trong vung BDBSH, khi hau
nhiét déi am gié mua. Mua kho chiém 15% lugng mua nam (tir thang XI dén thang IV) va
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mua mua chiém 85% lwong mua nam (tir thang V dén thang X). Theo khong gian, PBSH c6
luong mua trung binh nam bién dong rat manh so voi yéu td khi tuong khac, gia tri cuc tiéu,
cuc dai cua lugng mua co thé chénh nhau tir hai dén ba 1an. Luong mua trung binh ndm cho
toan ving giao dong tir 1200 mm dén 2700 mm, theo d6 1a lwong bdc hoi tir 828,2 dén 1057, 1
mm/nam. Nhiét d6 thé hién su ddi 1ap theo muia, véi nhiét d6 khong khi cao nhét dat tir 35°C
dén 39°C, trong khi nhiét d6 trung binh hang nim 6n dinh & muc tir 23°C dén 23,5°C. Pang
chu y, ¢6 sy chénh 1&€ch nhiét dJ trong ngay dang ké, do duoc tir 8°C dén 15°C vao mua he
va tir 4°C dén 13°C trong mua dong. Hé théng song ngdi DBSH phirc tap v6i mat do trung
binh tir 0,4 dén 0,7 km/km? v6i hai hé théng song chinh 13 hé thong song Hong va hé thong
sbng Thai Binh.

DBSH c6 dia hinh da dang bao gdm céc khu vyc ven bién dudi 1m, cic ving song bic
thang tir 7-8 m dén 15m, cac khu vuc d6i nti & d6 cao 50-100 m trong ddng bang, va cac diy
nai cao dén 900 m doc theo bién gi6i phia Tay va T4y béc. Pia hinh bi anh hudng boi hé
thdng dut giy, dic biét 1a cac dut gdy Tay Bic - Dong Nam, Pong Béc - TAy Nam va cac dit
gdy theo hudng bic - nam, diéu khién hoat dong kién tao va phan chia dong bang. Bd bién
kéo dai khoang 200 km & phia Dong va Pong Nam tir Quang Ninh dén Thanh Héa, trai qua
su xdm nhap man do song, thuy triéu va hé thong song. Sy xAm nhap nay anh huong dén hé
sinh thai ven bién, viéc tudi tiéu va cac TCN ndng.

Pic diém dia chét thuy vin (PCTV): PBSH c¢6 2 TCN chinh. Trong d6 TCN Holoxen
(gh) 12 TCN tht nhét tir trén xudng, c6 tudi tré nhat duge cau thanh tir cac tram tich cat hat

trung dén hat min ctia hé tﬁng Thai Binh va phan trén ctia hé tﬁng Hai Hung. TCN Pleistoxen
(qp) phan b rong khap dong bang, da phan bi phu boi cac tram tich gh tré hon chi 16 ra chu
yéu & phan dinh déng bang. TCN qp dugc cAu thanh tir cac tram tich hat thd dén hat trung.
Nam xen k& véi cac TCN g tir 1a cac trim tich thim nudc yéu tudi Holoxen sém giita hé
tang Hai Hung (Q2%?hh) va cac tram tich cach nudc Pleistoxen mudn hé ting Vinh Phuc

(Qi’vp).
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MAT CAT TUYENI-I (b)
Ty 1& dung 1:1000
Ty lé ngang 1:200.000
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MAT CAT TUYEN II-11 MAT CAT TUYEN II-III
Ty lé ding 1:1000 Ty 1& dtng 1:1000

Ty 1& ngang 1:200.000 Ty lé- 11gang 1:200.000
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1082 Cao &) dja hinh

Layp thim nuée yéu Tang chira mrde (gh) Téng clira mrde (qp2) Téng chita muréie (qp1) i gbe (N, 1)
Hinh 2. a) Ban ¢ DCTV va b) Cac mit cit PCTV 6 DBSH [17].

2.2. Co 56 1y thuyét phwong phdp

Mo hinh s6 duoc xay dung va sir dung dé phan tich, danh gia vai trd cac ngudn cung cip
tham do6i véi sy hinh thanh trit lwong NDD. Sy bién d6i do cao muc nudc dudi dat duge mod
ta bang mot phuong trinh dao ham riéng [16] duy nhat sau:

a(K 6h)+6<K 6h>+a<K ah)+w_sah 1)
ox\ *ax)  ay\ Yay) az\ *oz/— = ot

Trong d6 Kux = Kux (X, Y, 2), Kyy = Kyy (X, Y, 2), Kzz = Kzz (x, y, 2) la cdc hé s6 tham cua
TCN theo cac phuong x, y, z; H 1a chiéu cao muyc nudc dudi dat tai vi tri (x, y, z) & thoi diém
t: W 1a gia tri bd cap hoic thoat di ciia nudc nudc dudi dat tinh tai vi tri (x, y, z) ¢ thoi diém
t, W=W(X, Y,z 1); Ss = Ss(x, v, z) 1a hé s6 nha nudc.

Phuong trinh (1) dugc giai v6i cac didu kién bién:

+ Piéu kién bién loai I (bién Dirichlet) 1a cdc 6 ma myc nudc dugce xac dinh trude va gia
tri nay khong doi trong sudt thoi gian tinh todn H = h(t).

+ Piéu kién bién loai II (bién luu lwong Neuman) 14 cac 6 ma luu luong dong chay qua
bién duge xac dinh trude trong sudt bude thoi gian tinh toan Q = q(t).

+ Piéu kién bién loai I (bién hdn hop Cauchy) 1a diéu kién bién ma luu lugng trén bién
phu thudc vao muc nude Q = f(H).

2.3. Dit liéu dau vao va xdy dwng mé hinh viing PBSH

Dé danh gia vai trd cta viéc bd sung nudc ngim tryc tiép ddi véi vige khai thac nudce
ngam vung DBSH, chung ta dya vao dir liéu nghién ctru gan day lam nguon dau vao co ban
dé xay dung mo hinh dong chay nudc ngam. Cac ngudn dit liéu nay bao gom:

- Dit liéu ban d6 BCTV ty 1¢ 1:200.000 (hinh 1) [17].

- Dit liéu vé bé mat dia hinh: Trén mé hinh, bé mat dia hinh duoc xay dung dua trén céc
diém d6 cao cua ban d6 dja hinh ty 1& 1:50.000 va cac diém cao do cua cac giéng quan tric
va cac giéng tham do duoc diéu tra trude day.
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- Dit liéu v& hién trang khai thac NDD hién nay (ngudn: Cuc quan 1y tai nguyén nudc -
DWRM).

- Dit liéu Vé diéu tra NDD tai cac tinh vaing DBBB (ngudén: NAWAPI).

- Dt liéu Ve bd cap nudc ngam dugc tinh toan va xac dinh boi [15].

- Dit liéu vé bd cap tir bién da gdc va twong tac thuy luc giita nude song Hong va NDD
¢ Ha Noi va vung 1an can dugc nghién ctru boi [14].

- Panh gia toan dién vé anh hudng cia d6 thi hoa dén bd cap NDD & Ha Noi duge nghién
ctru boi [18].

Dit liéu trén duoc sir dung 1am nén tang va co s& cho md hinh dong chay NDD da duoc
xay dyng [19]. M6 hinh duoc xdy dung bang phan mém Visual MODFLOW cua hang
Schlumberger [20, 21] va dugc chinh 1y trén co s¢ s0 liéu quan tric quoc gia va dia phuong
(Ha Noi, Nam Dinh va Thai Binh) va mot s6 cac két qua diéu tra méi nhét gan day. Sau khi
hiéu chinh mé hinh, tinh toan bd cap cho NDP dugc thyc hién thong qua goéi Zone Budget
trong mo hinh. Két qua d4nh gia can bang nudc va cac kich ban dy bao 1am 13 vai trd ciia cac
ngudn bd cap NDD trong qué trinh hinh thanh trir lugng khai thac NDP ving DPBSH.

- Thiét k& lu6i cho mé hinh: Dién tich 1ap mé hinh 13 14860 km? dugc ndi rong ra so voi
md hinh cii nham muc dich mé rong bién ¢ phia Dong TCN Pleistoxen. Theo mot s6 két qua
diéu tra cho thay phia Pong cua ving PBSH, TCN Pleistoxen md rong ra vé phia bién chir
khong bi gidi han boi duong bo bién do d6 viéc mé rong md hinh 1 can thiét. Ludi ciia mo
hinh dugc chia thanh 162 hang va 223 ¢4t vai kich thudce hinh vuong 1a 1000x1000m, riéng
khu vuc Ha Noi, ludi dugc chia vdi kich thude 1a 500x500m dé dam bao d6 chinh xac do
khu vuc nay nhleu bai gleng khai thac nudce tap trung.

- Dt liéu Ve phan tang dia chit thuy van: Dir liéu dugce sir dung dé phan chia cac 16p cua
md hinh bao gom cac 728 15 khoan diéu tra giai doan trugc [15]. CAu triic phan ting DCTV
dugc chia thanh 4 16p trong m6 hinh, trong d6 gom 16p thim nude yéu bé mit (16p 1), TCN
Holoxen (qh) (16p 2), 16p thim nudc yéu bé mat (16p 3) va TCN Pleistoxen (qp) (16p 4).

- Céc thong s6 PCTV: Céc thong s6 PCTV bao gém hé sb thim (K) va hé s0 nha nudc
(S) dugc gan trong mo hinh dya theo cac nghién ciru trude d6 da duge cap nhat gan day nhat
[15]. B6i véi TCN Holoxen, hé s6 thim nam trong khoang 0,02-158 m/ngay, trung binh 26,1
m/ngdy. D6i véi TCN Pleistoxen, hé s6 thim nam trong khoang 0,5-184 m/ngay, trung binh
34,75 m/ngay.

KK~ 10K, KK=10K, KK-10K,
] 03¢ [ 2786 1.68x10*
1000 | 1349 30.0
0.02 36310 10° ©
3476 | 1.0 27.40
a8x10¢ | 1024 103

Hinh 3. Hé sb tham Ky, Ky, K, twong tmg cho TCN: (a) Holoxen, (b) Pleistoxen, (c) Chi dan mau hé s6 tham.
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Ving Ss(1/m) Sy Eff.Por Tot.Por
[ ] 1E-5 0,2 0,15 03
1 1E-8 0,2 0,15 03
— 1E-7 0,15 0,15 03
1 0,0001 0.15 0,20 0.3
N | 0,0005 0.2 0,25 0.3
— 0.0012 02 0.25 03
| 0.006 0.2 0,25 03

Hinh 4. Chi s6 nha nu6c dan hdi (Ss) va trong luc (Sy) cho TCN Pleistoxen.

- Bién bo cap (RECHARGE): ! o - = - i
dya trén nghién ciru cia [15] bang 280 ‘
cach dua trén ket qua anh vien
tham d6i véi cac yéu t6 anh huong
dén bd cap cho NDP va chong |.q
chép cac lop anh bang ky thuat
GIS. Va dé xéac dinh trong so mot
cach khac quan cac yéu t6 anh
huéng dén bd cap NDP thdng qua
mo hinh phan tich tht bac AHP
[22]. Bén canh d6 con kiém chimg
lai két qua bang phuong phap dong
vi phéng xa ®H dé dam bao chinh %gﬁ e
Xac. [ GrRr: 0:23 -0,
Hinh 5. Phan viing bd cap cho NDD cho | | M Thuy vve
vung PBSH dua trén chi s6 GRI duoc
phan chia thanh 3 khoang: 0,08-0,16;
0,16-0,23 va 9,23-0,30. Céc khoang cach [
nay twong tmg véi lugng b cap cho NDD
188, 372 va 429 mm/nam [15].
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- Céc diéu kién bién: Diéu kién bién ciia md hinh da dugc chi ra & muc 3.1, két hop véi
cac nghién ctru méi nhat. D6i véi viec md phong hé théng song Hong - Thai binh dugc mo
phong bang diéu kién bién téng hop (General Head Boundary), strc can long séng duoc xac
dinh theo [8, 14]. Bién béc hoi st dung dit liu khi twong tai cac tram thuy van. D6i véi diéu
kién bi€n déa goc duge xac dinh dya theo nghién clru gan day [14]. Diéu kién bién bién dua
theo gia thiét ciia [23] voi gia thiét ring TCN m& rong ra bién do ddc diém d9 cao va chiéu
sdu phan bd cua day TCN Pleistoxen va diéu nay dan dén mé phong diéu kién bién loai I,
muyc nudc xac dinh (Constant Head - CH) véi gia tri myuc nude dua theo myc nude bién tai
tram Hon Déau ¢ ngoai khoi [19].
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Hinh 7. Bién da gdc khu vuc nghién ciu.

- Hién trang khai thac NDD: Tinh h‘ll"lh khai thac NDD tir 2005 dén 2018 duoc minh hoa
trong hinh 7 va bang 1 cung cap chi tiét vé luu lugng khai thac NDD toan PBSH. Tong lugng
khai thic NDP ving DBSH vao khoang 1.500.000 m®/day.
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Bang 1. Hién trang khai thic NDD viung PBSH [19].
Luu lwgng khai thac (m%/day)
TT  Tinh/Thanh Phé Khai thac cho cong Khai thac cho sinh Téng cong
nghiép hoat
1 Ha Noi 670931 124180 795111
2 Vinh Phuc 25900 52361 78261
3 Hung Yén 114490 7800 122290
4 Bic Ninh 42000 55118 97118
5 Hai Duong 18200 64259 82459
6 Ha Nam 5508 24492 30000
7 Hai Phong - - 34000
8 Thai Binh 9546 39454 49000
9 Nam Dinh - - 120000
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Hinh 8. Phan b6 cac giéng khai thic NDD (cac giéng khai thac duoc biéu thi bang cac chdm do) [19].

3. Két qua va thao luin

3.1. Két qua chinh ky mé hinh

MBS hinh dugc hiéu chinh bang cach so sanh muc nudc ngam tinh toan tir mé hinh voi
muyc nude quan trac dugc thyc té. Viée higu chinh dugc thyc hién voi bai toan khong on dinh
va sir dung cac cong trinh quan tric quéc gia va dia phuong (Ha Noi, Nam Dinh, Thai Binh)
tir 1/1996 dén 1/2020. Sé lidu quan trac dugc st dung dé hiéu chinh gdm 128 cong trinh quan
trac trong d6 co 88 cong trinh quan trac tang Pleistoxen va 40 cong trinh quan tric trong ting
Holoxen (Hinh 10). Dit liéu quan tric dugc tong hop dinh ky va luu trir tai Trung tam Quy
hoach va Diéu tra tai nguyén nuéc qudc gia (NAWAPI) [24]. Két qua so sanh myuc nude
(MN) theo thoi gian tai cdc cong trinh quan tric tang Holoxen (Hinh 8, Hinh 11) va Pleistoxen
(Hinh 9, Hinh 11) duoc trinh bay ¢ duéi day, danh gia sai s giita muc nude mo hinh va myc

nudc quan trac thuc te.
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Hinh 9. Sai sb gilta myc nudc mo hinh va myc nudc quan trac thuc té trong TCN Holoxen tai cac
cong trinh quan tric: (a) P.33b; (b) P.76b; (c) P.77b; (d) Q.108.
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Hinh 10. Sai sb gitta myc nuéc mé hinh va myc nude quan tric thuc té trong TCN Pleistoxen tai cac
cong trinh quan tric: (a) Q.23; (b) P.32a; (c) P.35a; (d) Q.109a.
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Hinh 11. Céc cong trinh quan tric duoc sir dung dé chinh 1y mé hinh ving DBBB.

Két qua danh gia sai sb giita myc nudc thuc do va muc nude quan tric & cac ¢ong trinh
quan trac vung PBSH duogc thé hi¢n ¢ hinh 11.

EI Layer 1 - Lop cach nuéc 1
El Layer 2 — TCN Holocen

| lzl Layer 3 — Lop cach nwoc 2
El Layer 4 — TCN Pleistocene
E] 95% khoang tin cay

8.72

-1.28

F--] 95% khoang do

I:I Céc diém do

-11.28

Muc nude tinh toan (m)

-21.28

-31.28
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Hinh 12. Danh gi4 sai s6 gitta muc nude quan tric thuc té va mé hinh trong cac TCN ving DBSH:

(a) TCN Holoxen; (b) TCN Pleistoxen.

Két qua danh gia sal s6 mo hinh cho TCN Holoxen cho thiy sai s6 16n nhét 13 4,4m tai
cong trinh Q.64, sai s6 nho nhét 1a 0,0m tai cong trinh Q.85, sai s0 trung binh 12 0,197m va
sai s6 trung binh tuyét d6i 1a 0,861, sai sb trung binh quan phuong NRMS la 5,9%. Déi véi
TCN Pleistoxen tai cac cong trinh quan tric cho thiy sai s6 10n nhat 1a 4,96m tai cong trinh
quan tric P.73a, sai s6 nho nhit 0,0m tai Q.164a, sai sb tuong ddi 0,067m, sai sb tuyét ddi 1a

0,906m, sai s6 quan phuong NRMS 2,621%.
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Phan 16n cong trinh chinh ly nam trong khoang tin cay 95%. Mac du mét s6 cong trinh
thé hién gia tri sai sd tuyét d6i dang ké, nhung gia tri twong d6i van nam trong gidi han chap
nhan dugc, dam bao ngudng cho phep. Dang chu y, nhiing cong trinh nay nam gan cac bai
giéng khai thac, noi ma su chénh Iéch gitra dir liéu quan trac va mo hinh thuong xuyén la
dang ké. Do d6, viéc danh gia sai s6 mo hinh xac nhan rang tat ca cac tham so déu dap mg
tiéu chi do tin cdy da thiét 1ap. Viéc danh gia sai s6 mé hinh chi ra rang tit ca cac tham sd
déu thoa man tiéu chi do tin cay cua mo6 hinh. Tuy nhién, khi so sdnh v&i cac moé hinh trude
day duoc phat trién cho PBSH [8], m6 hinh hién tai thé hién d¢ tin cdy cao hon.

3.2. Pdnh gid vai tro bo cdp cho NDP trong viéc hinh thanh trit heong khai théc viing
DBSH

Sau khi hiéu chinh mé hinh, goi Zone Budget dugc sir dung dé tinh toan can bang nudc
mot cach c6 hé thong cho ca TCN Holoxen va Pleistoxen trong toan bd ving DPBSH. Thong
qua viéc phén tich cac thanh phan dugc tinh toan trong can bang nudc, xac dinh dugc luong
bd cap NDb ddi v6i viée hinh thanh trix luong khai thac NDD trong khu vuc. Két qua tinh
toan can bang nudc cho hé thong TCN dugc thé hién ¢ thang 3, thang 6, thang 9 va thang 12
(xem bang 2, hinh 12). Trong d6 tir thang 10 téi thang 3 ndm sau twong g v6i mua kho,
trong khi d6 tir thang 4 dén thang 9 13 twong ng voi mua mua.

Bang 2. Thanh phan tham gia vao can bang nuéc trong trim tich Dé tir ving DPBSH (%), lugng chay
Va0 va chay ra dugc thé hién bang diu (+) va dau (-) tuong tng.

Ngu(“)n

Théng Trit lwong tinh ~ Bién LK B6cap  Béc hoi séng P4 gbc
Théng 3 13,94 -2,47  -29.86 39,47 -21,32 -0,48 0,71
Théng 6 -29,32 -152  -1838 67,63 -28,34 9,51 0,43
Théng 9 -53,56 1,25 -1391 66,67 -15,63 17,36 0,32
Théng 12 59,74 -1,86  -22,67 9,75 -33,24 -12,25 0,53
80.00 ¢
%

60.00

40.00

20.00 I

0.00 I N R
Bién I I Dégéc

-20.00 cap

LK
-40.00 Béc hoi

-60.00 Trit lwong tinh
B Théng 3 Théng 6 MThiang9 M Thang 12 Yeuto
Hinh 13. Thanh phan tham gia vao can bang nuéc TCN Dé tir theo thoi gian. Trong d6 lwong chay
vao va lugng chay ra dugc thé hién bang diu (+) va déu (-).

Hinh 13 minh hoa céc thanh phan tham gia vao c4n bang nudc trong hé thong cac TCN
bé tir. Cac gia tri duong biéu thi dong chay vao dong gop cho hé théng TCN, trong khi cac
gia tri 4m thé hién dong chay ra, Dya theo két qua trén co thé rit ra mot s6 két luan nhur sau:

- Lugng bd cap tir nude mua, nudce tudi, nuwdce trén mat cho NDD tram tich Dé tir vao tat
c4 cac mua trong nam, vao mua mua 16n nhét 18n dén 67,63% tong luong bd cap, twong Gng
5.607.868 m®/ngay. Nguoc lai vao mua kho, luong bd cip nay con 9,75%, tuong Gng
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664.326m3/ngay. So sanh giita luong bd sung cho NDD va lugng khai thac trong khu vuc co
thé théy duoc su chénh 1éch dang chu y dac biét 1a vao mua kho. Trong giai doan nay, luong
nude ngam khai thac 16n hon lugng bo cap NDD tryc tiép twong tng, do d6 chi ¢ thé xam
pham vao trr lvong tinh trong cac TCN lam suy giam myc NDD déc biét ¢ nhiing khu vuc
¢ cach xa song. Su xuét hién cac phéu ha thip muc nudc trong ving DPBSH cang 1am 15 cho
van dé nay.

- Luong xam pham trit lugng tinh do thanh phan khai thac chiém 13,91% dén 29,86%
va do thanh phan bdc hoi chiém 13,94%-59,74%, tuong tng tir 705.693 m¥ngay dén
4.085.660 m*/ngay.

- Luong cap nude séng cho NDD tram tich Dé ti chi x4y ra chu yéu vao mua mua chiém
ttr 9,51% -17,36%, tuong tmg tir 788.378 m3/ngay t6i 1.928.548 m3/ngay.

- Luong bd cép tir bién da gdc ven ria dong bang, lugng nude thoat ra bién xdy ra & tat
ca cac mua trong nam nhung voi lugng khong 16n.

3.3. Thao ludn

Déi vai cac két qua nghién ciru bo cap trude day cho ving DPBSH, luong bo cép tir nude
mua vao tram tich Dé tr chiém 56,28% (vao mua kho) va 84,11% (vao mua mura) [8]. Tuy
nhién, nghién ctru nay chua c6 s6 lidu dé kiém ching truc tlep luong thAm nay do d6 d tin
cay chua cao. Sau nay cac nghién ctru va k¥ thuat dong vi bén phat trién, viéc ing dung dong
vi bén xac dinh lugng b cap cho NDP ngay cang phd bién tuy nhién méi chi c6 thé ap dung
cho nhitng khu vuc nho. Nghién ciru [15] da két hop k§ thuat GIS, vién tham dé phan ving
bd cap cho nudc dudi dat va co chinh 1y so sanh vai cac két qua dong vi trude day. Két qua
nghién ctru trong bai bao da sir dung ban dd phan ving bd cap tir vién tham, GIS di dugc
hiéu chinh véi cac két qua dong vi va két qua xac dinh luong chay vao tir bién da goc [14]
dé 1am thong s6 dau vao cho mo hinh tinh todn cén bang nudc cho toan ving PBSH. Két qua
cho thiy luong bo cap tdi da vao mua mua (khoang 68% lugng mua) va téi thiéu trong mua
khé (khoang 10% luong mua) ngoai ra vao mua mua, hé thong song bod sung cho cac TCN
Dé tir khoang 9,51-17,36% vao tong can bang nude ciia cac TCN Dé tir. C6 thé thdy su khac
biét kha rd gitra luong b6 cap xéac dinh boi nghién ciru trude day [8] va két ‘qua nghién ciu
nay do thoi diém trudc do6 viéc ung dung cac ky thuat ddng con han ché, thiéu cac sb liéu dé
kiém chimg. Nhu vay, co thé thay rang nghién ciru nay da ké thira cac két qua nghién ctru
truéc day bang cac thi nghiém tryuc tiép dé 1am thong sé dau vao va hiéu chinh mé hinh do
d6 cho két qua tin cdy cao hon.

4. Két ludn

Nghién ctru dénh gia xac dinh ngudn bd cap cho NDD la rat quan trong cho viéc quan ly
khai thac NDD hiéu qua va bén vitng. Cac nghién ctru dinh luong gan day vé cac ngudn bo
cap NDD & cac khu vuc khac thudc ving PBSH hd tro cho viée danh gia chinh x4c hon vé
anh huong cta chung trén quy mé dong bang thong qua viéc ap dung phuong phap mé hinh.

CaC ngudn nude dong gop chinh cho hé théng cac TCN Pé tr ving PBSH bao gom
ngudn nudc mua, nudce tudi va nude song. Thém vao do la dy b6 cap cho TCN tir cac da gdc
nut né o ria ddng bang 14 nhitng ngudn bo cap dang ké.

Su bo cap NDD d6i v6i cac TCN tram tich Dé tir trong DPBSH thé hién sy bién ddi theo
thoi gian va khong gian. Lugng bo cap tir nudc mua, nude tudi, nude trén mat cho nude dudi
dat tram tich B¢ tir duoc dién ra tat ca cac mua trong nam, 16n nhét vao muia mua, chiém dén
67,63% tong luong bo cap twong tng 5.607.868 m3/ngay Nguoc lai vao mua kho, luong | bd
cap nay con 9,75%, tuong ung 664.326 m3/ngay. Luong b céap tir nude séng cho NDD tram
tich Pé t& chi xay ra chi yéu vao mua mua chiém tir 9, 51-17,36%, tuong Ung tu
788.378m3/ngay toi 1928548 m®/ngay. Lugng b cap tir bién d4 gbc ven ria dong bang, lugng
nude thoat ra bién xdy ra & tat ca cac mua trong nam nhung voi lugng khong 16m.
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Viéc khai thac nude ngam ving DBSH duy tri 6n dinh quanh nim. Trong muia kho, trix
lwong khai thac cha yéu 1y ra tir triv luong tinh trong TCN do thanh phan khai thac chiém
13,91% dén 29,86% va do thanh phan bdc hoi chiém 13,94-59,74%, twong tmg tir 705.693
m®/ngay dén 4.085.660 m3/ngay.

Mot sb han ché cia mo hinh 12 mé hinh vung DBSH do do kich thudc Iudi con kha thod
do d6 sai s muc nude ¢ khu vuc bai giéng tap trung 1a khong thé tranh khoi. Do chinh xac
ctia mo hinh phu thudc nhidu vao két qua chinh 1y cta cac cong trinh quan tric, tuy nhién
mat do cac giéng quan tric con thua chu yéu phan bd theo tuyén phuc vu nghién ctru dong
thai.

Tuy con tdn tai mot s6 han ché trén, nghién ctru cling da xem xét dugc mdt cach toan
dién vai trd ctia ngudn bd cap tu nhién nude dudi dat ciing nhu cac thanh phan cung cap khéc
cho két qua tin cdy gitp cho cong tac quan 1y, khai thac bén virg va bao vé méi trudng NDD
trim tich D¢ tt DBSH.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: B.T.T., L.V.H.; Xu ly, phén tich s6
liéu: N.T.H., N.T.K.H.; m6 hinh hoé: B.T.T., L.V.H.; Viét ban thao bai bao: B.T.T., T.D.T;
Chinh stra bai bao: P.Q.N.

Loi cam on: Bai bdo ¢ su dong gop tur ngudn dit liéu va mé hinh dy bao thudc dé tai “Nghién
ctru nghién ctru phat trlen phan mém phan tich dir liéu 16n ho tro cong tac canh bao va du
bao tai nguyén nudc”. Ma so: TNMT.2023.04.07 cua Trung tdm Canh bao va Dy bao tai
nguyén nudc.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién clru trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Application of MODFLOW for determining the role of
groundwater recharge to groundwater exploitation in the Red
River Delta Plain

Dang Tran Trung®*, Nguyen Thi Hoa!, Nguyen Thanh Kim Hue!, Tran Duc Thinh?, Le
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Abstract: The Red River Delta (RRD) with a population of over 22.9 million people has a
total discharge of approximately 1.5 million m3/day, mostly Quaternary sedimentary
aquifers. However, certain localities, such as Hanoi and Nam Dinh, have exhibited signs of
over-exploitation, leading to associated issues such as depletion, land subsidence, saltwater
intrusion, and water pollution. Groundwater recharge in the study area primarily originates
from various sources, including rainfall, irrigation, and the river system. A three-
dimensional (3D) model was developed in the study area using the MODFLOW code and
calibrated by comparing simulated and observed groundwater levels. The calibrated model's
budget code revealed that recharge from rainfall, river, lake to the Quaternary aquifers
occurs throughout the year. The maximum recharge occurs during the rainy season
(approximately 68% of rainfall) and the minimum during the dry season (approximately
10% of rainfall). During the rainy season, the river system primarily recharges Quaternary
aquifers, contributing around 9.51-17.36% to the aquifers' total water balance. Year-round,
the flow from fractured aquifers at the plain's edge to Quaternary aquifers is consistently
small. To ensure sustainable management and exploitation of groundwater, the role of
natural recharge sources for groundwater needs to be comprehensively assessed in this
study.

Keywords: Groundwater recharges; Groundwater Modelling; Quaternary aquifer; Red
River Delta.
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Bai bdo khoa hoc
Nghién ctru chat lwgng nwéc song Thwong doan qua dia ban tinh
Bac Giang

Tran Thi Minh Hing'*, Doin Dirc Duy?, Nguyén Manh Khail

1 Khoa Méi truong, Trudong Pai hoc Khoa hoc Ty nhién, DPHQGHN, 334 Nguyén Trai,
Thanh Xuén, Ha N6i; hangttm@hus.edu.vn; nguyenmanhkhai@hus.edu.vn

21 ién doan Quy hoach va Diéu tra tai nguyén nudc mién Bic, 10/42 Tran Cung, Cau
Gidy, Ha Noi; doanduy121@gmail.com

*Tac gia lién h¢: hangttm@hus.edu.vn; Tel: +84-902168955

Ban Bién tdp nhan bai: 9/2/2024; Ngay phan bién xong: 12/3/2024; Ngay dang bai:
25/6/2024

Tém tit: Nghién ciru danh gia chat luong nude co y nghla rit quan trong trong phat trién
bén vimg, vira dam bao sy phat trién kinh té, bao vé moi trudng va an ninh ngudn nudc.
Nghién ctru nay duge thyc hién nham danh gia chat lugng nude song Thuong doan chay
qua tinh Bic Giang. 16 mau nudc duoc ldy doc theo chiéu dai ciia séng tir diém dau tinh
Bic Giang (khu vuc cau Luong) dén diém cubi tinh (khu vuc xa Dong Viét, Yén Diing)
trong hai mua mua va mua kho dé phan tich cac chi tiéu pH, DO, TSS, COD, BODs, N-
NH4*, P-PO4*, phenol, coliform va mdt s6 kim loai nang, so sanh vdi quy chuén Viét Nam,
danh gia qua chi tiéu chat luong nuéc (WQI). Két qua cho thiy nude séng dang c6 dau hiéu
bi nhiém COD, BODs, N-NH.", phenol, coliform bdi hoat dong nhén sinh dic biét vao mua
kho. Gia tri WQI ¢ xu hudéng giam hon trong mua khd véi ¢6 3/16 diém quan tric c6 gia
tri WQI < 20 (muc d6 mau do). Chat lugng nudc séong Thuong doan qua tinh Bic Giang
chiu anh huéng manh boi cac hoat dong phat trién kinh t& xa hoi cho thay cac bién phap
kiém soat va quan 1y chat luong nude song trong quy mé luu vuc can dugc chu trong dé
phong ngira va giam thiéu 6 nhiém méi truong nudc séng Thuong.

Tir khoa: Bic Giang; Song Thuong; O nhiém; Chét lugng nudc; WQI.

1. M& dau

Chét luong nudc mit cta cac dong song ngay nay ngoai su chiu anh hudng boi cac qua
trinh tu nhién trén Iuu vuc séng con chiu tdc dong manh bdi cac hoat dong nhan sinh nhu
hoat dong sinh hoat cua nguoi dan, hoat dong do thi, hoat dong cong nghiép, chan nudi va
trong trot trong ndng nghiép [1]. Do vay, viéc nghién ctru quan tric va danh gia chat luong
nuoc mat co vai tro quan trong trong cong tac quan ly va bao vé chat luong nudce cac thuy
vuc song [2]. Tai Viét Nam, trong nhleu nam qua mgc du cong tac quan trac, kiém soat chat
luong moi truong da co nhiéu cai tién nhung chat lugng nude tai cac dong song, thuy vue
van c6 nhiing thay d6i 16n theo chleu hudng suy giam veé chat luong. Tai luu vie séng Hong
- Thai Binh, diém ndng nhét vé 6 nhiém chit lugng nudc 1a hé thong thuy nong Bic Hung
Hai v6i chidu dai khoang 200 km chay qua cac dia phuong gom Ha Noi, Béc Ninh, Hung
Yén va Hai Duong, chét luong nude bi 6 nhiém nghiém trong vé chat hitu co, chit dinh
dudng va vi sinh véi trén 90% céc vi tri quan tric trén hé théng co nhiéu thong sé quan tric
vuot ngudng C cia QCVN 08-MT:2023/BTNMT. Mirc dd 6 nhiém dic biét gia ting vao
mua khd, do hé¢ thong thuy ndng duge dong lai dé trir nudc cho tudi tidu, gay tinh trang nudce
bi & dong cac chat gdy 6 nhiém. Mot s6 nghién ctru khac tai Viét Nam va qudc té ciing cho
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thay chat lugng nudce tai cac song co su thay d6i theo muia [3, 4]. Nguyén nhan 6 nhiém dugc
chi ra 1a do phai tiép nhan mot luong qua 16n nude thai sinh hoat, cong nghiép, lang nghé tir
cac hoat dong trong luu vuc song. .. chua duoc xir Iy, x4 truc tiép tir cac ngudn thai trong luu
vuce vao cac dong song [5, 6].

Dé danh gia chat luong nudc song mot cach don gian va khai quét true quan, chi s6 WQI
thuong dugc st dung dé khai quat hoa két qua phan tich dwa trén cac chi tiéu don 1é. Trén
thé gidi, r;hiéu nuée ap dung WQI dé danh gia va phéan loai mirc 6 6 nhim ngudn nudc nhu
My [7], An Do [8], Malaysia [9], Nigeria [10], Trung Qudc [11]. Tai Viét Nam, Tdng cuc
moi truong di ban hanh Quyét dinh sb 879/QD-TCMT hudng d?m tinh toan chi s6 chat lugng
nude vao ndm 2011 va duoc sira ddi thay thé bang quyét dinh sb 1460/QD-TCMT nam 2019
[12]. Tiép theo d6, Tai Viét Nam di c6 nhiéu nghién ctru str dung chi sé WQI dé danh gia
chat luong nude [13-19].

Séng Thuong 13 phy luu cta song Cau. Dong chinh song Thuong c6 chiéu dai 157km,
trong do chiéu dai chay qua dia ban tinh Bic Giang khoang 80 km. Song Thuong cung cap
ngudn nude sinh hoat va néng nghiép cho Bic Giang va cac ving lan can. Tuy nhién, qua
trinh d6 thi hoa, cong nghiép hoa phat trién manh khién song Thuong da va dang phai d6i
mat vdi nguy c6 6 nhlem rat cao. Nam 2023 thu tudng chinh phii da ban hanh quyét dinh phé
duyét Quy hoach tong hop luu vuc song Hong - Thai Binh [20]. Do d6, viéc nghién ciru danh
gia chit luong nude song Thuong doan chay qua dja ban tinh Bic Giang 1a can thiét cho cong
tac quan ly moi truong nudc séong Thuong qua Bic Giang néi riéng va toan bo luu vyc néi
chung.

2. P6i twong va phwong phap nghién ctru

2.1. Gioi thiéu khu viec nghién ciru

Muoi sau diém diém 1y mau nuée song Thuong dugce lay doc theo dong chdy tir huyén
Lang Giang dén huyén Yén Duing v6i s6 lugng mau phan bd qua cac don vi hanh chinh nhu
trong Bang 1 va so d6 vi tri 1y mau trong Hinh 1. Céc vi tri iy mau dugc ky hiéu tir STO1
dén ST16, tai mdi vi tri mau nudc duoc lay trong 2 thoi diém gdm mua mua (thang 8) va
mua kho (thang 4).

Bang 1. Vi tri cac diém 1y mau nudc song Thuong trién dia ban tinh Bic Giang.
TT Ky hi¢u Vi tri Huyén X Y

Huyé_n Lang 633378 2372503
Giang

Huyén Yén Thé 624501 2371466

1 STO1 Lay nudce song Thuong khu vyre Cau Ludng

Liy nuéc song Thuong chay qua dia phén thi
trin Bb Ha

Lay nudc séng Thuong doan chay qua xa Hop
DPuec, huyén Tan Yén

Lay tai nhap luu giita ngdi Phi Khé va séng
4 ST04 Thuong chay qua xd Qué Nham, huyén Tan  Huyén Tan Yén 622868 2359668

2 ST02

3 STO3 Huyén Tan Yén 621145 2365979

Yén
5 STO5 La}i nudc song Tl}uong chay qua dia ban xa Huy(;_n Lang 623165 2357683
Xuén Huong, huyén Lang Giang Giang

Lay nudc song Thuong gan cong ty TNHH
6 ST0O6  MTV Phan dam va hoa chit Ha Bic, phuong  TP. Bic Giang 624073 2356991

Tho Xwong, TP Bic Giang

Liy nuéc song Thuong, diém cdp nudc cho
7 STO07 nha may nude sach Bic Giang - Phuong Tho
Xuong.
Lay nu6c song Thuong thudc dia phan phuong TP. Bic Giang
My Do, TP Bic Giang

Lay nudc song Thuong gan cau Xuong Giang, TP. Bic Giang
sau Tram bom nudc thai cia TP Bac Giang.

TP. Bic Giang 623953 2355748

8 ST08 622570 2353461

9 ST09 623048 2352959
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TT Ky hiéu Vi tri Huyén X Y
Lay nuéc doan nhap luu gitta kénh va song  TP. Bic Giang
10 ST10 Thuong thudc xa Song Khé, TP Bac Giang 623143 2352393
11 ST11 La}i nudce kLenh f:anh khu cong nghiép xa Song  TP. Bac Giang 623407 2351122
Khé, TP Béc Giang )
12 ST12 La}i nudce kLenh f:anh khu cong nghiép xa Song ~ TP. Bac Giang 622919 2350200
Khé, TP Béc Giang )
13 sT13  LAynudcsong Thuong taixa Tan Tien, huyén o van ping 625370 2350628
Yén Dung )
Lay nudc tai diém nhép luu gitra kénh va song
14 ST14 Thuong gan tram bom xa Tan Tién, huyén Huyén Yén Dling 627696 2350043
Yén Diing
Lay nudc song Thuong thude xa Buc Giang,
15 ST15 huyén Yén Diing sau diém hop luu voi song Huyén Yén Diing 635591 2343826
Lgc Nam .
16 STI6 Y IMOCSone Thuong thude xa Dong Viet, 1o van Diing 636669 2340456
uyén Yén Diing
358 68 78 88 98 08 18 28 38 48 58 68 78 88 598
204 04
u o
84 - ) . e _ 8
7 ";‘) 0 if & B i
wwﬁq ~ _ {
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Hinh 1. So d6 vi tri 1iy mau nudc song Thuong doan chay qua dia ban tinh Bic Giang.

2.2. Lay mau va bao quan mdu

Cac mau nudc tai cac vi tri thé hién trén Hinh 1, dugc lay voi tung thoi diém voi sy lap

lai 3 lan. Chai nhya dung mau (PE) duoc rira sach, lam khé dung dé luu trit mau, tién xu Iy
mau theo cac hudng dan véi ting chi tiéu phan tich. Mau dugc bao quan trong tu lanh trong
phong thi nghiém.

2.3. Phdn tich chdt lrong nuéce

pH, DO duogc do ngay tai hién truong trén thiét bi (TOA: WQC-24) dd duogc hiéu chinh

true khi st dung. Tong chit ran lo ling (TSS), COD, BOD, N-NH4*, P-PO4*, Coliform
duoc x4c dinh theo cac phuwong phép tiéu chuin Viét Nam. Phenol duoc xac dinh theo hudng
dan ctia EPA-Method 8041:1994 [21]. X4c dinh cac kim loai ning trong nudc theo phuong
phap [22]. Két qua phan tich dugc danh gia va so sanh v6i QCVN 08:2023/BTNMT - Quy
chuan k¥ thuat quéc gia vé chat luong nudc mit (Bang 2, Bang 3) [23].
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Béang 2. Gia tri gidi han cac thong so trong nude mat phuc vu cho viéc phan loai chat luong song,
suoi, kénh, muong, khe, rach va bao vé mdi truong song dudi nudce.

Mikc phian

. A DO COD BOD Colifom
ll:zfl;cl?;;c pH mgy 1SS (molL) (Mmgll)  (mgll)  (MPN)
A 6-85 >6 <25 <10 <4 <1.000
B 6-8,5 >5 <100 <15 <6 <5.000
c 6-8,5 >4  >100vakhongco <20 <10 <7500

rac noi
D <6 hoic >8.5 >2 > 100 va c6 rac ndi >20 >10 >7.500

Bang 3. Gia tri gioi han ti da céc thong sb anh hudng tdi sirc khoe con nguoi.

TT Théng sb Pon vi Gia tri giéi han
1 NH,* mg/L 0,3
2 Fe mg/L 0,5
3 Ni mg/L 0,1
4 Zn mg/L 0,5
5 As mg/L 0,01
6 Phenol ua/L 5,0

Két qua phan tich chat luong nudc tai cac thoi diém dwoc so sanh voi QCVN
08:2023/BTNMT: Quy chuan ky thuat qudc gia vé chéat lugng nudc mit, loai B ding cho
muc dich san xuét cong nghiép, nong nghiép sau khi ap dung cac bién phap xir Iy phu hop;
loai C dung cho muc dich san xuat cong nghiép sau khi ap dung cac bién phéap xur Iy phu hop
[23].

2.4. Xir Iy 56 liéu va phan tich thong ké

Két qua phan tich chat lugng nudc tai cac thoi diém duoc 1y gia tri trung binh giita 3
1an lap lai. Sy so sanh chét luong nudc giira cac vi tri nghién ctru duge st dung phép so sanh
trong phén tich thong ké (Tukey’s pairwise comparison) trong phan mém Minitab phién ban
19.0, su khéc bi¢t c6 y nghia dugc ghi nhan véi xac suat nho hon 0,05 [24].

2.5. Panh gid chdt lwong nwde

Danh gia chét luong nude dya trén chi sé chat lugng nudc (WQI). Chi sb chat luong
nudc (WQI) dugc trinh bay trong cong thire so [11]:

_WQlIX(HLWQI..)MX(HPIIWQI...)MXF ‘ g }
wel= 100 100 100 kZHWQI.V |zi:1WQIV @

Trong d6 WQI 12 két qua tinh toan ddi v6i thong s6 nhom I (pH); WQI, 1a Két qua tinh
toan ddi voi thong sé nhom II (thude bao vé thuc vat); WQIi 13 két qua tinh toan dbi véi
thong sb nhém III (cac kim loai nang); WQIy 1a két qua tinh toan déi v6i thong s6 nhom IV
(thong s6 hitu co va dinh dudng); WQIv 1a két qua tinh toan dbi voi thong sé nhém V (thong
sd vi sinh).

- Tinh toan WQI d6i véi cac thong sé BOD, COD, NHa, TSS, PO4 Coliform theo cong
thurce:

Qi — Qi
WQISI = m(sm ~C, )+ s )

Trong d6 BP; 1a nong d06 gi61 han dudi cua gia tri thong sO quan tric dugc quy dinh tuong
g v&i muc i; BPi+1 12 ndng do gidi han trén cua gia tri thong sé quan tric duoc quy dinh
tuong ung voi muc i+1; ¢i la gia tri WQI ¢ muc i da cho trong bang tuong g véi gia tri
BPi; gi+1 1a gia trt WQI ¢ murc i+1 da cho trong bang tuong tmg voi gia tri BPiv; Cp la gia tri
cua thong s6 quan trac duoc dua vao tinh toan; Cac gia tri BPi, BPis1, G, Qi+1 duoc tra tir
Quyét dinh s6 1460/QD-TCMT.



Tap chi Khi twong Thity van 2024, 762, 27-37; doi:10.36335/VNIJHM.2024(762).27-37 31
- Tinh toan WQI d6i v6i DO theo cong thirc:
Qix—G;
WQISI = 22— (C,—BP.,)+q, €)

i+1 i
Trong d6 Cyp 14 gia tri DO% bé&o hoa; BPi, BPi+1, i, gi+1 1a cac gia tri twong ung voi mirc
I, 1+1; Cac gia tri BPj, BPi+1, Qi, (i+1 dugc tra tir Quyét dinh s 1460/QD-TCMT tuong Gng
v6i bang s6 hiéu cua DO béo hoa.
- Tinh todn WQI cua pH: Tuy thudc vao gia tri cua pH ma ap dung cong thuc 2 hoac 3
va bang quy dinh cac gia tri BPj, i d6i v6i thong sd pH.

2.6. Xay dung ban do chat lwong mirde

Pé xdy dyung ban dd chét lugng nude, nhém nghién ctru da thuc hién cac budc:

- NOi suy, phan tich: st dung phuong phap noi suy lan cén gan nhat gia thiét 1a cac gia
tri ciia cua cac mau do phan b trong khong gian & khoang cach gan s€ tuong tu hon so voi
cac mau do & cac vi tri co khoang cach 16n hon [25]. Céc s6 liéu chat luong nudc va WQI tai
cac diém nghién ctru dugc tinh todn ndi suy cho cac doan song lan cén, két qua s€ co dugc
cac gia tri ndi suy cho céc vung lan cén.

- Hién thi ban d6 chat luong nudc: Str dung phan mém GIS dé chong chép cac 16p ban
d6 khac (thury hé, dia giéi hanh chinh...) cung két qua noi suy dé tao nén ban dd chit luong
nude va duoc td mau voi mau tuong (mg véi gia tri chat lugng nudc.

3. Két qua nghién ctru va thio luin

3.1. Chdt lwong nuéc séng Thiwong thong qua mét sé chi tiéu phdn tich

Két qua phan tich chét lwong nude song Thuong miia mura va mua kho tai 16 diém nghién
ctru doc son Thuong doan chay qua tinh Bac Giang dugc thé hién trong Hinh 2 va Bang 4.

87 60

T -l
j: TELIE b

Mua Khé Mua Khé Mua Khé Mua Khé Mua Mua Khé Mua Kho Mua Kho Mua
pH Do NH4+ Fe TSS coD BOD

wn

Gia tri
~
Gia tri (mg/L)

Hinh 2. Biéu dd gia tri cac thong sb quan tric trong mua mua va mua kho véi cac vi tri quan tric
trén séng Thuong doan chay qua tinh Bac Giang (pH theo thang do pH; DO (mg/L), NH4* (mg NH,*-
N/L), Fe (mg/L); céac thong s6 con lai don vi tinh ghi trén biéu d6). Khac biét gitta cac chir vdi cung
thong s chét luong nudce theo mua c6 ¥ nghia thong ké (p < 0,05).

Bang 4. Két qua phan tich mau nudc mia mua va mua kho tai song Thuong doan chay qua tinh Bic Giang.

Mua mua Mua kho
STT Ky hi¢u P-POs Ni Zn As  Phenol Coliform P-POs* Ni Zn As  Phenol Coliform
mg/L MPN/100mL mg/L MPN/100mL
1 STO1 0,04 <0,01 <0,031 <0,002 7,11 3500 0,31 <0,01 0,060 <0,004 7,33 5400

2 ST02 0,04 <0,01 <0,031 <0,002 5,52 3000 0,04 <0,01 0,240 <0,004 5,21 4300
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Mua mua Mua kho
STT Ky hi¢u P-POsZ Ni Zn As  Phenol Coliform P-POs* Ni Zn As  Phenol Coliform
mg/L MPN/100mL mg/L MPN/100mL
3 STO3 0,09 <0,01 <0,031 <0,002 4,32 3200 0,11 <0,01 0,223 <0,004 4,51 3800
4 STO04 0,06 <0,01 <0,031 <0,002 6,12 4100 0,16 <0,01 0,247 <0,004 6,22 3100
5 STO5 0,04 <0,05 <0,031 <0,002 7,24 3600 0,21 <0,01 0,097 0,031 7,34 2600
6 STO06 0,03 <0,05 <0,031 0,003 7,36 3400 0,09 <0,04 0,126 <0,004 7,11 3300
7 STO7 0,01 <0,05 <0,031 <0,002 6,60 3700 0,09 <0,04 0625 <0,004 6,82 2900
8 STO8 0,03 <0,05 <0,031 <0,002 6,87 2300 0,25 <0,04 0,240 <0,004 6,51 8600
9 ST09 0,27 <0,05 <0,031 0,003 9,51 3300 0,09 <0,04 1,047 <0004 911 9500
10 ST10 0,22 <0,05 <0,031 0,044 11,3 1800 0,57 <0,04 1,240 0,051 12,30 19000
11 ST11 0,09 <0,01 <0,031 0,052 10,7 1500 0,06 <0,04 0,037 0,058 10,82 18000
12 ST12 0,03 <0,01 <0,031 0,070 9,97 2700 0,23 <0,01 0,281 0,068 9,34 3700
13 ST13 0,01 <0,05 <0,031 <0,002 5,40 1900 0,08 <0,04 <0,001 <0,004 5,30 4300
14 ST14 0,04 <0,01 <0,031 0,066 5,21 2800 0,15 <0,01 0,263 0,066 5,33 19000
15 ST15 0,08 <0,01 <0,031 <0,002 5,79 3300 0,07 <0,01 0,425 0,046 5,46 2100
16 ST16 0,13 <0,01 <0,031 <0,002 6,10 3700 0,09 <0,01 0,468 <0,004 6,21 2500
QCVNO08:2023/ BTNMT
An toan véi con nguoi 0,1 0,5 0,01 5,0 - 0,1 0,5 0,01 5,0 -
- - - - <1.000 - - - - <1.000
B - - - - <5.000 - - - - <5.000
Cc - - - - <7.500 - - - - <7.500
D - - - - >7.500 - - - - >7.500

Ghi chi: QCVN 08:2023 - Quy chuan k¥ thuét qudc gia vé chat luong nudc mit [23].
(@) Gia tri pH, DO

Gia tri pH déc trung cho d¢ axit/bazo cua nude, DO thé hién ham luong 6xi hoa tan
trong nudc. Qua két qua phan tich cho thiy gia tri pH (c4 mia mua va mua khd) déu nam
trong khoang 6-8,5 dap tmg yéu cau loai B (QCVN08:2023/BTNMT), ham luong oxi hoa
tan da s6 & murc > 5 dap ung yéu cau loai B (QCVN08:2023/BTNMT). Tuy nhién vao mua
mua c6 3 diém tai TP Bic Giang (ST10, ST11, ST12), 1 diém tai huyén Yén Diing (ST13)
c6 DO >4 dat mic C va vao mua kho c6 2 diém tai TP Bic Giang (ST10, ST11) ham lugng
DO & mirc > 4 dat mirc C. Ham lwong DO tai mot s6 diém quan trac trén song Thuong, nhét
1a vao mua kho, c6 gia tri nho (trong khoang 4-5 mg/l) cho dau hiéu canh bao chét lugng
nude song Thuong dang c6 du hiéu bi anh huong cua hoat dong x4 thai trén luu viuc song.

(b) Tong chat ran lo ling, COD va BODs

Két qua quan tric TSS, COD, BODs vao mua mua thé hién trén Hinh 2 va Béang 4 cho
thdy, Tong chat ran lo ling (TSS) trong nudc song Thuong chay qua tinh Bic Giang giao
dong trong khoang 31 dén 45 mg/l. Gia tri COD va BODs lan luot tir 13,0 dén 48,2 mg/l va
6,9 dén 23,6 mg/l. Vao mua kho, TSS trong nudc song Thuong giao dong trong khoang 32
dén 55 mg/l. Gia tri COD va BODs lan luot tir 16,2 dén 48,7 mg/l va 9,7 dén 30,3 mg/l. Ham
luong TSS va Fe trong nudc song Thuong vao mia mua cao hon cd ¥ nghia théng ké (p <
0,05) so voi cac gia tri tuong ung néu trén trong nudc song Thuong vao mua kho (Hinh 2)
do anh hudng ctia dong chay bé mit kéo theo cac chat phu sa va ham lugng twong dbi sit hoa
tan chay theo bé mit vao ngudn nudc mit song Thuong. Céc thong sé COD, BODs vé mua
kho cao hon muia mua ¢ ¥ nghia thong ké (p < 0,05) cho thdy chat lvong nudc song Thuong
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d3 va dang chiu tic dong boi hoat dong dan sinh, phat trién kinh t& x3 hoi trén dia ban tinh
Bac Giang. Vao mua mua, cac dong thai va nudc mat song Thuong bi pha loang it nhi€éu nén
gia tri BOD, COD c6 xu huéng gidm hon nhiéu so véi mua kho.

(c) Ham luong N-NH4* va P-POs*

Trén song Thuong doan qua tinh Bic Giang vao mua mua c¢6 4/16 va mua kho ¢6 11/16
diém 14y mau c6 ham luong N-NH4* vurot muc gidi han tdi da cho phép anh hudng téi strc
khoe con ngudi theo sy so sanh véi ngudng gidi han tdi da cho phép quy dinh boi QCVN
08:2023/BTNMT. Céc diém c6 ham luong vuot cao nhat da sé déu phan bd gan khu vuc
thanh ph6 Bic Giang (ST6-ST12). Ham luong P-PO4% ¢6 gia tri lan luot vao mua mua tir
0,001 dén 0,270 mg/I va mua kho tir 0,041 dén 0,57 mg/l (cao nhit do duoc tai vi tri ST10
vao mua kho, 0,570 mg/l).

(d) Kim loai nang va phenol trong nudc

Ham lugng Fe, As, phenol do dugc viao mua mua lan luot c6 16/16, 4/16, 15/16; mia
kho 1an lugt 12/16, 5/16, 15/16 diém 1dy mau co6 ham lugng vugt mirc gidi han t6i da cho
phép anh hudng tdi strc khoe con ngudi theo su so sanh voi ngudng gidi han ti da cho phép
quy dinh bo1 QCVN 08:2023/BTNMT. Ham lugng cac kim loai Ni, Zn c6é xu hudng cao hon
trong mua kho nhiing cac gia tri quan tric duoc d6i voi cac thong sé nay déu nim trong
ngudng an toan khi so véi gia tri gidi han t6i da cho phép twong ting quy dinh boéi QCVN
08:2023/BTNMT.

3.2. Chi 56 chdt lwong nudc séng Thirong

Chi s chat luong nudc séng Thuong (WQI) doan chay qua tinh Bic Glang dugc tinh
toan dya vao gia tri clia cac thong s6 pH, DO, COD, BOD, NH4*, TSS, P-PO4%. Két qua tinh
toan thé hién trong Bang 5.

Bang 5. Chi s6 chét lugng nudc song Thuong doan chay qua tinh Bic Giang.

o WQI Mau WQI Mau
T Vit Miua mua Mua kho
1 STO1 74 Vang 66 Vang
2 ST02 83 Xanh |4 cay 75 Xanh 4 cay
3 STO3 80 Xanh 4 cay 77 Xanh 4 cay
4 STO04 71 Vang 69 Vang
5 STO5 68 Vang 77 Xanh 14 cay
6 STO6 73 Vang 74 Vang
7 STO07 72 Vang 73 Vang
8 STO08 75 Xanh 14 cay 53 Vang
9 STO09 61 Vang 44 Da cam
10 ST10 61 Vang 11 bé
11 ST11 61 Vang 14 bé
12 ST12 75 Vang 70 Vang
13 ST13 77 Xanh 14 cay 64 Vang
14 ST14 77 Xanh 14 cay 16 bo
15 ST15 74 Vang 80 Xanh l4 cay
16 ST16 71 Vang 76 Xanh 4 cay

banh gia chét luong nudc song Thuong qua WQI méc du da phan két qua tai cac diém
quan trac & ngudng cao, nhung chét luong nude mua kho kém hon mua mua. Vao mua mua,
két qua 16 vi tri nghién ctru cho thiy chit luong da s6 & mirc tot va trung binh. Vao mua kho,
12/16 vi tri nghién ctru cho két qua nudc co chat luong nude & mirc tot va trung binh; 4/16
vi tri cho két qua nudc co chit luong xdu va kém (11-44). Cac vi tri c6 chi sé6 WQI thap tap
trung khu vuc déng dan cu nhu thanh phd Bic Giang cho thiy chat luong nude song Thuong
bi anh huong manh boi hoat dong sinh hoat va phat trién kinh té x hoi.
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3.3. Bdn do chat lwong nuée séng Thirong

34

Qua két qua tinh toan gia tri WQI tai bang 5 két hop vé6i phuong phap noi suy phan tich
d3 xdy dyng duogc ban dd chat luong nudc song Thuong thudc dia phén tinh Bic Giang vao
mua mua (Hinh 3) va mda kho (Hinh 4). Qua hai ban d6 cho thiy dugc phan nao thyc trang
chit lvgng ngudn nudc khu vuc nghién ciru. Tir diém dau song Thuong tai huyén Lang Giang
dén diém cudi tai huyén Yén Diing dic biét vao mua kho, chat luong nudc bién doi tir tot dén
x4u do chiu sy tac dong cta nudce thai sinh ra tir cadc khu vuc dong dan cu va cac khu, cum

cong nghiép.
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4. Két luan

Chét luong nuée séng Thuong doan chay qua dia phan tinh Bic Giang c6 déu hiéu bi
anh huong boi cac hoat dong phat trién kinh té - x hoi, sinh hoat. Vao mua mua, TSS trong
nuée song Thuong chay qua tinh Bic Giang giao dong trong khoang 31 dén 45 mg/I, gia tri
COD va BOD:s lan luot tir 13,0 dén 48,2 mg/l va 6,9 dén 23,6 mg/l. Vao mua khd, TSS trong
nuéc song Thuong giao dong trong khoang 32 dén 55 mg/l, gia tri COD va BODs lan luot tir
16,2 dén 48,7 mg/l va 9,7 d&n 30,3 mg/l. Ham luong TSS va Fe trong nuge song Thuong vao
mua mua cao hon so voi mua khé do anh hudng cua dong chay bé mit kéo theo cac chat phu
sa va ham luong sét hoa tan chay theo bé mit vao ngudn nude mit song Thuong. Chi s6 chit
luong nudc WQI doan qua cac khu vuc ¢ hoat dong cong nghiép va khu dan cu tap trung
c6 gia tri thap hon cac khu vuc khac. Chat luong nudc séng Thuong chiu anh huéng manh
boi cac hoat dong phat trién kinh té x4 hoi qua d6 cho thiy cac bién phap danh gia chat luong
nude thuong xuyén, nghén clru twong quan gitra cac thong s6 quan trac tinh toan stc chiu
tai, kiém soat va quan 1y chét luong nude séng trong quy mo luu vie can duoc chi trong dé
phong ngura va giam thiéu 6 nhiém mai truong nudc séong Thuong, dic biét doan qua khu
vuc tinh Bac Giang.

DPong gop cia tac gia: Xay dung y tudng nghién caru: T.T.M.H.; thu thép, lay mau, xu 1y s6
liéu: B.N.D., T.T.M.H., N.M.K_; Viét ban thao bai bao: T.T.M.H., D.N.D.; Chinh stra bai
béo: T.T.M.H., N.M.K.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ déu, khong duge sao chep tir nhimg nghién ciu trude day,
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Research on water quality of Thuong river in Bac Giang Province

Tran Thi Minh Hang!*, Doan Duc Duy?, Nguyen Manh Khai!

! Faculty of Environmental Sciences, University of Science, Vietnam National University,
Hanoi, 334 Nguyen Trai Road, Thanh Xuan district, Hanoi, Vietnam;
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2 Northern division for water resources planning and investigationi, 10/42 Tran Cung
Road, Cau Giay district, Hanoi, Vietnam; doanduy121@gmail.com

Abstract: Water quality assessment research is very important in sustainable development,
supporting economic development while ensuring environmental protection and water
security. This study was conducted to evaluate the water quality of the Thuong River section
flowing through Bac Giang province. 16 water samples were taken along the the river from
the beginning of Bac Giang province (Luong bridge area) to the end of the province (Dong
Viet and Yen Dung communes) during the rainy and dry seasons to analyze some
parameters including pH, DO, TSS, COD, BODs, N-NH4*, phenol, coliform and some
heavy metals, then compared the outcomes with Vietnamese regulation and calculated water
quality index (WQI). The results show that the Thuong River water is showing signs of
contamination with COD, BODs, N-NH4", phenol, and coliform due to human activities,
especially in the dry season. WQI values tend to decrease during the dry season with 3/16
monitoring points having WQI values below < 20 (red color level). The water quality of the
Thuong River section flowing through Bac Giang province is strongly influenced by socio-
economic development activities, which shows that measures to control and manage river
water quality in the basin scale need to be focused to prevent and reduce environmental
pollution of Thuong River water.

Keywords: Bac Giang; Thuong River; Pollution; Water Quality; WQI.
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Tom tat Nghé nudi ca tra & An Giang da phat trién manh mé trong thoi gian qua. Vivay,
nhu cau nude cho nudi ca twong ddi 16n. Tuy nhién, nguoi ta thuong bo qua nhu cau nudc
cho linh vyc niy trong quy hoach ngudn nuéc. Va nhiéu tac gia tinh nhu cau nudc cho nudi
¢4 ciing thudng bo qua viée tinh lwong bdc thoat hoi nudc va thim trong qua trinh nudi. Vi
véy, nghién clru nay ap dung phuong trinh bbc hoi mit nudec mé cia FAO dé tinh luong
nude t6n thit do bay hoi va thim cho cac m6 hinh nudi ca tra thong qua cac dir liéu khi
tuong. Két qua nhu cau nude nudi theo truyen théng 14 301.650 m3/ha/nam (2 Vu nuoi),
theo VietGAP cao gap 10 lan nudi truyén thong. Nhu cau nudc toan tinh 1a 1,8 ti m®, trong
d6 nudi theo VietGap 1,2 ti m® va nudi ca giéng 0,46 ti m°. Tén that do bay hoi 1a 10.950
m3/ha/nam cho nudi ca gidng va 18.250m%ha/ndm nudi theo VietGap va do tham 1a 50.400
m3/ha/nam. Thé tich bun thai toan tinh nim 2020 13 6.324.578,2 m®. Két qua chi ra rang ton
that do thdm va bdc hoi trong ao nudi nhé so v4i nhu cau nude ciia qué trinh nudi. Vi vay,
viéc giam nhu cau nudc ¢ thé ap dung cac quy trinh van hanh tiét kiém nudc trong mua
kho 1a diéu kha dé dang.

Tir khéa: Cé tra; Nhu cau nudce; Bde thoat hoi nudc; FAO-PENMAN; Bun thai.

1. Gioi thi¢u

Do dia hinh va séng rach thuan lgi nén nghé nudi ca tra ciia tinh An Giang phat trién
manh mé& va 12 mot trong nhiing tinh dtng dau ca nude vé san lugng, nganh nay c¢é kim ngach
xuat khau hon 280 triéu USD mdi nam, véi toc d6 tang truong 8-9% hang nam [1]. Dién tich
mit nudc nudi ca tra ciia tinh nim 2017 14 1.711 ha, san luong dat 285 nghin tan, ting 18
nghin t4n so v&i nam 2016 [2]. Nam 2020, di¢n tich gidm so v&i ndm 2017 chi c6 1.235 ha,
trong d6 nudi theo tiéu chuan VietGAP 1a 386 ha. Nhiéu chinh sich dwoc UNND tinh ban
hanh, trong s6 d6 c6 quy hoach viing nuéi. Dé img dung cong nghé cao giai doan 2020-2030,
chi rd tinh can tap trung nuoi ca cho xuét khau, ap dung k¥ thuat nudi ca tién tién [3]. Du
kién dién tich mat nude nam 2030 14 3.000 ha [4], trong d6 c6 1500 ha nudi bing cong nghé
cao va c6 hé théng xtr Iy nudc thai. Vi vay, nhu cau nudc cho nghé nudi thity san cia tinh s&
tang rat nhidu so trudc day. Nudi cé tra theo hinh thirc tham canh gay ra anh huong dang ké
dbi v6i méi truong vi sy tich tu thie dn du thira, phan bon, va chat thai trong nudc va 16p
day [5]. Bong thoi, cac chat doc hai phét sinh tir qua trinh phan hay chét thai va tao 1am moi
truong nudi dan suy thodi, din dén nguy co nhidm bénh, thiéu oxy, va 6 nhiém doc hai tir cac
chat chuyén hoa [6-7]. Nghién cau [8], mi vu nudi ¢ ning suat dat 300 tAn/ha s& phat sinh
khoang 2.677 tan bun udt (twong duong 937 tan bun khd) va 77.930 m® nudc thai vao mai

Tap chi Khi tigng Thity vin 2024, 762, 38-46; doi:10.36335/VNJHM.2024(762).38-46  http://tapchikttv.vn/
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truong [8-9]. Ct mdi kg cé tra soc dugc san xuat thi c6 khoang 2,5 dén 9,1m?® nuéc duoc
thai ra song Mé& Kong [10—12]. San xuat ca trén mdi kg tao ra 0,2-0,5 kg bun khd [13]. Bun
tich tu & day ao nudi ca tra chira 6%N va 57%P [14]. Trong nghién ctru [15], khi thuc hién
thi nghiém nudi cé da tron, da dugc chira rang dé dat dugc mirc san lugng trung binh khoang
200 tan c&/ha véi hé sb Chuyen d6i thirc an FRC 1a 1,6, can phai sir dung it nhét 320 tan thac
an va thai ra moi truong 256 tan chat hiru co. Mic du ngudn nudc ¢ quy mé khu vuc va hang
nam hién nay van du cung cap cho viing nghién ctru nhung ngudn nudc vao mua kho rat han
ché & mot sb huyén va chat lugng nude ngay cang suy giam & nhiéu noi. Nguyén nhan la do
phan 16n hé théng kénh rach dugc quy hoach va xay dung dé phuc vu cho trong lua va giao
thong thity. Nhu ciu nudc cho nudi trong thuy san chwa dugc xem xét, dong chay thiét ké
kénh khong thé theo kip sur gia tang nhanh chong cua dién tich ao nudi. Vi vay nhiéu kénh
rach bi 6 nhiém, luu théng tic nghén anh huéng dén kha ning tu 1am sach cua hé thong séng
rach va de doa tinh bén vitng cta nghé ca. Dé c6 co s cho quan 1y va xir 1y bun tir viée nudi
c4 tra, cong tac dau tién 1a phai xac dinh khdi lwong bun sinh ra trén mot don vi dién tich
cling nhu tinh toan chinh x4c nhu cau nudc cho nganh ma biy lau nay nguoi ta thudng bod
qua linh vuc nay trong quy hoach ciing nhur b qua viéc tinh lugng bdc thoat hoi nudc va
thAm trong qua trinh nudi. Do d6, bai bao nay s& cung cip cach tinh toan chi tiét nhu cau
nuoc trong linh vue NTTS nham hd trg cho dia phuong trong cong téc quy hoach ngudn nudc
cling nhu thiét ké, nang cap lai hé thong kénh rach. Day la viéc lam rat can thiét.

Céc nghién ciru khac nhau trén toan thé giéi da chung minh rang phuong phap Penman-
Monteith (PM-FAO56) 13 md hinh phd bién nhat dé xac dinh bdc thoat hoi nudc ET, [16—
21] va n6 phu hogp cho mét sb ving [22—25]. Phuong trinh Penman-Monteith dugc tich hop
vao nhiéu loai phan mém va da dugc hiéu chinh bang nhiéu loai may do khac nhau. M6 hinh
Penman duoc stra doi bai T6 chire Luong thuc thé gidi va da dugc ap dung trong cac dy &n
quan Iy va phat trién thay loi. Nhiéu nghién ciu da st dung phuong trinh Penman-Monteith
dé udce tinh luong bdc thoat hoi nudce vi tinh tng dung phé bién cia né. Phuong phap Penman
(PM) udc tinh ET, can bon thong sb: nhiét ¢ khong khi, do am tuong d6i, toc do gi6 va buc
xa, nhitng thdng sb nay c6 thé khong c6 sin & moi noi [26]. Trong mit nudc mé ao hd, bdc
hoi 1a thanh phan chinh cua can bang nudc ma hiém khi duoc do truc tiép dac biét 12 & cac
nude dang phat trién. Mot luong 16n nhiét tir cac ving dat khd nong bén canh s& lam ting
dang ké toc do bay hoi bé mit cia cac co thé nudc bén canh. Su bay hoi cua nude trong dat
bi anh huong boi cac twong tac phirc tap gitra yéu cau khi quyen (d6 am, nhiét do, buc xa,
gid) va cac co ché van chuyén noi bo trong dat ngoai cac tinh chat cua dat (vi dy, khd nang
khuéch tan hoi nudc, nhiét va thay luc) tit ca déu dugc két ndi manh mé. Bat trong méi lién
két thuy luc véi ngudn nude thong qua sy khuéeh tan hoi nudc. Vi vay, rat khé dé ude lugng
su bay hoi ctia nu6c ao hd bang cac phwong phép thong thudng. Do dé, bdc thoat hoi nudc
cho a0 nudi s& dugc xac dinh bang mé hinh toan ciia Penman trong nghién ctu nay.

2. Phuong phap nghién ciru

2.1. Phuwong phdp nudi cd truyén thong

Ca tra chu yéu dugc nudi trong ao thudng dugc tha véi mat do cao (khoang 60-80
con/m?) va nudi trong khoang 6 thang, dat trong lugng thu hoach khoang lkg. Dit trong ao
phai nao vet bun day, phoi day ao. Trong thang dau cho ca an thirc an cong nghiép, tir thang
thir 2 tré di an thirc an ndu chin do ngudi nudi tu ché bién. Nhu cau nude cho nudi trong thuy
san phu thudc vao mua vu, loai ca va phuong phap nudi. Pa sé nguoi dan & An Giang nudi
ca tra theo phuong phap truyén thong, hang nim nudi 2 dot, mdi dot kéo dai 5-6 thang. San
lugng ca giong kéo dai 90 ngay. Do sau cua a0 nudi ca tra va ca giong tir 1,5-2m. Nguoi nudi
ca xuat khau can thay nude 10 ngay/lan moi lan thay 33-50% lugng nudc ban dau. Dbi véi
san xuat ca glong, thay nuéc hang tuan va m01 lan thay 50% lugng nude ban dau [27]. Nhu
vdy, tong nhu cau nudc cho nudi ¢4 tra bao gdm: Lugng nudc can thiét dé cai tao ao trudc
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khi tha gidng; Luong nudc can thiét trong ao; Nude dugc thay trong qua trinh nudi; Luong
nudc boc hoi & mat nudc; Ton that nude do tham.

2.2. Nubi ca theo tiéu chudn VietGAP

Nam 2008 1a thoi diém bat dau cua viéc khoi du Chuong trinh VietGAP nhdm day
manh thyc pham sach va an toan [28]. Sang kién nay ciing bao gom ca linh vuc NTTS. Viéc
ap dung tiéu chuan VietGAP trong viéc nudi ca khong chi dap tng nhu cau cua thi truong
ma con gitp ting cudng chudi gid tri cia nganh nudi ca tir giai doan trang trai d&én ché bién,
ddng thoi déng gop vao su phét trién bén vitng caa nganh nudi cé tra. Tuan thu VietGAP la
nén tang dé doi hoi nguoi nudi ¢4 tra thuc hién céc tiéu chuan qudc té nhu Global GAP, BAP,
ASC. Khi thuc hién VietGAP thanh cong, ngudi nudi sé dat dugc nhitng loi ich cu thé cho
ban than va céc bén lién quan.

Hon 30% dién tich dugc ap dung mé hinh VietGAP. Piém khac biét so voi phuong phap
nudi truyén thong 13 yéu ciu ao sau hon (2-3 mét) va thay 1/3 luong nude mdi ngay. Céc yéu
cau nay da lam gia ting dang ké nhu cau nudc so véi cach nudi truyén thong. Hién tai, dién
tich 4p dung tiéu chuin VietGAP ting 1én 80% [29]. Pé tinh nhu cau nudc cho cac mé hinh
nudi ca tra, dir liéu st dung nude nén duge phén tich chinh xac. Trong d6, mdi thanh phan
duoc chuan hoa thanh mm twong dwong véi 10 m® trén 1 ha dién tich ao. Cu thé nhu sau:

Nuéc can thiét dé cai tao ao trude khi tha giéng: nude duge bom vao ao & muc nudc
0,3-0,5 m, ngam ao tir 5 dén 7 ngdy, sau d6 rat hét nuéc hoan toan.

Q cai tao a0 = 500mm (@D)]
Luong nudc can thiét dé nudi ca (Q can) & muc nude H 1a 2 m.
Q can nudi = 1000H 2)
Tong luong nudc duge thay trong mot vu nudi:
Q thay nudc = n.a; 3

Trong d6 ai 1a s6 lugng nudce thay thé; n 14 sb 1an thay nuéc.

Téng nhu cau nudc cho cac ao nudi ¢ tra trong nam (2 vy/nam):

Qtong (m ) 2 [Qcal tao ao + Qcan nuoi T chay nuorc] Qmua + Eboc hoi T Stham (4)

Trong d6 Qmua la lvgng mua nam; Epéc noi 1a luong nude mét di do bay hoi mdi nam;
Sthim 12 luwgng nude that thoat do tham mdi nam.

Téng nhu ciu nudc cho ving nghién ciru duoc wée tinh cho ca md hinh nuéi truyén
théng va nudi theo tiéu chuan VietGAP s& bang nhu cau nudc nudi 1 ha nhan véi dién tich
canh tac thyc té clia viing nghién ctru. Luong nudc cai tao ao va nudce thay moi phu thude
hoan toan vao phuong phap nudi. Luong nude can lay vao ao nudi phy thudc vao do sau
mong mudn va thong s0 nay udc tinh kha dé& dang. Thuat ngir phtrc tap nhat 1a ton that do
bay hot, yéu cau phai c6 mo hinh de tinh toan. Trong cac vung nudc 16 thién nhu ao nu6i ca,
bdc hoi 1a mot trong nhitg yéu té quan trong ciia can biang nudc va duge Penman (1948)
thiét 1ap qua cong thirc bén dudi [30]:

Ep( mm j: A(Ta) R, +———f, (e —¢,) 5)
month ) A(Ta)+y A(Ta)+y

Trong d6 Rn = birc xa (mm d1); Ta (K) = nhiét d§ khong khi; e, = ap suét hoi thuc té
(hPa); e * = ap suat hoi bdo hoa (hPa) tai Ta; fy 1a téc do gid.

fu (M/s) = 0,26 (1+ 0,54 u2) (6)

Trong d6 Uy 1a van toc gi6 (m/s) cao 2m so v6i mat dat.

Theo FAO, cach tinh lugng nudc that thoat do tham cho ha/nam:

Sp (m®) = Rsp x 10.000 (m?) x 360 (ngay) ’ (M
Theo FAO, Rsp(m/ngay) 1a ty 1€ ton that do tham tinh (mm/ngay) tir dat ao thuc té khao

Sat.

2.3. Phuong phap tinh toan luwong bun sinh ra trong ao nudi ca Tra
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Thé tich bun day ao tinh bang cong thtic:
= Sxh (8)
Trong dé V 14 tong thé tich bun ddy ao (lugng bun tuoi) (m®); S 1a dién tich day ao (m?);
h 1a chiéu cao cua 16p bun (m).

3. Két qua nghién ciru

3.1. Xdc dinh luvong bun day tir ao nudi ca tra

Luong bun tich tu trong ao nudi dugc xac dinh theo thoi gian cho ca 3 hinh thirc nuoi
(Bang 1). Két qua cho thay rang nuéi ca theo phuong phap truyén thng tich tu luong bun
trong ao nudi trung binh khoang 2,541 m®ha mdi vu, trong khi 4p dung phuong phap
VietGAP, luong bun tich tu trong ao nudi ting 1én dén 3,926 m*/ha. Trong trudng hop nudi
cé giéng, lwong bun trung binh trong ao dat 410 m%/ha.

Béang 1. Luong bun tich tu theo thoi gian trong ao nuoi ca tra cho mdt vu nuoi.

Nudi VietGAP Nuébi truyén théng Sén xuit c4 gibng
Thoigian  Buntichty  Thétichbun  Buntichty Thétichbun  Bun tich ty Thé tich
(ngay) (cm) (m®ha) (cm) (m*/ha) (cm) bun (m¥ha)
30 1,6 370,8 1,8 290,2 15 220,7
60 5,9 623,90 4,7 570,7 2,8 370,5
90 18 1.324,86 12 1.102,3 9,3 410,8
120 24 1.724,86 19 1.6234
150 36 2.825,82 25 2.130,7
180 42 3.926,79 32 2.541,8

Néu udc tinh cho toan tinh An Giang, lugng bun thai do nudi cé tra sé la 6.324.578
m®nim (Bang 2). Nguon chit thai doc hai nay hién nay van chua dugc xir 1y triét dé va thai
vao song rach trong khu vuc. Theo két qua diéu tra, chi cd 14/50 ho nuéi ao da thiét 1ap hd
chira dé xtr 1y nude thai va bun thai. Nhitg kho khin trong khau xay dung hé thong xir 1y
nudce thai hién nay 1a khong c6 dién tich dat tréng; thiéu thiét bi xur 1y dat hiéu qua cao; chua
c6 cong nghé xur 1y, cach van hanh hé théng phu hop. Chat thai tir viéc nubi trong thuy san
bao gom céc phan tir nhu thire an du thira bi phan huay, thudc khéang sinh, voi va cac khoang
chat khac. Trong do6, chat thai tir cac hé thong ao nudi cong nghiép co thé chira dén hon 45%
Nitrogen va 22% chit hiru co, tao ra hguon gay o nhiém mai truong va lam tang nguy co lay
lan cac bénh trong méi truong nudi trong. Luong ca chét ciing 1a mot ngudn gy 0 nhiém
dang ke Luong hao hyt ca trong vu nudi chii yéu ndm trong khoang 15-35% (chiém khoang

70% sb hd), dac biét co6 2/50 ho ¢o ti 1€ hao hut ca la 80%. Moi truong nudc trén sdng Tién,
séng Hau va cac kénh rach da bat dau thé hién rd sy 6 nhidm hiru co tir cac chat thai nay.

Bang 2. Tong thé tich bun thai ra do nudi c tra cho toan tinh An Giang nam 2020.

M6 hinh Dién tich (ha) Thé tich bun Téng V bun thai ra
(m®%/ha/vu) (m*¥nim) (2 vu)
Nubi VietGAP 386 3.926,79 3.031.481,8
Nubi truyén thdng 609 2.541,8 3.095.912.4
San xuét c4 giéng 240 410,8 197.184
Tong 6.324.578,2

3.2. Nhu cau nwdc cho cac moé hinh nuodi ca tra

Dé tinh nhu cau nude cho cac md hinh nudi, trong cong thirc tinh toan (xem phan phuong
phap) c6 dé cap dén chi s6 bdc hoi mit nude va tham. Do d6, bai bao ciing da xac dinh luong
nude bdc hoi theo thang (Bang 3 va Bang 4). Lugng bdc hoi hang nam (Ep) wdc tinh 1a 1.697
mm/nam, twvong duong véi 4,64 mm/ngay. Cac thang c6 lugng bdc hoi cao 13 cac thang mua
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kho tir thang 2 dén thang 5, luong bdc hoi tir 4,9-5,6 mm/ngay. Két qua cua cac thong 56 khi
tuong dugc sir dung trong tinh toan boc hoi mat nude cho ao ca dugce thé hién trong bang bén
dudi.

Bang 3. Két qua tinh toan cac thong s6 khi tugng tir phuong trinh Penman.

Thang bo daér:rn(g;:;()mg T, (K) e* Rn (mm d?) (hP:K'l) A
Giéng 74 297,75 0,326 4,537 0,674 0,143
Hai 79 298,65 0,309 5,073 0,674 0,144
Ba 79 300,65 0,345 5,804 0,674 0,159
Tu 80 301,85 0,362 5,570 0,674 0,167
Nam 79 301,55 0,366 5,585 0,674 0,168
Sau 83 301,05 0,332 4,500 0,674 0,162
Bay 81 301,45 0,336 4,418 0,674 0,160
Tam 80 301,05 0,342 4,856 0,674 0,161
Chin 81 301,05 0,336 3,605 0,674 0,160
Muoi 81 300,05 0,336 4,885 0,674 0,160
Mudi mot 80 301,15 0,310 4,696 0,674 0,147
Muoi hai 77 299,95 0,313 4,223 0,674 0,143

Bang 4. Két qua bdc hoi nudc hing thang tir phuong trinh Penman.
p X an i =y, +0,

Thang uz =Tée dd gio m/s fu=0 Z?rrg}s)o 54u2) (mmI/Erzgay) (mmiﬁléng)

Giéng 0,104 0,274 4,372 133,101

Hai 0,127 0,277 4,900 149,154

Ba 0,127 0,277 5,628 171,319

Tu 0,115 0,276 5,398 164,327

Niam 0,138 0,279 5,415 164,847

Sau 0,173 0,284 4,341 132,134

Bay 0,185 0,285 4,259 129,640

Tam 0,138 0,279 4,685 142,612

Chin 0,162 0,282 3,449 104,997

Muoi 0,127 0,277 4,713 143,459

Mudi mot 0,127 0,277 4,522 137,668

Muoi hai 0,127 0,277 4,054 123,403

Tir d6, nhu cdu nude cho 3 mo hinh nudi ca: truyén thong, VietGAP va nudi ca giéng
dugc xac dinh. Ap dung cong thirc trong phan phuong phép ta tinh dugc lugng nudc can thiét
cho mot hecta trong nam (2 vu) dugc trinh bay trong Bang 5.

Bang 5. Nhu cau nude cho nudi cé tra va san xuit ca gidng nim 2020 (Pon vi: m¥%ha/nam).

Théng s6 Nudi Vietgap Nudi truyén théng San xuit ca gidng
Q caiao 10.000 10.000 10.000
Q cin 60.000 40.000 60.000
Q bée hoi 18.250 18.250 10.950
Q thim 50.400 50.400 50.400
Qthay 3.000.000 200.000 1.800.000
Qmua 17.000 17.000 17.000

Tong 3.121.650 301.650 1.914.350
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Téng dién tich ao nudi ndm 2020 & tinh An Giang 1a 1.235 ha trong d6 ¢6 609 ha nuoi
c4 thuong pham (386 ha nudi theo VietGAP), 240 ha nudi ca gidng. Tong nhu cau sir dung
nude theo tiéu chuan VietGap 13 3.117.513 m®ha/nam, gap 10 lan so v6i canh tic truyén
théng (301. 650m3/ha/n€1m) Nghién ctru cua Vién Thuy loi Mién Nam cho thiy, nhu cau nuéc
cho 1 ha nuoi trong thiy san nudi theo phuong thirc truyen thong 12 304.000 m®ha/nam [31],
con s6 nay gan dung voi két qua cua chung t6i ¢ thoi diém hién tai.

Nhu cau nudc trong linh vue NTTS cho toan tinh An Giang 1a 1,8 ti m?® , trong d6 nudi
theo tiéu chuan VietGap (1,2 ti m3) vanudi ca giéng (0,46 ti m®) tiéu ton rat nhleu nuéc. Phan
con lai 1a nudi theo phuong truyen thong Huyén c6 nhu cau nudc cao nhat 1a Chau Pha. Hau
hét cac ho dan ¢ Chau Phu déu sdng bang nghé nudi ca tra. Theo sau huyén Chéau Phu la
Thoai Son, Chau Thanh, Chg Md&i, An Phu va Pha Tan va cac huyén nay cé nhu cAu nudc
gan tuong duong. Tiép dén 1 cac huyén Tan Chau va thanh phd Long Xuyén c6 nhu ciu
nude twong dbi thip. Ba huyén c6 nhu cu st dung nude khong dang ké 1a huyén Tri Ton,
Tinh Bién va thj x4 Chau Ddc. Nguyén nhén 1a do hé thong kénh muong khong luu thong
nuée nén dong chay khong dén dugc cac kénh ndi dong. Viée nudi ca tra ciing dang gip
nhiéu kho khin ¢ cac huyén nay do thiéu nudc. Nam 2030 du kién bdc thoat hoi nudc theo
vién canh thay doi khi hau s& 1a 5,0-6,0 mm/day. Va nhu cau nuéc cho cac mé hinh nudi ca
tra tinh An Giang sé 1 4.490.308.479m%/nam, tang gap 2,3 1an so v&i nam 2020.

Bang 6. Nhu cau nudc tong cong cho cac mé hinh nudi ca tra & An Giang nam 2020.

Huyén/Tin Truyén théng VietGap Ca gibng Téng NCN
h DT(ha) NCN(m®) DT (ha) _ NCN(md) DT (ha) NCN (m?) (m?)
An Giang 609 183.869.615 386 1.204.956.900 240 459.683.809  1.848.510.324
3500 - — -
uVietGAP Nuoi truyén thong Nudi ca giong
3000

2500

k=
3 2000
& 1500
1000
500 j I
NN 1B

Long Chau AnPhi Tan PhGTan Chdu Tinh TriTén Chdu Cho Thoai
Xuyén  Dde Chéu Phi  Bién Thanh  Méi  Son

Hinh 1. Téng nhu ciu nuéc cho cac phuong thirc nudi ca tra phan theo huyén nam 2020.

4. Két luan

Trén co sé phan tich quy trinh van hanh nudi ¢4 tra hién nay va nudi theo tiéu chuan
VietGAP, chung t6i nhan théy réng nudi cé theo tiéu chuan VietGAP tén nudc gép 10 lﬁn S0
v61 phuong thirc nubi truyén théng va ton that do bay hoi nudc khong dang ké so véi tong
nhu cau nudce cua qua trinh nuéi. Do do, ching t61 dé xuat rang nhu cau nudc c6 thé giam
xubng bang cach diéu chinh cac quy trinh van hanh trong mua kho.

Pau tu vao cac cong nghé nudi cé tiét kiém nude, nhu hé thong tai st dung nudc, hé
théng loc va xir 1y nudc hiéu qua, ¢ thé gitp giam luong nudc can thiét cho cac ving thiéu
nudc.

T6 chirc cac chuong trinh gido duc va tu van cho nguoi nudi cé vé cach quan Iy nudc
hiéu qua va st dung cac phuong tién nudi cé tiét kiém nudc.
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Can xem xét lai va diéu chinh cac chinh sach lién quan dén str dung nudc va nganh nudi
c4 dé dap uimg duoc nhu cau ngay cang ting trong bdi canh thiéu hut nuwdc va bién doi khi
hau.

Bang céch tinh toan chinh xac dién tich ao va mat d6 ca nuéi trong ao, ngudi nudi co thé
kiém soét luong thirc an hang ngayvira di. Diéu nay khong chi gidp giam 6 nhiém, va giam
lwong bin ao ma con gidp tiét kiém chi phi dau tu.

Thong qua cach tinh toan nhu ciu nudc va bun thai, tinh c¢6 thé chii dong trong viéc kiém
tra, danh gia nang luc chuyen tai cuia cac hé thong kénh rach. Tir d6 ¢ ké hoach tu sira, nao
vét, phan ving cap thoat nude cho phi hop.

Bai bao di phén tich lwong nudc can thiét cho viéc nudi ca tra tai tinh An Giang va két
qua cho thiy rang luong nudc nay 1a kha I6n. Bo qua viéc tinh toan lugng nudc ndy trong
quy hoach ngudn nuéc c6 thé dan dén nhing sai 1am trong thiét ké hé thong kénh muong
thity loi va ciing 1am giam hiéu qua caa cac giai phap duoc dé xuit. Bidu nay 1am ndi bat gia
tri ctia bai bao ddi voi doc gia, gidp ho hiéu rd hon vé tim quan trong cua viéc tinh toan va
quan ly ngudn nude trong linh vuc nudi ca.

DPong gop cua tac gia: Xy dung y twong nghién cou: P.T.K.; Xu ly s6 lieu: T.T.HN.,
P.T.K.; Diéu tra phong van: N.V.T., N.D.T.; Viét ban thao bai bao: T.T.H.N., P.T.K.; Chinh
stra bai bao: P.T.K., T.T.H.N.

Loi cam on: Cam on Anh/Chi & Phong Nong nghiép va Phat trién nong thon huyén Chau
Phu da gidi thiéu va tao di€u kién thuan lgi cho nhom nghién ctru dugce khao sat thuc dia tai
vung nuoi ca tra trén dia ban huyén.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Estimating water needs and sludge for Pangasius farming models
in An Giang province

Phan Truong Khanh?, Nguyen Van Tuan?!, Nguyen Duc Thang?, Tran Thi Hong Ngoc'*

! Faculty of Engineering, Technology - Environment, An Giang University, National
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Abstract: Aquaculture in An Giang has developed quite strongly, especially in catfish
farming. Therefore, the water demand for this sector is significant. However, water demand
for this sector is often overlooked in water resource planning. Additionally, many studies
on water demand for fish farming often neglect to account for water evaporation and
seepage losses during the farming process. Hence, this study applies the FAO open
evaporation equation to estimate the amount of water lost due to evaporation and seepage
in catfish ponds using meteorological data. The results showed that the water demand for
one hectare of traditional catfish farming is 301,650m®ha/year (2 crops), VietGAP farming
is 10 times higher than that of traditional farming. Water demand for fish farming in An
Giang province was 1.8 billion m3, of which VietGap farming was 1.2 billion m?3 and
breeding fish was 0.46 billion m3. Loss water due to evaporation for traditional and VietGap
farming was 10,950m®ha/year and 18,250m%halyear respectively and seepage ws
50,400m%/halyear. The average volume of sludge for the entire province is 6,324,578.2 m®
in 2020. The results showed that the water losses due to seepage and evaporation in the
ponds are small compared to the water requirements of the culture process. Therefore, it is
quite easy to reduce water demand in the future by adopting water-saving operating
procedures in the dry season.

Keywords: Catfish; Water demand; Evapotranspiration; FAO-PENMAN; Sludge.
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Tém tit: Hidu suat ctia cac mo hinh hoan Iuu khi hau toan ciu (GCMs) ¢6 thé khac nhau khi
mo phong & cac ving khac nhau. Do 6, viéc Iwa chon mé hinh pht hop cho nghién ciru vé
bién d6i khi hau 1a rat can thiét. Nghién ctru nay duoc thyc hién nham danh gia sy pht hop
ctia 7 GCMs va két qua téng thé ctia chung theo dy an d6i chimg cac mé hinh khi hau lan thir
6 (CMIP6) da duoc chi tiét hoa cho Viét Nam ap dung tai luu vuc thuong nguon song Pong
Nai trong viéc md phong luong mua va nhiét do bé mit. Dir lidu quan tric giai doan
1980-2014 da su dung dé danh gia hiéu qua mo ‘phong cua cac mo hinh théng qua cac chi so
thong ké gom: Do léch phan trim, d6 1éch chuan, sai s6 binh phwong trung binh gdc, hé sO
tuong quan Pearson (R), va biéu d6 Taylor. Két qua cho thdy cac GCMs c6 hiéu suit mo
phong khac nhau theo tuy thudc vao yéu t6 do cao va dia hinh ctia khu vue. Bén canh do, gia
tri trung binh tong thé ctia cac md hinh cho két qua so sanh tot hon so véi timg mé hinh riéng
1¢. Trong d6, nam mo hinh t&t nhat dé md phong nhiét do va lugng mua & khu vyc nghién
cu lan luot la: EC-Earth3-Veg, CanESM5, EC-Earth3, HadGEM3-GC31-LL, va
CNRM-CM6-1-HR.

Tir khéa: Bgén doi khi hiu; CMIP6; Mo hinh khi hju toan cau; So sanh mé hinh khi hau;
Thuong ngudn song BDong Nai.

1. Mé dau

Tir dau thap nén 90 ciia thé ky trudc, nhidu nghién ctru vé higu tmg nha kinh, sy nong 1én
toan cau va nhitng dau hiéu cua bién ddi khi hau (BPKH) da dugc nhiéu nha khoa hoc trén
thé giGi tim hiéu va danh gia. Cho téi nay, Uy Ban Lién Chinh phu vé Bién ddi khi hau
(Intergovernmental Panel on Climate Change - IPCC) da thyc hién 6 1an xay dung va cap
nhat kich ban BPKH thong qua cic cong bd vé bao cdo danh gia BDKH toan cau: Lan thu
nhit (FAR) nim 1990 [1], 1an tht hai (SAR) nam 1995 [2], 1an th&t ba (TAR) nam 2001 [3],
lan thir tr (AR4) nam 2007 [4], 1an tht ndm (ARS) nim 2013 [5] va lan gan day nhit 1a bao
c4o lan tht sau (AR6) nam 2021 [6]. Trong d6, bao cao AR6 duoc xdy dung dya trén cach
tiép can chia sé kinh té - x4 hdi (Shared Socioeconomic Pathways - SSP) v&i 5 kich ban (KB)
chinh gom [7, 8]: (i) “KB bén viing” véi SSP1-1.9 dit myc tiéu dat phat thai rong khi nha
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kinh bang khong (net zero) vao khoang giira thé ky nay va SSP1-2.6 dit muyc tiéu can bang
lwong phat thai va hap thu khi nha kinh (net zero) trong nira sau cua thé ky nay [9]; (ii) “KB
trung binh” SSP2-4.5 mb ta sy phat trién kinh té x3 hoi dira trén xu hudng ctia qua khir va
hién tai, lugng phat thai khi nha kinh & mic trung binh, khong c6 chinh sach khi hau bb sung
[10]; (iii) “KB canh tranh khu vyc” SSP3-7.0 mo ta lugng phat thai cao khong chi do CO2 ma
bao gom ca lugng phat thai sol khi [11]; (iv) “KB bat binh ding” mé ta su chia ré gura cac
khu vuc trén toan cau, gdbm SSP4-3.4 {mg véi blc xa nhiét dat dén mac 3,4 W/m? va
SSP4-6.0 mg véi birc xa nhiét dat dén muc 6,0 W/m? vao cudi thé ky 21 [12]; va (v) “KB
phét trién dya trén nhién liéu hda thach” SSP5-8.5 la kich ban tham chiéu cao, khong c6 su bd
sung vé chinh sach khi hau, chi dat duge trong 10 trinh phat trién kinh té - xa hoi st dung
nhién liéu hoa thach [13].

Céc kich ban BDKH toan cau cho tuwong lai thuong dua trén céc san pham dy tinh tur
nhitng mé hinh khi hau toan cau (General Circulation Models - GCMs). Du 4n d6i ching mo
hinh khi hau CMIP6 (Coupled Model Intercomparison Project Phase 6) da duoc sir dung dé
hd tro cho bao cdo dénh gia 1an thir sau (AR6) ciia IPCC [14]. Cac GCMs cho dén hién tai c6
d6 phan giai twong ddi tho, da sb tir khoang 100km tro 18n [15-17]. Vi vy, dé c6 thé du bao
BPKH ¢ quy mé dia phuong/khu vue, can thiét phai &p dung mot s6 ky thuat chi tiét hoa. O
Viét Nam, b kich ban khi hau phan giai cao (10km) thlet 1ap cho quoc gia duoc xay dung
bang phuong phép chi tiét hoa théng ké hiéu chinh sai s6 va phan ra khong gian BCSD (Blas
Corrected Spatial Disaggregation) phuc vu cho Béo cao “Danh gia tac dong cua bién d6i khi
hau quéc gia va kha nang thich ng” nam 2022 cua Cyc Bién d6i khi hau, Bo TN&MT. bay
13 bao cao cap nhat & cap do qudc gia, xuat ban cung thoi diém cua COP 27, da phat trién mot
tap hop cac kich ban khi hau méi SSP (Shared Socioeconomic Pathways - Kich ban chia sé
kinh té - xi hoi) bang cach sir dung cac CMIP6-GCMs tir bao céo ctia IPCC nam 2021, ¢6 thé
duogc tai va sir dung mién phi [18, 24].

Cac md hinh khi hau toan cau (CMIP6-GCMs) trong béo c4o 1an gan day nhét (AR6) clia
IPCC d sir dung t6 hop ctia hon 50 mé hinh GCMs [14, 19]. Viéc chon GCMSs phu hop dé
chi tiét hoa hon nira 1a rat quan trong dé cai thién do chinh xac ctia két qua thu nhé quy mo
cuc bd va toi uu hoa tai nguyén tinh toan. Tuy thuéc d¢ phén giai khong gian va thoi glan
bién khi hau can danh gia va muc dich ctia nguoi dung, mot s6 nghién ctru di sir dung tir Vai
md hinh GCMs dén vai chuc GCMs, nhu 3 mé hinh [8], 5 md hinh [16], 7 md hinh [20], 16
mo hinh [21], 29 m hinh [22], 31 md hinh [23], 32 mé hinh [14], 35 mé hinh [24], 41 m6
hinh [25]. Nghién ctru nay lga chon 7 m6 hinh GCMs (EC-Earth3, EC-Earth3-Veg,
HadGEM3-GC31-LL, IPSL-CM6A-LR, MPI-ESM1-2-HR, CNRM-CM6-1-HR, va
CanESMS5) da dugc chi tiét hoa cho Viét Nam (CMIP6_VN) [18, 24]. Pay la cac mé hinh da
dugc mot s6 nghién ciru trude day su dung, danh gia la phu hop véi Viét Nam [16, 20, 22], dé
danh gia hiéu suat (46 tin cay va do chinh x4c) trong mo phong luong mwa va nhiét do nham
chon mot b CMIP6-GCMs phu hop cho luu vyc thuong nguoén song Dong Nai. Trong do,
dbi voi yeu t6 nhiét do, nghién ctru da Iya chon nhiét d6 cuc tri (nhiét do tdi cao - Tmax Va
nhiét do t6i thip - Tmin) gan bé mat, vi ddy 13 hai yéu té nhiét d6 thuong duoc sir dung lam di
lidu dau vao cho mo hinh thuy van (nhu mé6 hinh SWAT), cling nhu sir dung trong danh gia
cac hién tuong thoi tiét cuc doan. Két qua ctia nghién ctru nay cung cap thong tin dit liéu dau
vao cho cac mo hinh thuy van, phuc vu cho cac nghién ciru vé BDKH, gop phan hd tro ra
quyét dinh trong quan 1y va phat trién bén vimng luu vuc.

2. Phuwong phap nghién ctru va dir liéu sir dung
2.1. Gidi thiéu vé khu viee nghién citu

Song Déng Nai la song ndi dia dai nhét Viét Nam nam trén khu vuc rong 16n lién quan
dén cac tinh LAam Dong, Pik Nong, Binh Phudc, Binh Duong, Pong Nai, thanh phé Hd Chi
Minh véi chiéu dai 586 km va dién tich luu vuc 38.600 km?. bay la vung c6 tdc d6 do thi hoa
nhanh va dan s6 thanh thi chiém ti 1& cao hon so véi trung binh cua ca nudc. Xét vé mat st
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dung nudc, vung ven bién gom cac tinh Ninh Thuan, Binh Thuén, Ba Ria Viing Tau luén cé
moi quan h¢ chat ch€ voi ngudn nude ¢ luu vuc song nady, dac biét 1a cac cong trinh chuyén
nudce da co va s€ xay dung [26, 27].
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Hinh 1. Vi tri, md hinh d¢ cao s6 DEM khu vuc nghién ctru [28].

Khu vuc nghién ctru nam & thuong nguon cua song Pdng Nai thudc ving Tay Nguyén,
bao phu ving dién tich khoang 11.036 km?, da phan thudc dia ban tinh Lam Dong (chiém
80% dién tich cua toan luu vuc) va vung phu can thudc tinh Bak Nong. Khu vuc gom hai luu
vuc song, trong d6 luu vuce séng chinh Dong Nai bat ngudn tir cao nguyén Langbiang ¢ phia
béc tinh Lam Pdng, chay theo hudng Bac Nam, sau d6 chuyén huéng uén luon theo dia hinh
khu vire nhung huéng chit dao 1a Bong bic - Tay nam va két thuc & diém dau ra ciia song khoi
dia phan tinh Lam Pong. Luu vuc con lai bat ngudn tir cao nguyén Di Linh va két thuc tai hd
thuy dién Ham Thuén - Ba Mi [28].

Phia Bic ctia khu vuc nghién ctru thudc cao nguyén LangBiang (bao phil huyén Lac
Duong va thanh phd Pa Lat), c6 d6 cao thay ddi tir 1.300 m dén hon 2.000 m nhu dinh
Bidoup (2.287 m), LangBiang (2.167 m). Khu vuc trung tdm 1a doi nui thip thudc cao
nguyén Bao Loc - Di Linh, ¢6 d6 cao thay ddi tir 700-1.300 m. Phia Nam 14 viing chuyén tiép
gilta cao nguyén va dong bang vdi do cao thay dbi tir 50-700 m. Vi tri va md hinh d6 cao sb
cua khu vuc nghién ctru duoc thé hién trén Hinh 1. Lugng mua nhiéu nam trén luu vuc bién
d6i tir 1.500-3.600 mm/nam, trung binh khoang 2.500 mm/nam. Trong muia mua, lugng mua
dao dong tir 1.350-3.300 mm, trung binh dat 2.100 mm va mua kho tir 210 dén 530 mm, trung
binh dat 320 mm. Pay 1a ving chiu anh huéng cta khi hau nhiét d6i gié mua bién thién theo
d6 cao, trong nam c6 hai mua rd rét, miia mua tir thang 4 dén thang 11, mua kho tir thang 12
dén hét thang 3 nam sau.

2.2. Phuong phap nghién ciru

2.2.1. Dir liéu quan tric luong mua va nhiét do

S6 luogng tram quan tric khi twong c6 ddy du dit liéu do mua va nhiét d6 nam trong luu
vue con it, mot sb tram mai dua vao hoat dong nén dir liéu chua du dai, do d6 dua vao di liéu
san co cua dia phuong, nghién ciru da tién hanh thu thap s6 liéu thuc do lugng mua va nhiét
d6 ngay (Tmax VA& Tmin) trén luu vuce trong giai doan 35 ndm 1980-2014 tai 4 tram: Dik Nong,
Bao Ldc, Lién Khuong va Pa Lat, vai cao d0 twong ung tai cac khu vuc khoang 600 m, 800
m, 1.100 m va 1.500 m. Céac dir liéu nay duoc thu thap tir cac co quan quan ly ¢ dia phuong
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(S6 Tai nguyén va M6i truong tinh Lam Dong, bai Khi tugng Thuy van Tay nguyén). Phan
b cua 4 tram quan trdc ndy nam phan tan déu trén luu vuc va thude cac vung ¢ do cao khac
nhau nén c6 thé dai dién cho khu vuc nghién ctru, thong tin cac tram quan trac dugc thé hién
¢ Bang 1 va Hinh 1.

Bang 1. Cac tram quan tréc khi tugng trén Iuu vuc da dugce thu thap dir lidu.

STT  Tén tram quan tric P cao tram (M) P cao vung H (m) Kinh d¢ Vi do
1 Tram Dik Nong 631 600 107,68 12,00
2 Tram Bao Loc 840 800 107,82 11,54
3 Tram Lién Khuong 939 1.100 108,37 11,73
4 Tram Pa Lat 1.509 1.500 108,45 11,95

2.2.2. Mo hinh khi hau toan cau

Dir liéu lwong mua va nhiét dd (Tmax, Tmin) gan bé mat cta 7 mé hinh khi hau toan ciu
GCMs trong qua khir (1980-2014) da dugc chi tiét hoa voi do phan giai khong gian 0,1°
(twong tng 10x10 km), 6 phan giai thoi gian ngdy cho toan Viét Nam ké thira tir nghién ciru
“Danh gia tac dong cua bién d6i khi hau qudc gia va kha ning thich ing” [18, 24]
(http://remosat.usth.edu.vn/~thanhnd/Download/dat. GEMMES_WP1). Chi tlet cac mo hinh
GCMs duoc liét ké trong Bang 2. Dé chuyen d6i dir liéu khi hau ving & cip do qudc gia
(multidimension “Netcdf.NC ) sang dit liéu diém (point “Excel.xIs”) tai vi tri toa d6 cua cac
tram quan tric sir dung cong cu “Multidimension Toolbox” trong phin mém ArcGIS 10.2,
nhu luge d6 Hinh 2.
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Hinh 2. Lugc db phuong phap nghién ctru.



Tap chi Khi twong Thity van 2024, 762, 47-61; doi:10.36335/VNIJHM.2024(762).47-61 51

Bang 2. Cac m6 hinh BDKH duoc lya chon trong CMIP6.

uéc gia, tb chac DO phan gisi 6 lwi DO phan giai 6 ludi
TT Tén mé hinh Quocg P phaAn S P RN S

phét trién toan ciu Viét Nam
1 CNRM-CM6-1-HR Phép 1,25°%0,94° 0,10°x0,10°
2 CanESM5 Canada 1,41°x1,39° 0,10°x0,10°
3 EC-Earth3 Chau Au (EV) 0,70°x0,70° 0,10°x0,10°
4 EC-Earth3-Veg Chau Au (EV) 0,70°x0,70° 0,10°x0,10°
5 HadGEM3-GC31-LL Anh 1,88°x1,88° 0,10°x0,10°
6 IPSL-CM6A-LR Phép 2,50°x1,27° 0,10°x0,10°
7 MRI-ESM2-0 Nhét Ban 1,13°x1,13° 0,10°x0,10°

2.2.3. Phuong phap théng ké

Pé danh gia hiéu suit (do tin cdy va do chinh xac) cua cac mo hinh GCMs trong md
phong cac yéu t6 khi tuong so véi gia tri thuc do c6 thé sir dung mot hodc nhiéu chi s6 thong
ké [14, 21, 22, 29]. Trong nghién nay da sir dung cac chi s0 thong ké sau: (i) Do 1¢ch phan
tram PBias (Percent Bias), (ii) Do 1¢ch chuan SD (standard deviation), (iii) Sai sO binh
phu:ong trung binh goc RMSE (root mean square error), (iv) H¢ s6 trong quan Pearson (R),
va Biéu d6 Taylor de so sanh lugng mua, nhi€t d (Tmin, Tmax) trung binh thang cua timg mo
hinh riéng 1¢ v&i s6 lidu thuc do tai cac tram quan trac trong qua khur. Cac chi sO nay thuong
duogc ap dung dé danh gia hiéu xuat mo phong cac yéu td luong mua va nhiét do ciia cac mo
hinh GCMs [29, 30]. Céng thirc tinh ctia chi s6 thong ké nhu sau:

Do 1éch phan trim PBias (Percent bias):

n

2.(0;-P)
PBias = (-=———)x100% 1)

i=1

Do 1éch chuan SD (Standard Deviation):

)

Sai s6 binh phuong trung binh gbc RMSE (Root Mean Square Error):

RMSE = /%i(a -0,) 3)

Heé s6 twong quan Pearson (R):

" (0,—O)(P,—P
é( i —O)(P, —P) (4)

)
[ZL0-0) [z P

Trong d6 O la gi tri thuc do; O la gia tri thyc do trung binh; P 12 gi4 tri mo phong; P 1a
gia tri mo phong trung binh; n 14 s6 luong gia tri tinh toan.

Gia tri R trong khoang tir 0 dén 1, thé hién mdi trong quan giita gia tri thye do va gia tri
mo phong. Néu R gan bang 0, khi do6 két qua dugc xem la khong thé chap nhan hoic do tin
cdy kém. Nguoc lai, néu nhimg gia tri nay bang 1, thi két qua m6 phong ctia mé hinh 13 hoan
hao, nam trong khoang 0,8-0, 9 dugc xem la twong quan manh; 0,7-0,8; 0,3-0,6; 0,1-0,3
twong tmg kha, trung binh va yeu [31].

Biéu db Taylor 1a Cac so d6 toan hoc dugc thiét ké dé biéu thi bang dd hoa nhiing bleu
dién (hodc mé hinh) gan ding nao ciia mot hé thdng, quy trinh hodc hién twong 1a thyc té

R = |(
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nhat. Biéu d6 nay do Karl E. Taylor phat minh vao nim 1994 (xut ban nim 2001) tao diéu
kién thuan loi cho viéc danh gia so sanh cac mo hinh khac nhau [32]. N6 dugc sir dung dé
dinh lwong mirc 46 phu hop gitta hanh vi dwge m6 hinh hoa va hanh vi dugc quan sat theo ba
thong ké 1 hé sb tuong quan Pearson, sai sd trung binh binh phuong géc RMSE va do 1éch
chuén SD. Trong biéu d6 Taylor, hé sé twong quan Pearson do mirc d6 dong dang vé mau
gilta truong mod phong va trudng quan sat, ¢6 lién quan dén goc phuong vi trén biéu do; sai s6
RMSE 1la so nam O gilra trong biéu dd, ty 1€ thuan véi khoang céch tur diém trén truc x dugc
xé4c dinh 13 "diém thyuc do"; va do 1éch chuan SD 1a gia tri nam trén hai truc toa do, ty 1¢ thuan
v6i khoang cach hudng tam tir diém gdc toa do cia biéu do.

3. Két qua nghién ciru va thio luin

3.1. Pdnh gid sw phit hop ciia cdc mé hinh bang chi sé thong ké PBias

Két qua thong ké chi s6 d9 1éch phan trim PBias danh gia sy phit hop ctia 7 md hinh khi
hau toan cadu GCMs va gia tri trung binh tong thé ctia chiing trong mo phong lugng mua thang
(mm), nhiét d6 t6i cao Tmax (°C), nhiét d6 t6i thap Tmin (°C) thang trén luu vuc dugc thé hién
¢ cac Bang 3,4 va 5.

Gia tri PBias trong mo phong yéu té lugng mua ctia 7 mé hinh va gia tri trung binh chung
phan bd theo khong gian tai Pa Lat & d§ cao khoang 1.500 m, Lién Khuong 1.100 m, Bao
Loc 800 m va Pak Nong 600m so voi muc nudc bién nam trong khoang (-0,30) - 0,54, gia tri
in ¢&dm & Bang 3. Trong d6, gia tri cao nhat thudc vé mo hinh EC-Earth3 (PBias = 0,54) tai
Dik Nong, tiép dén 1a mo hinh MRI-ESM2-0 (PBias = 0,33) tai Pa Lat, gié tri in nghiéng
dam gach dudi ciia Bang 3. Trong sé cic md hinh, md hinh HadGEM3-GC31-LL va
CanESM5 cho gia tri PBias thap hon so v6i cac mé hinh con lai dugc thé hién ¢ Hinh 3.

Bang 3. PBias giita gia tri mé phong va thyc do yéu té luong mua (P, mm/théng).

PBias (P, mm)
STT GCMs ,
Pa Lat Lién Khwong  Béo Loc Pak Nong
1 CanESM5 0,01 0,01 0,06 -0,01
2 CNRM-CM6-1-HR 0,04 0,10 0,02 0,08
3 HadGEM3-GC31-LL -0,04 -0,07 0,00 -0,01
4 IPSL-CM6A-LR 0,07 0,02 0,12 0,04
5 MRI-ESM2-0 0,33 0,21 0,01 0,10
6 EC-Earth3 0,19 0,26 0,32 0,54
7 EC-Earth3-Veg 0,05 0,05 0,08 -0,30
8 TB chung 0,15 -0,18 -0,03 0,17

Biéu db so sanh PBias lwgng mwa (P, mm) md phong va thwe do
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Hinh 3. So sanh PBias lugng mua (P, mm/thdng) mo6 phong va thuc do ctia cac GCMs.
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Gia tri PBias trong mo phong yéu té nhiét do t6i cao (Tmax) cia 7 md hinh va gia tri trung
binh chung nam trong khoang (-0,03) - 0,03, gi4 tri in ddm & Bang 4. Trong d6, gié tri cao
nhit thuéc vé mé hinh CanESM5 (PBias = 0,03) tai Lién Khuong va Dik Néng;
MRI-ESM2-0 (PBias =-0,03) tai Ba Lat. Trong mo6 phong yéu t6 nhiét do t6i cao (Tmax), két
qua cho thy khong c6 mé hinh nao cho gia trj PBias la vuot trdi. Tuy nhién, md hinh
EC-Earth3 va HadGEM3-GC31-LL cho gia tri PBias t6t hon so véi cac md hinh con lai
(Hinh 4).

Bing 4. PBias gi4 tri mo phong va thuc do yéu td nhiét do tdi cao (Tmax, °C).

PBias (Tmax, OC)

STT GCMs .
ba Lat Lién Khuwong  Bdo Loc bak Nong
1 CanESM5 0,00 0,03 0,01 0,03
2 CNRM-CM6-1-HR -0,01 0,01 0,00 0,02
3 HadGEM3-GC31-LL -0,01 0,00 -0,01 -0,01
4 IPSL-CM6A-LR -0,01 0,01 -0,01 0,01
5 MRI-ESM2-0 -0,03 -0,01 -0,01 0,01
6 EC-Earth3 -0,01 0,02 -0,01 0,00
7 EC-Earth3-Veg -0,02 0,01 -0,01 -0,02
8 TB chung -0,03 0,00 -0,02 -0,01

Biéu db so sanh PBias nhiét dé t5i cao (Tmax, °C) mé phéng va thwe do
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Hinh 4. So sanh PBias nhiét d6 t6i cao (Tmax, °C) md phong va thuc do cua cac GCMs.

Gia tri PBias trong mé phong yéu t6 nhiét do t6i thip (Tmin) ctia 7 mo hinh va gia tri trung
binh chung nam trong khoang (-0,07) - 0,02, gi4 tri in ¢&dm & Bang 5. Trong d6, gi tri cao
nhat thuéc vé mé hinh HadGEM3-GC31-LL (PBias = -0,07) tai Pak Nong va MRI-ESM2-0
(PBias = -0,03) tai Pa Lat, tiép dén 1a mo hinh MRI-ESM2-0 (PBias = -0,03) tai Bao Loc va
Pk Nong; md hinh CNRM-CM6-1-HR (PBias = -0,03) tai Pa Lat. Trong mé phong yéu td
nhiét d6 toi cao (Tmax), két qua cho thiy hai mé hinh EC-Earth3 va EC-Earth3-Veg cho gia
tri PBias vugt troi hon so vdi cac mo hinh con lai (Hinh 5).

Nhin chung, dua vao chi sb thong ké PBias, két qua cho thiy khong ¢6 mo hinh GCMs
nao cho két qua tdt cho ca ba yéu td luong mua, nhi¢t do tdi cao (Tmax), nhiét do tdi th?ip
(Tmin). M6 hinh HadGEM3-GC31-LL va CanESMS5 cho két qua PBias t6t cho yéu t6 luong
mua nhung lai han ché vé yéu t nhiét do. Trong khi d6, mé hinh EC-Earth3 va
EC-Earth3-Veg cho két qua tt vé yéu t6 nhiét d6 nhung lai han ché vé yéu t6 luong mua.
Hon nita, két qua cho théy voi1 cung mot yéu td nhiét do, mot sé6 mo hinh cho két qua kha tbt
cho yéu t6 nhiét t6i cao (Tmax), nhung lai bi han ché trong mo phong vé nhiét do t6i thap
(Tmin) va nguoc lai nhu moé hinh CanESM35, HadGEM3-GC31-LL. Trong s6 7 mé hinh, 2 md
hinh IPSL-CMB6A-LR va MRI-ESM2-0 cho két qua PBias cao ddi v6i ca yéu t6 luong mua
va nhiét do.
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Bang 5. PBias gid tri mo phong va thuc do yéu t nhiét d6 t6i thap (Tpmin, °C).

PBias (Tmin, °C)

STT GCMs .
Pa Lat Lién Khuwong  Béo Loc bak Nong
1 CanESM5 0,00 0,02 -0,01 -0,01
2 CNRM-CM6-1-HR -0,05 0,00 -0,04 -0,03
3 HadGEM3-GC31-LL -0,04 -0,01 -0,04 -0,07
4 IPSL-CM6A-LR -0,02 -0,01 -0,02 -0,02
5 MRI-ESM2-0 -0,04 -0,01 -0,05 -0,05
6 EC-Earth3 -0,02 0,00 -0,01 -0,01
7 EC-Earth3-Veg -0,01 0,01 -0,01 0,00
8 TB chung -0,02 0,01 -0,02 -0,03

Biéu dd so sanh PBias nhiét do ti thdp (Tmin, °C) md phéng va thwe do
0,00 -
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0,02
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nTLién Khuong
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# Dak Nong
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0,08

Dé léch phén trim (PBias)

N Ciic mé hinh GCMs

Hinh 5. So sanh PBias nhiét d6 t&i thap (Tmin, °C) md phong va thuc do ciia cac GCMs.

3.2. Pdnh gid sw phit hop ciia cdc mé hinh théng qua biéu dé Taylor

Biéu d6 Taylor mé ta hi¢u suat ctia mo hinh thong qua cac chi s thong ké gom hé sb
turong quan Pearson R (gia tri nam trén duong cong ngoai cung diém giao nhau gitra duong
thang nét dut xut phat tur gdc toa do cua biéu dd), sai s RMSE (gié tri nam trén nira duong
tron dong tAm c6 nét lién, c6 tAm nam trén truc ngang) va do léch chuan SD (gia tri nam trén
hai tryc diém giao nhau gitra mot phan tu dudng tron dong tim c6 nét dit, tm tai truc toa do
ctia biéu dd) cho 3 yéu to gdm luong mua (mm), Tmax (°C), Tmin (°C) nhu trong Hinh 6, 8, 10.
DPong thoi, gia tri thyc do duoc thé hién 1a dudng cong nét 1ién dam xuét phat tir tim ctia nita
duong tron nam trén truc ngang, chay song song voi duong biéu dién d6 léch chuan SD.

Biéu d6 Taylor ctia Hinh 6 mo ta hiéu suat cac GCMs trong md phong lugng mua (mm)
thang cho 7 mé hinh va gia tri trung binh tong thé ciia chung dugc biéu thi bang mot ky hiéu
c6 mau sac khac nhau trén biéu d6. Hé s6 twong quan dat duoc cua cac mo hinh va trung binh
tong thé cta chung nam trong khoang 0,45-0,80. Trong khi d6 gia tri RMSE nam trong
khoang 80-180 mm/thang, con SD nam trong khoang 90-190 mm/thang. Trong s6 cac mo
hinh, biéu db Taylor cho thiy EC-Earth3, MRI-ESM2-0 c6 hiéu suit md phong lugng mua
thip hon so véi cac mé hinh con lai, duoc thé hién qua gia tri R thap, dong thoi gia tri RMSE
va SD cao hon. Giita cac vi tri trén luu vue thi khu vue Dk Nong cho két qua mé phong tot
hon céc vi tri con lai vé muc do dong dang mau giira gia tri moé phong va gid tri quan sat, thé
hién qua gi4 tri R cao (xap xi 0,7-0,8). Diéu nay duoc thé hién rd hon trong biéu do so sanh
gia tri luong mua thyc do va mé phong trung binh thang cho ca thoi doan 35 nam 1980-2014,
nhu Hinh 7. Trong khi do, xét vé sai s6 va dg léch chuén thi khu vyc Lién Khuong cho két
qua tdt hon, véi gia tri RMSE va SD nho hon so véi cac khu vuc con lai, cu thé RMSE
(80-120) va SD (80-125) so véi RMSE (85-135) va SD (90-130) tai Pa Lat; RMSE
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(110-150) va SD (160-190) tai Pak Nong; RMSE (130-180) va SD (150-190) tai Bao Loc.
Nhu véy, dé so sanh dénh gia hiéu suit ciia cac md hinh GCMs trong md phong cac yéu t khi
hau can két hop nhiéu chi sb théng ké. Ngoai ra, két qua con cho thiy so voi timg mo hinh
riéng 1¢, gid tri trung binh chung (trung binh tong thé cho tat ca cac mo hinh) cho két qua so
sanh tot hon véi gia tri R cao, RMSE va SD thép h(m 10 rét.
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Hinh 7. Biéu d6 so sanh lugng mua thang (P, mm/thang) theo mé phong va thyc do.

Biéu do Taylor ctia hinh 8 mo ta hiéu sudt cac GCMSs trong mo phong nhiét do tdi cao
Trmax (°C) thang trén luu vue. Hé sd twong quan dat dugc cua cac mo hinh va trung binh tong
thé ctia ching nam trong khoang 0,25-0,82. Trong khi d6 gia tri RMSE nam trong khoang
1,0-3,2°C/thang, con SD nam trong khoang 1,2-1,9°C/thang. Trong sé cac md hinh, biéu dd
Taylor cho thay HadGEM3-GC31-LL, IPSL-CMBA-LR va CanESM5 c6 hiéu suit mo
phong Tmax thap hon so v6i cac md hinh con lai, duoc thé hién qua gié tri R thip, déng thoi
gid tri RMSE va SD cao hon. Tu twong nhu trong mé phong vé lwong mua, gitta cac vi tri trén
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lru vure thi khu vue Dak Nong cho két qua mé phong Tmax tét hon cac vi tri con lai vé mirc
d6 dong dang mu giira gia tri mo phong va gid tri quan sat, thé hién qua gi tri R cao (xap xi
0,65-0,82) va duoc thé hién 16 hon trong biéu d6 so sanh gia tri Tmax thuc do va mé phong
trung binh thang cho ca thoi doan 35 nim 1980-2014 (Hinh 9). Dong thoi, xét vé sai s thi
khu vuc khu vue Dik Noéng van cho két qua tdt hon, voi gia tri RMSE nho hon so voi cac khu
vuc con lai, cu thé RMSE (1,2-1,6) so voi RMSE (2,4-2,7) tai Da Lat; RMSE (3,0-3,4) tai
Lién Khuong; RMSE (3,0 - 3,8) tai Bao Loc. Trong khi d6 do 1éch chuan khong c6 su khac
biét 16n gitra cac khu vuc, cu thé tai SD (1,6-1,8) tai DAK Nong so véi SD (1,3 - 1,7) tai Pa
Lat; va SD (1,3-1,6) tai Lién Khuong va SD (1,3-1,5) tai Bao Loc. Tuong tu nhu véi md
phong lwong mua, gi tri trung binh chung Tmax cho két qua so sanh tot hon so v&i timg md
hinh riéng 1é (gié tri R cao hon, trong khi d6 gia tri RMSE va SD thap hon 1 rét).
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Hinh 8. Biéu d6 Taylor so sanh hiéu suat mo phong nhiét do tdi cao (Tmax, °C) tai cac tram.
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Hinh 9. Két qua so sanh gia tri nhiét d6 t6i cao thang (Tmax, °C) theo mé phong va thyc do.
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Biéu dd Taylor ctia Hinh 10 mé ta hiéu suit cac GCMs trong mé phong nhiét do ti thap
Tmin (°C) thang trén luu vue. HE s6 twong quan dat dugc cta cac mo hinh va trung binh tong
thé cta ching nam trong khoang 0,25-0,90; gia tri RMSE nim trong khoang 0,7-2 ,6°C/thang
va SD nam trong khoang 1,5-2 0°C/thang Tuong tuy nhu trong moé phdng Tmax, trong sO cac
moé hinh, biéu dd Taylor cho thdy HadGEM3-GC31-LL, IPSL-CM6A-LR va
CNRM-CM6-1-HR c6 hiéu suat mo phong Tmin thép hon so v6i cac md hinh con lai, duge thé
hién qua gia tri R thip, dong thoi gia tri RMSE va SD cao hon. Giita cac vi tri trén luu vyec thi
khu vue Dik Nong cho két qua mé phong Tmin tot hon cac vi tri con lai vé& mirc d6 dong dang
mAu gitta gia tri mo phong va gia tri quan sat, thé hién qua gia tri R cao (xip xi 0,7-0,8) va
biéu dd so sanh gia tri Tmin thuc do va mé phong khé tring khép, nhu Hinh 11. Bén canh do,
gidng nhu trong md phong Tmax, xét vé sai s6 thi khu vire Dak Nong cho két qua tt hon, véi
gia tri RMSE nho hon so véi cac khu vuc con lai, cu thé RMSE (0,8-1,3) so v6i RMSE
(1,7-1,9) tai ba Lat ; RMSE (2,1-2,4) tai Lién Khuong; RMSE (2,4-2,6) tai Bao Loc. Nguoc
lai, 6 1éch chudn khong c6 su khac biét 16n giira cac khu vue, cu thé tai SD (1,6-2,0) tai DaK
Nong so véi SD (1,6-1,9) tai Ba Lat; SD (1,7-1,9) tai Lién Khuong va SD (1,6-1,9) tai Bao
Loc. Tuong ty nhu véi mo phong luong mua, Tmax, gié tri trung binh chung Tmin cho két qua
so sanh tot hon so véi timg mo hinh riéng 1¢ (gi4 tri R cao hon, trong khi d6 gia tri RMSE va
SD thap hon 13 rét).
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Hinh 10. Két qua so sanh hiéu suit mé phong nhiét d6 t8i thap (Tmin, °C) clia cac mo hinh bang biéu
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Hinh 11. Két qua so sanh gi4 tri nhiét do t&i thap thang (Tmin, °C) theo mod phong va thuc do.
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Hinh 12. Vi trf cac tram quan tric khi twong véi nén d6 cao dia hinh.

Tong thé cho thay trong tat ca cic mo hinh khong c6 mé hinh nao cho két qua tét cho ca
yéu t6 lugng mua, Tmax, Tmin. Ching han nhu mé hinh EC-Earth3-Veg, EC-Earth3 c6 két qua
mo phong nhiét &6 (Tmin VA Tmax) kha tdt, trong khi d6 mé hinh EC-Earth3 lai bi han ché trong
mo phong yéu t6 luong mua.

Tai céac vi tri thi khu vue Dak Nong cho gié tri mo phdong tdt hon so voi khu vuc Lién
Khuong, Bao Loc va Pa Lat. Diéu nay duoc giai thich 13 do su thay ddi dia hinh va do cao
chuyén tiép tir ddng bang 1én cao nguyén va tir cao nguyén 1én ving cao hon, dic biét 1a tai
khu vuc Bao Loc va Pa Lat (Hinh 12). Su chénh 1éch dia hinh tir ving dong bang 1én cao
nguyén Bao Loc - Di Linh (ttr 95-800 m) va tir cao nguyén Bao Ldc - Di Linh 1én cao nguyén
LangBiang (tir 800-1.500 m) d& anh hudng dén cac yéu té khi hau. Tai Pa Lat va Bao Laoc,
d6i voi luong mua hau hét cic mo hinh va gia tri trung binh tong thé c6 gia tri thap hon so véi
gia tri thuc do. Trong khi d6, nhiét 36 (Tmax, Tmin) tai Pa Lat va Bao Loc cao hon so véi gia tri
thuc do (Hinh 9 va Hinh 11). Nhin chung, tai Pa Lat va Bao Loc c6 su dong dang hon giita
yéu t khi tuong mé phong va thuc do theo timg thang, nhung c6 sy sai khac 16n hon so véi
khu vuc con lai. Diéu nay dugc giai thich la do dia hinh khu vuc nay cé chénh léch dia hinh
16n va su tuong tac gilta gié mua va cac day ndi 1an can. Két qua nay twong tu nhu két qua
nghién ctru [22].

4. Két luan

Két hop chi sb thong ké d6 1éch phan trim PBias va biéu d Taylor (d4nh gia thong qua
ba yéu t6 1a hé sb twong quan Pearson R, sai sb trung binh binh phuong gbc RMSE va d6 1éch
chudn SD) 1a phuong phéap kha thi gitp d4nh gia hi¢u suat ctia cac mo hinh khi hau toan cau
GCM s trong mo phong cac yéu t6 khi hau (lwong mua, Tmax, Tmin).

Hiéu suit cuia 7 GCMs va gia tri trung binh téng thé cua ching la khac nhau trong mo
phong lugng mua (mm), nhiét do t01 cao Tmax (°C), nhi¢t do t61 thap Tmin (°C) thang theo
khong gian trén luu vyuc thugng ngudn song Pong Nai. Trong d6, khu vuc Pik Nong (cao
600 m) c6 dia hinh dong dang hon cho két qua mé phong t6t hon so véi Lién Khuong (cao
1.100 m), Pa Lat (cao 1.500 m) va Bao Loc (cao 800 m). Pia hinh ving ndi va sy thay doi do
cao gép phan 1am anh hudng dén hiéu suit moé phong yéu t6 khi hau cua cac GCMs.

Tong thé cho thiy khong c6 mé hinh nao vuot troi ddi véi két qua mo phong cac yéu th
luong mua, Tmax, Tmin. MO hinh HadGEM3- GC31-LL va CanESMS5 cho két qua tin cay trong
mo phong yéu t6 lugng mwa nhung han ché vé nhiét d6. M6 hinh EC-Earth3-Veg, EC-Earth3
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c6 két qua md phong nhiét do (Tmin va Tmax) kha t6t, tuy nhién EC-Earth3 lai han ché vé mé
phong yéu td luong mua. Trong s6 7 GCMs thi md hinh MRI-ESM2-0 ¢6 hi¢u quéa phong
thap nhét cho cac yéu to khi hau trén Iuu vue, tiép dén 1a mé hinh IPSL-CM6A-LR. Béi véi
tat ca cac khu vuc va tit ca cac yeu t6 (lwong mua, nhiét d6), gid tri trung binh chung cua cac
md hinh cho két qua so sanh tét hon so voi timg mo hinh riéng 1¢. Do d6, viéc danh gia, du
béo theo cac kich ban BPKH tuong lai can st dung t6 nhiéu mé hinh GCMs thong qua sur
dung gié tri trung binh chung cua chung nham han ché su sai 1éch mang tinh noi tai cua mdi
mo hinh riéng 1&. P6i voi luu vue thuong ngudn séng Pong Nai c¢6 thé sir dung t6 hop cua 5
mo hinh (1) EC-Earth3-Veg, (2) CanESMD5, (3) EC-Earth3, (4) HadGEM3-GC31-LL, (5)
CNRM-CM6-1-HR trong cac nghién ctru lién quan dén kich ban BDKH trong tuong lai ¢6 sir
dung yéu td lwong mua va nhiét do cuc tri. Nhitng két qua dat dugc cua nghién ctru nay co thé
ap dung cho céc luu vuce khac c¢6 diéu kién twong tu nhu luu vie thuong ngudn séng Pong
Nai v6i dia hinh khéng dong dang, nui cao.

DPong gop cia tac gia: Xay dung ¥ tuong nghién ctru: P.H.; Lya chon phuong phéap nghién
cau: P.H., N-T.N.Q.; Xt 1y s0 liéu: P.H., N.T.N.Q.; Viét ban thao bai bao: P.H., N.T.N.Q.;
Dinh hudng va chinh stra bai bao: L.V.T., V.L.P.

Loi cam on: Nghién ctru thuc hién dudi sy h tro ctia SO Khoa hoc va Cong nghé tinh Lam
Pong. Cac tac gia xin chan thanh cam on sy hop tac ciia S¢ Tai nguyén va Mbi trudng Lam
Pong, Pai Khi tugng Thay van Tdy Nguyén, Vién nghién ctru D6i méi va Phat trién bén
vitng (RIFISD) d4 ho tro cho viéc hoan thanh nghién ctru ndy.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tap thé tac
gia, chua dugc cong bo & dau, khdng sao chép tir nhitng nghién ctru trude day va khdng co su
tranh chap lo1 ich.

Tai liéu tham khao

1. IPCC. Contribution of working group 1 to the first assessment report of the
intergovernmental panel on climate change. New York, NY, USA, 1990, pp, 365.

2. IPCC. Contribution of working group 1 to the second assessment report of the
intergovernmental panel on climate change. New York, NY, USA, 1995, pp. 588.

3. IPCC. Contribution of working group 1 to the third assessment report of the
intergovernmental panel on climate change. New York, NY, USA, 2001, pp. 881.

4. IPCC. Contribution of working group 1 to the fourth assessment report of the
intergovernmental panel on climate change. New York, NY, USA, 2007, pp. 996.

5. IPCC. Contribution of working group 1 to the fifth assessment report of the
intergovernmental panel on climate change. New York, NY, USA, 2013, pp. 1535.

6. IPCC. Contribution of working group 1 to the fourth assessment report of the
intergovernmental panel on climate change. New York, NY, USA, 2021.

7. Riahi, K.; van Vuuren, D.P.; Kriegler, E.; Edmonds, J.; O’Neill, B.C.; Fujimori, S.;
Bauer, N.; Calvin, K.; Dellink, R.; Fricko, O.; Lutz, W. The shared socioeconomic
Pathways and their energy, land use, and greenhouse gas emissions implications: An
overview. Global Environ. Change 2017, 42, 153-168.

8. Nhi, P.T.T.; Linh, D.Q.; Dung, T.D.; Khoi, D.N. Dy bdo khi hdu luu vyc song
Serepok theo kich ban méi cua IPCC cong b6 nam 2021. Tap chi Phat trién Khoa
hoc va Céng nghé - Khoa hoc Trdi ddt va Méi truong 2021, 5(S11), 27-36.

9. Vuuren, D.P.V.; Stehfest, E.; Gernaat, D.E.H.J.; Doelman, J.C.; Berg, M.V.D.;
Harmsen, M.; Boer, H.S.D.; Bouwman, L.F.; Daioglou, V. Edelenbosch, 0.Y.;
Girod, B.; Kram, T.; Lassaletta, L.; Lucas, P.L.; Meijl, H.V.; Miiller, C.; Ruijven, B.
J.V.; Sluis, S.V.D.; Tabeau, A. Energy, land-use and greenhouse gas emissions
trajectories under a green growth paradigm. Global Environ. Change 2017, 42, 316—
330.

10. Fricko, O.; Havlik, P.; Rogelj, J.; Klimont, Z.; Gusti, M.; Johnson, N.; Kolp, P.;
Strubegger, M.; Valin, H.; Amann, M.; Ermolieva, T., The marker quantification of



Tap chi Khi twong Thity van 2024, 762, 47-61; doi:10.36335/VNJHM.2024(762).47-61 60

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

the Shared Socioeconomic Pathway 2: A middle-of-the-road scenario for the 21
century. Global Environ. Change. 2017, 42, 251-267.

Fujimori, S.; Hasegawa, T.; Masuli, T.; Takahashi, K.; Herran, D.S.; Dai, H.; Hijioka,
Y.; Kainuma, M. SSP3: AIM implementation of Shared Socioeconomic Pathways.
Global Environ. Change 2017, 42, 268-283.

Calvin, K.; Bond-Lamberty, B.; Clarke, L.; Edmonds, J.; Eom, J.; Hartin, C.; Kim,
S.; Kyle, P.; Link, R.; Moss, R.; McJeon, H. The SSP4: A world of deepening
inequality. Global Environ. Change 2017, 42, 284—296.

Kriegler, E.; Bauer, N.; Popp, A.; Humpendder, F.; Leimbach, M.; Strefler, J.;
Baumstark, L.; Bodirsky, B.L.; Hilaire, J.; Klein, D.; Mouratiadou, 1. Fossil-fueled
development (SSP5): An energy and resource intensive scenario for the 21% century.
Global Environ. Change. 2017, 42, 297-315.

Huong, N.T.; Kim, Y.T.; Kwon, H.H. Evaluation and selection of CMIP6 GCMs for
long-term hydrological projections based on spatial performance assessment metrics
across South Korea. J. Water. Clim. Change 2023, 14, (8), 2663-2678.

Quyén, N.T.N. Nghlen ctru danh gia anh hudng cua bién d6i khi hau dén tai nguyéen
nude va dat luu vyc séng Srepok. Vién Mai truong va Tai nguyén - PHQG TP Ho
Chi Minh, TP HCM, 2018.

Khoi, D.N.; Nguyen, V.T.; Sam, T.T.; Mai, N.T.H.; Vuong, N.D.; Cuong, H.V.
Assessment of climate change impact on water availability in the upper Dong Nai
River Basin, Vietnam. J. Water. Clim. Change 2021, 1-14.

Ngo, D.T.; Nguyen, M.H.; Pannier, E.; Woillez, M.N.; Drogoul, A.; Huynh, T.P.L.;
Le, T.T.; Nguyen, T.T.H.; Nguyen, T.T.; Nguyen, T.A.; Thomas, F.; Truong, C.Q.;
Vo, Q.T.; Vu, C.T. Climate change in Viet Nam; Impacts and adaptation. A COP26
assessment report of the GEMMES Viet Nam project, Paris, 2021. )

Cuc Bién doi khi hau, B TNMT. Panh gié tac dong cua bién d61 khi hau qudc gia va
kha ndng thich tng; Ha N¢1, 2022.

Eyring, V.; Bony, S.; Meehl, G.A.; Senior, C.A.; Stevens, B.; Stouffer, R.J.; Taylor,
K.E. Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6)
experimental design and organization. Geosci. Model Dev. 2016, 9(5), 1937-1958.
Khoi, D.N.; Sam, T.T.; Chi, N.T.T.; Linh, D.Q.; Nhi, P.T.T. Impact of future climate
change on river discharge and groundwater recharge: a case study of Ho Chi Minh
City, Vietnam. J. Water. Clim. Change 2022, 13(3) 1-13.

Tinh, N.T.; Ty, T.V.; Minh, H.V.T. Danh gid va lya chon md hinh khi hau toan cau
(GCMs CMIP5) cho khu vue ddng bang Séng Ctu Long. Tap chi Khoa hoc Truwong
Pai hoc Can Tho 2016, 42, 81-90.

Nguyen, D.T.; Ngo, D.T.; Desmet, Q. Performance evaluation and ranking of
CMIPG6 global climate models over Vietnam. J. Water. Clim. Change 2023, 14(6),
1831-1846.

Tran, A.Q.; Ngo, D.T.; Espagne, E.; Trinh, T.L. A high-resolution projected climate
dataset for Vietnam: Construction and preliminary application in assessing future
change. J. Water. Clim. Change 2022, 13(9), 3379-3399.

Tran, A.Q.; Ngo, D.T.; Espagne, E.; Trinh, T.L. A 10-km CMIP6 downscaled dataset
of temperature and precipitation for historical and future Vietnam climate. Sci. Data.
2023, 2023, 1-12.

Scafetta, N. CMIP6 GCM validation based on ECS and TCR ranking for 21% century
temperature projections and risk assessment. Atmosphere 2023, 14(345), 1-22.
Trudng, T.V. Quy hoach Tai nguyén nuée luu vuc song Dong Nai. 2015. Tryc tuyén:
http://lvsdongnai.cem.gov.vn/.

Ringler, C.; Huy, N.V. Water allocation policies for the Dong Nai river basin in
Vietnam: An integrated perspective; Washington, D.C., U.S.A, 2004, pp. 1-5.
Hung, P.; Le, T.V.; Vo, P.L.; Duong, H.C.; Mostafizurb, R.M. Vulnerability
assessment of water resources using GIS, remote sensing and SWAT model — A case
study: the upper part of Dong Nai river basin, Vietnam. Int. J. River Basin Manage.
2021, 20, 1-16.



Tap chi Khi twong Thiyy van 2024, 762, 47-61; doi:10.36335/VNJHM.2024(762).47-61 61

29. Lei, X.; Xu, C.; Liu, F.; Song, L.; Cao, L.; Suo, N. Evaluation of CMIP6 models and
multi-model ensemble for extreme precipitation over Arid Central Asia. Remote
Sens. 2023, 15(2376), 1-25.

30. Sabarinath, A.; Naga, R. A.; Gunthe, S.S.; Lakshmi, K.T.VV. Application of deep
learning algorithms to correct Bias in CMIP6 simulations of surface air temperature
over the Indian monsoon core region. Int. J. Climatol. 2023, 43(16), 7496-7515.

31. Chairani, S. The correlation between rainfall, temperature, relative humidity, and
rice field productivity in Aceh Besar. IOP Conf. Ser.: Earth Environ. Sci. 2022, 1071
(2022), 1-11.

32. Taylor, K.E. Summarizing multiple aspects of model performance in a single
diagram. J. Geophys. Res. 2001, 106(D7), 7183-7192.

Performance evaluation of some CMIP6-GCMs in simulating
rainfall and temperature in the upper part of Dong Nai river
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Abstract: The effective performance of general circulation models (GCMs) in simulating
climate factors may vary in different regions. Therefore, the selection of suitable models for
simulating climate change is a vital concern. This study was conducted to evaluate the
performance of seven GCMs and their overall performance values based on Coupled Model
Intercomparison Project Phase 6 (CMIP6) which downscaled for Vietham (CMIP6_VN) in
the upper part of Dong Nai river basin to simulate rainfall and near-surface temperature.
Historical monitoring data in the period of 35-years (1980-2014) were collected to evaluate
and categorize the rank of models’ effectiveness according to statistical indicators,
including: PBias percentage deviation, standard deviation (SD), Root mean square error
(RMSE), Pearson correlation coefficient (R), and Taylor-Diagram. The results showed that
GCMs performed different simulation outputs for each region depending on altitude and
terrain factors. In addition, the ensemble means values of all GCMs achieve better
comparative results than each individual model. In particular, the top five most effective
models to simulate temperature and precipitation in the study area are EC-Earth3-Veg,
CanESMb5, EC-Earth3, HadGEM3-GC31-LL, and CNRM-CM6-1-HR, respectively.

Keywords: Climate change; CMIP6; General circulation model; Model ranking; Upper
Part Dong Nai river basin.
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Tém tiat: Nghién ciru ap dung ba thuét toan hoc may Random Forest Regression (RFR),
XGBoost Regression (XGBR), Multilayer Perceptron Regression (MLPR) va mot thuat toan
hoc sau Convolutional Neural Network (CNN) dé mé phong nong d6 bui PM2s tai khu vuc
trung tdm Thanh phé Hd Chi Minh. B6 dit liéu dugce st dung trong nghién ctru 1a dir li¢u
ngay trong giai doan tir 2016-2021 bao gbm nong do bui PMys thu thap tir tram Léanh Sy
Quan My va sau thong s6 khi tuong bao gdm nhiét do trung binh, hudng gio, toc do gio, o
am, sd gio nang va luong mua tai tram Tan Son Hoa. Bo dit liéu duoc chudn hoa va phan
chia véi ty 1€ 80:20 phuc vu qué trinh huén luyén va kiém tra cac thuét toan. Sau do, sau
kich ban cac thong s6 dau vao khac nhau dugc xay dung dua trén két qua phan tich tuong
quan riéng phan giita cac thong sd khi twong voi nong do bui PMzs. Két qua nghién ctru
cho thiy ca ba thuat toan hoc may déu c6 kha ning mo phong t6t ndng dd6 PMas véi gid tri
hé s6 tuong quan r dao dong trong khoang 0,770 dén 0, 854, trong d6 thuat toan XGBR voi
sau thong s6 khi tugng dau vao cho hiéu qua mo phong t6t nhat véi r = 0,854, I0A = 0,922
vaNMB =6,711. Bén canh do, ket qua mo6 phong nong do PMzscua thuat toan CNN la chua
dat voi gia tri r nho hon 0,5 & tat ca kich ban mo phong.

Tur khoa: Bui PM2s; Hoc may; Hoc sau; TP. Ho Chi Minh.

1. Pt van dé

Hién nay, 6 nhiém khong khi da tré thanh mot trong nhiing van dé méi truong cé anh
hudng 16n dén ste khoe cong dong, dic biét dudi anh hudng cia qua trinh d6 thi hoa va cong
nghiép hoa [1-6]. Theo T6 chtrc Y t& Thé gidi (WHO), c6 7 triéu ca tir vong sém do 6 nhiém
khong khi ca bén ngoai va trong nha trén toan cdu mdi nam [7]. Pac biét 1a 6 nhiém do bui
PM2s, dang tro thanh mot trong nhirg van dé tac dong tiéu cuc dbi véi stc khoe toan cau,
trong do6 c6 Viét Nam [8]. Bui PM2s duge dinh nghia 1a cac hat bui min ¢6 duong kinh nho
hon 2,5 um [9]. M6t s6 nghién ctru da thuc hién [10—13] cho thdy méi lién hé chit ché giira
néng do PM25 va cac bénh nhu ung thu, tim mach, ho hép, chuyén hoa va béo phi. Tai Viét
Nam, nng d6 bui PM2s nam 2021 cao thtr 36 trong 117 qudc gia [14] va mic d6 6 nhiém
bui PMys ciing thé hién sy phén hoa theo mirc d§ do thi hoa. Thanh phé Ho Chi Minh
(TP HCM) 1a trung tdm kinh té ctia khu vuc phia nam, cung voi sy phat trién kinh té, thanh
pho ¢6 s dan cao nhét ca nudc voi mat do dan sb 4.375 ngu:oq/km2 (nam 2021) dang phai
d6i mat voi nguy co anh huéng ste khoe nguoi dan do 6 nhiém khong khi. Theo két qua
thdng ké [15-16], 12/24 quan/huyén & TP.HCM c6 ndng d6 bui PMz2s nam 2020 vuot quy
chuan QCVN 05:2013/ BTNMT. Pén nam 2021, mic du hau hét cac quan huyén c6 nong do
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PMz5 nam trong ngudng cho phep vé chit luong khong khi theo quy chuan qubc gia, tuy
nhién céac gia tri nay van 1én hon so véi muc khuyen nghi cia WHO. Bén canh do6, so ca tir
vong sém do phoi nhim PM2s nim 2019 tai TP. H6 Chi Minh 13 4.130 ca, dtng th{r hai ca
nuac, tap chu yeu tai nhitng quan trung tam thanh phd, 16n nhét tai quan Binh Tan vé6i 370
ca, theo sau la quan Go Vép, huyén Binh Chanh va Quén 12 (khoang 280-320 ca). Nong do
bui PM25 cao & cac quén trung tim, thip & cac huyén nhu Ca Chi, Can Gio [15-16]. Vi vay,
viéc mo phong va du bao ndng d6 bui PMzs tai khu vurc trung tdm TP.HCM (Hinh 1) 14 can
thiét nham phuc vu cho cdng tac quan li va kiém soat 6 nhiém, ciing nhu giam thiéu rui ro
gay ra do 6 nhiém byi PM2s.

Co6 thé thay, cong tac mo phong va du bao chat luong khong khi ¢o vai trd quan trong
trong viéc ing pho voi 6 nhiém khi va bdo vé sirc khde con nguoi. Tuy nhién, viée du bao
chat luong khong khi 1a kha phuc tap va bi chi phdi boi nhiéu yéu td, trong d6 c6 diéu kién
khi twong va tai luong phat thai. Hién nay, cac phuong phap nghién ctru du doan 6 nhiém
khong khi chi yéu bao gdm phuong phap mé hinh s6 va phuong phap théng ke [17, 18] Tuy
nhién, phuong phap mo hinh s6 thudng doi hoi nhiéu dit liéu va nguoi ding can hiéu biét sau
sdc vé co ché lan truyén va ban chat ciia cac chat gy 6 nhlem khong khi dé c¢6 thé lya chon
céc so d6 vat 1y va hoa hoc phu hop duogc sir dung trong ciu hinh ctia mé hinh [19]. Phuong
phap thong ké thi tuong ddi don gian, tiét kiém thoi gian va tai nguyén tinh toan, va dé thuc
hién. Tuy nhién, hi¢u qua m6 phong s€ phu thudce vao s6 luong cac bién s6 va dir liéu san co,
két qua dy bao s& phu thudc rat nhiéu vao mdi trong quan gitra bién dau ra va cac yeu t6 dau
vao0. Bén canh d6, hién nay véi xu thé ciia cach mang cong nghiép 4.0, di c6 nhiéu nghién
ctru st dung céac thuat toan tri tué nhan tao bao gdm ca hoc may va hoc su nham ting hiéu
qua md phong, du doén chét luong khong khi.

Mot s0 nghién ctru st dung thuat toan hoc may dé dy doan bui min di dugc thuc hién co
thé ké dén nhu nghién ctru [20] d4 str dung c4c thuat toan hoc may Random Forest (RF),
eXtreme Gradient Boosting (XGBoost), va hoc sau Deep Neural Network (DNN) dé nghién
ctru du doan néng d6 PMzs & khu vuc d6 thi ctia Tehran, st dung bo dit liéu khi twong tir
tram quan trac va dit liéu do day quang hoc sol khi (AOD) tir anh MODIS. Két qua cho thay
thuat toan XGB cho kha nang du bao t6t nhat trong 3 phuong phap. Nghién ctru [21] du bao
ndng do PMio khu vuc Caribe bang sau thut toan hoc may bao gdm: Support Vector Machine
(SVM), RFR, k-nearest Neighbor Regression (kNN), Gradient Boosting Regression (GBR),
Tweedie Regression (TR) va Bayesian Ridge Regression (BRR). Cac phuong phép nay da
duoc ap dung dé xay dung thuat toan du doan dya trén moi quan h¢ gitra nong do PMio va
céc yéu td thoi tiét cua khu vuc nghién ciu va két qua cho thay thuét toan GBR cho hiéu qua
du bao tot nhat. Nghién ciru [22] di st dung cac phuwong phép hoc may nhu RF, GBR,
Support Vector Regression (SVR) va Multilayer Regression (MLR) dé du doan PM1o va PM2s
0 Ma cao, Trung Quoc Dit liéu khi twong va chat luong khong khi tir nam 2013 dén nam
2018 dugc str dung dé du doan. Nghién ctru nay cho thay RF 1a phuong phap dy doan dang
tin cdy nhat vé nong do chat 6 nhiém, thuat toan nay ciing chimg minh duoc tinh hidu qua
khi du bao néng d6 PMys trong ving Paso Del Norte v&i do chinh xac dat 92% [23]. Bén
canh cac thuat toan hoc may, cac thuat toan hoc sau nhu Recurrent Neural Network (RNN),
Long Short-Term Memory (LSTM), Convolutional Neural Network (CNN) cling dugc su
dung trong nhiéu nghién ctru nham dy bao nong d6 bui PMas [24-27].

Ttr cac nghién ctru ké trén, c6 thé thdy cac thuat toan hoc may va hoc séu duoc sir dung
pho bién va c6 hidu qua cao trong mo phong, du bao ndng do bui min tai nhidu quoc gia trén
thé gigi. Nghién ctru ndy s& st dung cac thuat toan dugc danh gia ¢ hiéu qua tét trong céc
nghién ctru da thyc hién 1a RF va XGB, bén canh d6, hai thuat toan hoc may va hoc sau pho
bién 12 MLP va CNN ciing duoc 4p dung dé thir nghiém trong nghién ctru ndy. Ngoai ra,
phﬁn 16m cac nghién ctru da thyc hién déu st dung céc dir li€u khi tuong dé du bao PMzs.
Muc tiéu ctia nghién ciru nham xac dinh thuat toan va bo thong s6 tdi wu phuc vu mé phong
néng d6 bui PM25 dua trén dit liéu vé khi tuong tai khu vyuc trung tdm TP.HCM.
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2. Dir liéu va phuwong phap nghién ciru

2.1. Thu thdp va xw li dir liéu

B dit li¢u dugce sir dung trong nghién ctru 1a dir 1i€u ngay trong giai doan tur 5/2/2016
dén 30/4/2021 bao gébm ndng do bui PMa s trung binh ngay thu thap tir tram Lanh Su Quan
My va sau thong $6 khi tuong bao gém nhi¢t do trung binh (T), hudng gié (WD), tde do gio
(W), d6 4m (H), s6 gid ning (S) va lwong mua trung binh (R) tai tram Tan Son Hoa. Cac
thong sb nay duoc chon dya theo Bao céo hi¢n trang mdi truong quéc gia 2021 cua Bo Tai
nguyén va moi truong, ndng do chét 6 nhiém trong khong khi gan mat dat phu thudc rat lon
vao yéu t6 khi twong (hudng gio, tbe do gio, nhiét do, dd 4m twong ddi, lugng mua), cac yeu
t6 khi twong co6 lién quan mat thiét dén sy hinh thanh, tich tu va phan tan cac chat 6 nhiém
khong khi va bui vao méi truong xung quanh [7]. Vi trf cc tram dugce thé hién trong Hinh 1
va dic trung bo dir liéu dau vao dugc thong ké va trinh bay trong Bang 1.
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Hinh 1. Khu vuc nghién ctru.
Bang 1. Pic trung b dit lidu dau vao.
91 . Nhé Lén Trung . A ra z
Bién Don vi nhit nhit binh Trung vi D6 léch chuan

Nhét d6 (T) °C 23,4 32,6 28,73 28,7 1,38
Huong gi6 (WD) - 0,0 15,0 8,53 9,0 4,38
Toc dg gio (W) m/s 3,0 10,0 5,40 6,0 1,02
Do am (H) % 51 93 72,31 72,0 7,40
So gid nang (S) h 0,0 10,2 5,98 6,4 2,57
Luong mua R) mm 0,0 366,0 5,02 0,0 15,38
Nong d6 PM2.5 pg/m3 5,0 77,65 24,75 22,63 10,73

B9 dir liéu trong nghién ctru cé su chénh 1éch vé do 16n cling nhu khong déng nhat vé
don vi, do d6 viéc chuan hoa bo dir liéu can duoc thyc hién nham dua bo dit liéu vé cing
khoang gia tri phuc vu cho céc phép tinh trong thuat todn. Trong nghién clru nay, phuong
phap chuin héa StandardScaler nham dwa gia tri trong bo dit liéu c6 trung binh bang 0 va do
léch chuan bang 1 (Hinh 2a), phuong phap nay duoc ap dung cho cac thuat toan hdi quy nhur
RFR, XGBR, MLPR va phuong phdp MinMaxScaler nham dwa cac gia tri vé khoang [0, 1]
phuc vu tinh toan cho thuat toan CNN (Hinh 2b).

Sau khi da chudn hoa dit liéu, nghién ctru tién hanh phan chia dit liéu thanh hai phan
phuc vu qua trinh huén luyén va kiém tra mé hinh theo ty 1¢ 80:20, tirc 1a 80% dir liéu duoc
st dung cho qua trinh huin luyén nham tim bo thong s6 ti uu ctia mo hinh va 20% dir liéu
phuc vu qua trinh kiém tra nham danh gia hiéu qua, do tin cdy cua cac md hinh.
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Hinh 2. Dic trung bo dir liéu sau khi chuan hoa: (a) Phuong phap StandardScaler, (b) Phuong phap
MinMaxScaler.

2.2. Phuong phap nghién ciru

Trong nghién ciru nay, cac thuat toan Random Forest Regression (RFR), XGBoost
Regression (XGBR), Multilayer Perceptron Regression (MLPR) va Convolutional Neural
Network (CNN) s& dugc ap dung dé xay dung mo hinh mé phong noéng do bui PMzs. Hinh
3 thé hién quy trinh thyc hién tong quat nham xac dinh ciu trac va bo thong sé mo hinh tdi
uu mo phong néng d6 bui PM2 s tai khu vuc trung tam TP.HCM, céac budc chinh cu thé nhu
sau: (1) thu thap va tién xtr 1y dir liéu; (2) chuan héa dir liéu, (3) phéan chia dit liéu, (4) tinh
turong quan riéng phan gitta ndng d6 PM2s va cac thong sb khi tugng, tir d6 xdy dung cac
kich ban tinh, (5) lya chon va xay dung céac thuat toan hoc méy va hoc sau bang ngdn ngir
1ap trinh Python, (6) hudn luyén va kiém tra mé hinh, x4c dinh thuét toan va bo thong sd tdi
uu mo phong nong do bui PMz s tai khu vue nghién cuu.

Dir lié¢u bui PM2.5
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Hinh 3. Quy trinh xay dung mé hinh.

2.2.1. Thuat toan Random Forest Regression (RFR)

Thuat toan RFR dugc gioi thiu boi [28], 1a mot phwong phap hoc tap tong thé c6 giam
sat hoat dong dua trén cay quyét dinh. Thuat toan nay c6 thé duoc sir dung cho ca phén loai
va hoi quy, rat linh hoat va nhanh chong. Nghién ctru ndy sir dung thuét toan hoi quy dé mé
phong ndng 46 PM2s. Cach hoat dong cua thuat toan RFR bao gém cac budc nhu sau: (1)
Chon ngiu nhién mot s6 mau tir tap dit liéu huan luyén ban dau dé tao ra cac tap dir liéu con
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khac nhau; (2) Xay dyng mét cay quyét dinh trén mdi tap dir lidu con; (3) Ket hop mé phong
clia cac ciy quyét dinh bang cach tinh trung binh hodc biéu quyét theo da sd cac mo phong
doc lap tir cac cay quyét dinh.

2.2.2. Thuat toan XGBoost Regression (XGBR)

Thuét toan XGBR 12 mét trong nhitng thudt toan hoc may phé bién duoc sir dung trong
bai toan md phong gia tri lién tuc (hdi quy). Pay 1a mot thudt toan hoc may dya trén ky thuat
gradient boosting. Thuat toan XGBR st dung nhleu ciy quyét dinh dé hoc, trong d6 mdi cay
quyét dinh duoc xay dung dya trén cac trong sd cua cac cdy trude d6. XGBR st dung cac
ham méat mat dé t6i vu hoa thuat toan, dong thoi ap dung cac k¥ thuat regularization dé tranh
hién tuong qua khop (overfiting) [29].

2.2.3. Thuat toan Multilayer Perceptron Regression (MLPR)

Thuat toan MLPR 1a mdt thuadt toAn mang no-ron nhan tao dugc sir dung cho bai toan
héi quy, cu tric gdom 16p dau vao, cac 10p an, va 10p dau ra. Cy thé, 16p du vao nhan cac
dac trung cua dir liéu dau vao va chuyén chling vao mang no-ron. S6 luong no-ron trong 16p
dau vao phu thudc vao s6 luong déc trung trong dir liéu. Cac 16p a an nam gitra 16p dau vao va
16p dau ra. M01 16p an chira mot s lwong no-ron duge chon trudce, sd lwong va kich thude
ctia cac 16p an c6 thé khac nhau tiy thudc vao do phirc tap ctia bai toan va kha nang hoc cta
thuét toan. Lop dau ra chira mot s6 lwong no-ron tuong tmg véi sd luong bién muc tiéu trong
bai toan hdi quy, mdi nut trong 16p dau ra tinh toan gia tri md phong cuia bién muyc tiéu.

Cac no-ron trong cac 16p dau vao, 10p an va 16p dau ra két ndi véi nhau thong qua cac
trong s6 va ham kich hoat. Qua trinh tinh toan trong MLPR dugc thyc hién bang cach lan
tmyen thudn, trong d6 théng tin duoc truyén tir 16p dau vao qua cac 16p an va cudi cing dén
16p dau ra dé tao ra du doan.

2.2.4. Thuat toan Convolutional Neural Network CNN

Thuat toan CNN da duoc phat trién véi bon ¥ tudng: truong tiép nhan cuc bo (Local
receptive field), trong s chung (Shared weights), ldy mau con khong gian (Spatial
subsampling) va str dung nhiéu 16p (Pooling layer). Mot trong nhiing loi ich cia mang nay
la trong sb duoc chia sé gitp giam sé lugng tham s. Mot thuat toan CNN dién hinh bao gom
ba loai 16p: 16p tich chap (Convolutional layer), 16p ldy mau con (Subsampling layer) va 16p
két ndi day du (Fully connected layer) [30].

Trong linh vuc moéi truong, thuat toan CNN 1D ¢ thé dugc ap dung dé phan tich va md
phong cac dir liéu lién quan dén mai trudng nhu dir liéu khi quyén, chat luong khong khi, va
dir liéu dia chat. Cy thé, CNN 1D c6 kha nang xir ly cac chudi dit liéu khéng gian va thoi
gian, nhu dit liéu vé ndng do & nhidm khéng khi theo thai gian, dit liéu vé thay doi khi hau,
hay dir liéu vé su bién ddi dia chat trong mét khu vuc.

2.3. Banh gia hiéu qua mo phong

Hi¢u qua mé phong cua cac mé hinh duoc danh gia bang phuong phép d6 thi va phuong
phap thong ké nham so sanh chét luong va do tin cdy cua két qua md phong tir cac mo hinh
v61 80 ligu thue do. Trong nghién ctru ndy, cac chi s6 dugc dung dé danh gia d6 hiéu qua cua
cac mo hinh bao gdm hé sé twong quan riéng phan pearson (r), chi sd tuong dong (IOA) va
d6 léch trung binh chuan hoa (NMB). Céch tinh ciia ting chi s6 dugc trinh bay 1an luot trong

cac cong thirc 1, cong thirc 2 va cong thue 3. Tiéu chuan danh gia hi€u qua m6 phong cua
md hinh dya trén ba chi s6 thong ké r, [OA va NMB dugc the hién ¢ Bang 2.

R=2BPXO0] o g oR<q (1)
\/z(Pj—F)ZXZ(Oj—G)Z
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2
P;—-0; .
0A=1-——2B7%" _ sio<i0a<1 )
2(|Pj~0|+|0;-0l)
Z(P -05) 0
NMB = =522 x 100 v6i, ~100% < NMB < +o0 3)
j
Bang 2. Tiéu chuin dénh gia cho cac mo hinh thuét toan vdi ba chi s6 R, IOA va NMB [31].
Chi s6 thong ké Mikc tiéu chuin PMazs
r Muc tiéuq >0,70
Tiéu chuan > 0,60
Muc ti€u > 0,80
10A Tiéu chudn >070
Muc tiéu <x10%
NMB Tiéu chudn <£20%

Trong d6 Pjva Oj 1a gi4 tri quan sat th j ctia gia tri mo phong va gia tri thuc té, P va 0
la gia tri trung binh cua gia tri mo6 phong va gia tri thuc té.

2.4. Xdy dung kich ban mé phong

Céc kich ban mé phong duogc xac dinh da trén mirc d¢ twong quan giita timg thong sd
khi tuong v&i ndng do bui PMas, theo d6 thong sb nhiét ¢ c6 muc do twong quan cao nhat
voir = 0,296, tiép theo 1an luot 1a tbe do gio, sb gio néng, do Am, hudng gid va luong mua
1a thong s6 c¢6 mirc 6 twong quan thip nhat véi ndng do PMazs. Két qua tinh toan gia tri
twong quan ddi véi ting thong s6 dugc trinh bay trong Bang 3. Cac bién dau vao cua cac
kich ban duoc x4c dinh dya trén sé luong bién dau vao va mirc d6 tuong quan tir cao dén
thap, theo d6 6 kich ban mé phong duoc xay dung va thé hién trong Béang 4.

Bang 3. Hé so twong quan Pearson (r) gira cac bién dau vao voi bui PMys.

A £ Al an Huéng gio Téc do o X S gid' niang Luong
Thong so Nhiét do (T) (WD) gié (W) Po am (H) ) mua (R)
r 0,296 0,072 0,282 0,108 0,152 0,066

Bang 4. Cac kich ban m6 phong.

Kich Ban Bien dau vao

KB1 Nhiét do (T)

KB2 Nhiét do (T), Téc do gi6 (W)

KB3 Nhiét d6 (T), Toc do gié (W), Sb gio nang (S)

KB4 Nhiét do (T), Toc do gio (W), S gio nang (S), d6 4m (H)

KB5 Nhiét do (T), Toc do gio (W), S gio nang (S), 6 am (H), Hudng gi6 (WD)

KB6 Nhiét d6 (T), Téc d6 gi6 (W), S6 gid ning (S), d6 am (H), Hudng gié (WD), Luong mua (R)

3. Két qua va thao luin

3.1. Danh gia hiéu qua mé phong cua mo hinh

Két qua danh gia hiéu qua moé phong ndng do bui PM2s theo 6 kich ban bang cac thuat
toan dua theo céac chi sb r, [OA va NMB duoc thé hién trong Bang 5. Thuat toan c6 hiéu qua
mo phong tét nhat nghia 14 c¢6 su khac biét nho nhat v6i ndng do bui PM2s quan tric.

D6i v6i thuat toan RFR, két qua mo phong khong t6t & cac kich ban KB1 va KB2 véi r
thip hon 0,6, IOA thap hon 0,7 va NMB 16n hon 10%, kich ban KB3 dat muc tiéu chuan.
Nguoc lai, hi¢u qua md phdng dat muc tdt & cac kich ban KB4, KB5 va KB6 voi r 16n hon
0,7, IOA 16n hon 0,8 va NMB bé hon 10%, trong d6 KB6 véi 6 bién dau vao cho hiéu qua
md phong tot nhat véi cac gia tri r = 0,838, IOA = 0,887 va NMB = 9,078. D0 thi so sanh
ndéng 46 PMa2s quan trac va mo phong véi kich ban t6t nhat KB6 duogc thé hién trong Hinh
4a.
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Ddi voi thuat todn XGBR, céc kich ban vai 3 thong s6 khi tuong dau vao 13 nhiét dg, toc
do gio, sb gio nang cho két qua mod phong chua dat, trong khi d6 hiéu qua mé phong dat mirc
t6t & cac kich ban KB4, KB5 va KB6 v6i R 16n hon 0,7, IOA 16n hon 0,8 va NMB bé hon
10%, va kich ban KB6 véi 06 thong s6 dau vao cho hidu qua mo phong t6t nhat voi cac gia
tri r = 0,854, I0A = 0,922 va NMB = 6,711 (Hinh 4b).

Dbi véi thuat toan MLPR, hiéu qua mé phong khong tt & cac kich ban KB1, KB2, KB3
va KB4 véi r thip hon 0,6, IOA thap hon 0,7 va NMB 16n hon 10%, va kich ban KB6 dat
hiéu qua mé phong t6t nhat véi r = 0,771, IOA = 0,875 va NMB = 3,217 (Hinh 4c).

Dbi v6i thuat toan CNN, két qua cho thay thuat toan CNN khong thé mod phong tot nong
d6 bui PM25 tai khu vuc nghién ciru, cu thé két qua so sanh giira nong d6 PMzs quan trac va
md phong cho thay r thip hon 0,5, IOA thip hon 0,7 va NMB déu 16n hon 10% & tat ca cac
kich ban. Ngoai ra, d6 thi thé hién két qua mo phong trong kich ban KB6 (Hinh 4d) cho thay,
gia trl nong d6 bui PMas mo phong tir thuat toan CNN nhé hon rat nhiéu so véi gia tri quan
trac.

Biéu dé néng doé bui PM2.5 gilra gia tri quan sat va mé phdng Biéu dé néng dé bui PM2.5 giira gia tri quan sat va mé phdng
—— Quan sét —— Quan sat
ol (@) —— M6 phéng ol (B) —— M6 phéng
50 50
2 40+ 2 401
D’ D\
n f I 0
& o
Z 30 £ 30 4 1
|
20 4 20
/ I i
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o 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Bi€u d6 néng d6 bui PM2.5 giira gia tri quan sat va mé phéng Bi€u d6 noéng do6 bui PM2.5 gilra gia tri quan sat va mé phong
—— Quan sat —— Quan sat
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Hinh 4. Két qua mo phong ndng d6 bui PMys tot nhit ciia bon thuat toan: (a) RFR - KB6; (b) XGBR
- KBS6; (c) MLPR - KB6; (d) CNN - KBS6.

Bang 5. Hiéu qua mo phong nong do bui PM2s cho céc kich ban giira céc thudt toan trong qua trinh kiém tra.

Thuit Chi sb Kich Bin
toan KB1 KB2 KB3 KB4 KB5 KB6
r 0,302 0,476 0,759 0,79 0,835 0,839
RFR I0A 0,483 0,658 0,837 0,862 0,884 0,887
NMB 17,901 15,167 11,21 9,373 8,965 9,078
r 0,332 0,396 0,392 0,775 0,826 0,854
XGBR I0A 0,508 0,556 0,604 0,881 0,909 0,922
NMB 17,185 15,996 15,893 6,106 2,408 6,711
r 0,253 0,39 0,523 0,568 0,7 0,771
MLPR I0A 0,414 0,528 0,701 0,732 0,83 0,875
NMB 18,888 18,463 20,031 5,763 16,87 3,217
r 0,238 0,367 0,388 0,432 0,448 0,454
CNN I0A 0,379 0,491 0,506 0,558 0,571 0,578

NMB 23,636 20,61 19,39 20,607 22,094 20,091
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3.2. Bg thong 56 thudt todn téi wu

Nhin chung, cac két qua cho théy, kich ban KB6 voi 6 thong s6 khi twong dau vao 1a
nhiét d6 (T), tbc do gid (W), sb gio ning (S), do a 4m (H), huéng gié (WD) va lugng mua (R)
¢ ca 4 thuat toan déu cho hiéu qua mé phong t6t nhat. Bén canh d6, khi so sanh hiéu qua mé
phong t6t nhat giita bdn thuat toan, két qua tir Hinh 4 va Bang 5 cho thdy XGBR cho hiéu
qua md phong ndng dd bui PMas tai khu vuc trung tim TP.HCM tdi uu nhat. B tham s6 tdi
wu cta thuat toan XGBR dugc thé hién trong Bang 6, bao gém cac siéu tham sb max_depth,
gamma, learning_rate, n_estimators, subsample, gié tri cic siéu tham s nay dugc xac dinh
bang ham GridSearchCV véi thoi gian hudn luyén 1a 30 phat. Két qua nay twong dong voi
két qua trong nghién ciru [20], nghién ctru ndy ciing sir dung céc thuat toan RF, XGB va DNN
cung voi bo dir liéu khi tuong dé du bao noéng do PMas va cho thiy XGB cho hiéu qua mé
phong t6t nhat. Xét vé bo tham s tdi uu, gid tri cua tham s6 max_depth & hai nghién ctu
gidng nhau déu bang 8, riéng cac tham s6 gamma va n_estimators cua nghién cau [20] lan
luot 1a 0,7 va 200, c¢6 su chénh 1éch so v&i nghién ciru nay. Diéu nay cé thé do su khéc biét
vé dic trung va do 16n cia bo dit lidu str dung.

Béang 6. Bo tham s6 toi wu cua thuat toan XGBR.

Tham sb Y nghia tham sb Gia tri
. Kiém soat sy anh huong cua mdi cdy quyét dinh dén két qua va toc
learning_rate d6 hoe C},la XGB. ) o 0,6
max_denth D9 sau t6i da ciia moi cdy. Cay sau hon c6 thé ndm bat dugce cac tuong 8
-dep tac phire tap hon nhung c6 thé gay overﬁttlng
Xac dinh muc d6 giam ti thiéu ciia ham méat mét can dat duogc dé tiép
gamma 0,2
tuc phan chia mot nit cay. o
subsample Kiém soat ty 1¢ mau dugc s dung d¢ huan luyén ting cay. 0,6
colsample_bytree I;;ll;m soat ty 1€ cot (bien dau vao) dugc sir dung dé huan luyén ting 0.6
Sb luong cay s& dugc xdy dung trong qué trinh huin luyén. Tang sb
n_estimators luong cay c6 thé cai thién hiéu suat nhung ciing ting thoi gian huan 300
luyén.

Bén canh d6, tir bang thong ké hiéu qua mo phong & 6 kich ban trong Bang 5 ¢6 thé thay,
két qua trong KB6 va KB5S khong c6 su chénh 1éch nhiéu & thuat toan XGBR, va két qua khi
str dung 05 thong sb dau vao van dat hiéu qua moé phong cao véi r = 0,826, IOA = 0,909 va
NMB = 2,408, vi vay c6 thé thay yéu té lugng mura khong anh hudng nhiéu dén nong do bui
PMzs tai khu vue nghién ctru. Do do, trong truong hop khong du dir liéu luong mua van c6
thé sir dung 05 thong s6 khi tugng la nhiét do, toc do gio, so gio nang, do am, hudng gio dé
mo phong néng d6 PMz2s ma van dam bao hidu qua mé phong.

4. Két luén

Nghién ctru da thuc hi€én mo phong nong do bui PM2 s tai khu vyc trung tam TP.HCM
bang thuat toan hoc méy va hoc sau bao gdm bdn thuat toan RFR, XGBR, MLPR va CNN.
Sau kich ban mo phong duoc xay dung dua trén muirc dg twong quan riéng phan giita nong
d6 PM2s va sau thong sb khi tugng: nhiét do, toc do gio, sé gio nang, do am, huong gi6 va
lwong mua. Két qua mo phong ndng d6 bui PM2s duoc danh gia thong qua céc chi sb r, IOA
va NMB.

Két qua cho thay cac thuat toan hoc may nhu RFR, XGBR va MLPR dat dugc dg chinh
xac va hiéu suét t6t trong viéc mo phong nong do bui PMys. Dic biét, thuat toan XGBR voi
06 thong s dau vao di dat hiéu qua mo phong cao nhat vai cc chi sé r= 0,854, IOA = 0,922
va NMB = 6,711. Két qua nay cho thay kha ning cua thudt toan hoc may trong mo phong
dién bién chat luong khong khi théng qua ndng do bui PM2s 1a rat tot. Két qua cia nghién
ctru ¢6 thé duoc sir dung trong nhing bai toan vé mé phong nong do bui tai khu vuc trung
tam TP.HCM, ciing nhu nhitng khu vuc khéac c6 diéu kién twong tu.
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Trong nhing nghién ctru tiép theo, dé nang cao hidu qua mé phong s& xem xét dén nhimng
thong s6 chat luong khong khi khac nhu CO2, SO,.. nhu cac bién dau vao va thir nghiém céc
thudt toan khac. Bén canh d6, xem xét mé rong mé phong, du bao cic thong s 6 nhiém khac
phuc vu qua trinh quan li va kiém soat 6 nhiém khong khi trén dia ban TP.HCM.

Dbong gop cua tac gia: Xay dung y tuong nghién ctru: N.P.H., D.N.K.; Phuong phap: N.P.H.,
N.N.D., D.Q.L.,; Xur ly so liéu: N.P.H., N.N.D., D.Q.L.; Viet ban thao bai bao: N.P.H.,
D.N.K.; Chinh stra bai bao: N.P.H., D.N.K.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Simulation of PM2s concentration in the metropolitan region of
Ho Chi Minh City utilizing machine learning and deep learning
algorithms

Nguyen Phuc Hieu!, Nguyen Nhat Duong?, Do Quang Linh!, Dao Nguyen Khoi'*

! Faculty of Environment, University of Science, VNU-HCM:; phuchieu50@gmail.com;
19170139@student.hcmus.edu.vn; dglinh@hcmus.edu.vn; dnkhoi@hcmus.edu.vn

Abstract: The research employs three machine learning algorithms: Random Forest
Regression (RFR), XGBoost Regression (XGBR), and Multilayer Perceptron Regression
(MLPR), and a Convolutional Neural Network (CNN) deep learning algorithm, to simulate
PM2 s concentration in the metropolitan region of Ho Chi Minh City. The dataset used spans
from 2016 to 2021 and includes daily PM2s concentration data from the U.S. Consulate
General - Ho Chi Minh City station, as well as six daily meteorological parameters:
temperature, wind direction, wind speed, humidity, sunshine hours, and rainfall collected
from the Tan Son Hoa station. The dataset is then standardized ad split into an 80:20 ratio
for the training and testing phases. Based on the results of Pearson correlation analysis
between meteorological parameters and PM2.s concentration, six scenarios are created with
different input parameters. The findings reveal that the three machine learning models are
effective in simulating PM2 s concentrations with, correlation coefficient (r) values ranging
from 0.770 to 0.854. The XGBR model performs the best when all six meteorological
parameters are used, attaining an r of 0.771, an Index of Agreement (I0A) of 0.875, and a
Normalized Mean Bias (NMB) of 3.217. Nonetheless, it is important to note that the CNN
algorithm does not produce satisfactory results, with an r value less than 0.5 in all scenarios.

Keywords: PM2s; Machine learning; Deep learning; Ho Chi Minh City.
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Tém tat: Nhiéu dich vu xtr 1y dit liéu GNSS tryc tuyén di duoc cong bd nhung chua co
khéo sat vé kha nang ung dung cac dich vu néu trén trong cong tac tric dia - ban do tai Viét
Nam. Bai bao tién hanh khao sat dé danh gia kha ning ap dung céac dich vu xur 1y dit liéu
truc tuyén nhu OPUS, AusPOS, GAPS, CRCS-PPP va GNSS converter voi dir liéu do thu
nhan dugc bdi tram CORS véi tén goi CTHO thudc mang ludi VNGEONET cua Viét Nam.
Qua két qua xur ly cho théy dd chinh xac xac dinh toa do vé mat béng cua 4 dich vu AusPOS,
GAPS, CRCS-PPP va GNSS converter 1a rat tot trong khi d6 két qua xtr 1y v6i OPUS chi
dat dugc do chinh xac & mtrc cm. Dich vu CRCS-PPP cho d¢ 1éch so vdi toa do trung binh
va bién thién cac thanh phan toa do tot nhat & mic 1 mm tiép d6 1a cac dich vu AusPOS,
GAPS va GNSS converter dat 2-3 mm. Di véi dich vu OPUS, d6 1éch toa do trung binh va
bién thién toa d6 déu chi dat & mtrc cm. Két qua nghién ctru ctia bai bao khang dinh vé tiém
nang khi ing dung dich vu xtr 1y dir li€u truc tuyén trong cong tac tric dia - ban do tai Viét
Nam.

Twr khéa: GNSS; PPP; Processing GNSS online; OPUS; AusPOS; CRCS-PPP.

1. M& dau

Céac phuong phap xur Iy dir liéu GNSS cho ra cac két qua véi do chinh xac khac nhau.
Trong céc truong hop doi hoi do chinh xac cao, ¢ thé ap dung phuong phap dinh vi tuyét
dbi chinh xac (PPP) hodc phuong phap xur 1y dit liéu dwa trén mang ludi nhu Gamit/Globk,
Bernese,... Khi chon phuong phap PPP, ngudi ta c6 thé st dung cac dich vu dit lidu truc tuyén
nhu AusPOS, OPUS, hodc st dung tinh ning xir Iy PPP ¢6 sin trong cic phan mém da dé
cap.

Dinh vi tuyét ddi chinh xdc dugc dé xuat tir rat sém (ndm 1976) [1]. Tuy nhién, chua
duogc ap dung ngay vao thyc té vi chua c6 nhimg nghién ciru danh gia vé mat do chinh xac
dat duoc cho mdi muc tiéu Gmg dung cu thé. Nghién ctru [2] dd danh gia d6 chinh xac xt Iy
PPP dua trén dich vu dinh vi tuyét d6i ciia Canada (CRCS - Canadian Spatial Reference
System). Két qua dinh vi bang PPP dugc so sanh voi két qua xtr Iy bang phan mém Bernese
phién ban 5.0 véi do léch & mirc 4 mm theo hudéng Béc va phuong thing dimg. Tuy nhién,
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v6i cac nudc dang phat trién hodc cic ving xa x6i noi ma ha tang dinh vi chua phat trién thi
phuong phap nay hoan toan co thé duoc sir dung [2] Ciing str dung dich vu PPP CRCS,
nghién ctru [3] da danh gia do chinh xac xdc dinh chiéu dai canh duoc do bang may thu mot
tan sd voi chiéu dai 1an luot 1a 1, 6, 7 va 10 km. Dit liéu do duoc xur 1y theo hai phuong an
d6 1a: (1) sir dung dich vu CRCS va (2) xir Iy canh theo phuong phap théng thudng. Két qua
so sanh cho théy, dd 1éch chiéu dai canh & muc 3 dm. Két qua xu ly st dung dich vu CRCS
cling da duoc so sanh voi két qua xur 1y sir dung phan mém ma ngudn mé RTKLib [4]. Dit
liéu do duoc thu nhén tai hai diém trong sau ngay do va duoc xtr 1y theo cac diy thoi gian
khac nhau bao gdm 0,5 gio, 1 gio, 2 gio va 4 gio.

C6 nhiéu dich vu xir 1y dit liéu GNSS truc tuyén theo phuong phap PPP da duoc thiét
1ap boi cac qudc gia. Két qua xur Iy PPP cua cac dich vu nhu APPS, GAPS, CRCS-PPP,
Magic-PPP da dugc Qiuying Guo so sanh va danh gia vaéi dir liéu do ctia 23 tram thudng truc
cta IGS [5]. Cac két qua wéc luong gia tri toa do va do tré tang dbi luu theo phuong thién
dinh (ZTDs) duoc so sanh véi cac s6 liéu dugc cong bd boi IGS. Két qué thuc nghiém cho
thdy su khac biét gitra ZTD theo gia tri APPS va IGS hau hét nim trong khoang +1 cm. Déi
v6i PPP ¢6 thoi gian quan sat ngan, do chinh xéac cta cac thanh phan N/E trong khoang thoi
gian quan sat 2, 1 va 0,5 gio c6 thé dat trong tng khoang 2-3, 2-7 va 3-8 cm, trong khi do
chinh x4c cuia cac thanh phan do cao tric dia 1a l1an luot 12 khoang 3-5, 5-12 va 10-18 cm.
Nghién ctru [6] ciing da danh gia két qua xu 1y véi cac dich vu xu 1y dir liéu truc tuyén 1a
APPS, GAPS, CRCS-PPP dé xem xét kha ning ing dung céc dich vu nay tai chau Phi.

Két qua xu 1y véi cac dich vu CRCS-PPP, AusPOS, Auto-GIPSY da dugc so sanh véi
két qua xtr Iy bang Grafnav va RTKLib trén co so cac dir liéu do thugc mang ludi NIGNET
ctia Nigeria [7]. Vi két qua thuc nghiém thu duoc, cc tac gia két ludn, cac giai phap xu 1y
dir liéu GNSS tryc tuyén c6 thé ing dung trong mét sé linh vuc do dac - ban d6. Str dung
giai phap xu Iy CRCS-PPP, nghién ctru [8] di két luan rang st dung két hop dir licu
GPS+GLONASS cho két qua tot hon so véi chi sir dung dit liéu GPS.

S6 lwong may thu trong cac linh vuc dinh vi GNSS dong chiém hon 90% tong s6 may
thu [1]. P9 chinh x4c ciing nhur thoi gian hoi tu két qua xir Iy PPP thoi gian thuc da duoc [9]
danh gia theo do6 khi sir dung két hop dir li¢u cua 3 hé théng GPS, GLONASS, BeiDou thi
théi gian hoi tu giam xudng xap xi 8% va do chinh xac tang 1én x4p xi 8%. Str dung giai phap
wdc luong dong hd, do chinh xac xtr 1y hdn hop dir liéu cua cac hé thong vé tinh GNSS dat
dugc sai s6 & mirc 4 cm vé mat bang va 2 cm tuong tmg vé do cao khi xtr 1y dit liéu thoi gian
thyc [10]. Kha nang xur ly cua céc gidi phap xu 1y dir liéu truc tuyén da dugce nghién ctru [12]
so sanh vdi giai phap st dung dich vu RTX. Két qua nghién ciru chi ra rang, sir dung dich vu
xu ly dir liéu GNSS tryc tuyén gop phan giam 75% thoi gian so véi phuong phap truyén
thong Do 1éch chuén tdi da thu duoc 13 15,4 cm tir dich vu APPS véi thoi gian dudi hai gio,
trong khi d6 1é€ch chuén t6i thiéu 1a 0,07 cm va thu dugc tir CSRS-PPP véi thoi gian tir 6 dén
12 gio.

D¢ chinh xéc cta dich vu dinh vi chinh xac thoi gian thuc toan cau Trimble CenterPoint
RTX di duoc danh gia bang viéc sir dung dich vu CRCS-PPP. Két qua danh gia cho thy
dinh vi thoi gian thuc 3D dat dugc d6 chinh xac dén timg centimet trong thoi gian hoi tu Vai
phut [13]. Khd nang xu ly cua cac dich vy AusPOS, CRCS-PPP ciing dé dugc danh gia khi
so sanh vai két qua xir 1y bang cac phin mém thuong mai xir Iy canh ngan nhu Compass Post
Process va GNSS Solution. Két qua thyc nghiém cho thy, v6i muc khac biét 5% vé do chinh
xac trong két qua xir 1y gitra cac dich vu xtr Iy dir liéu tryc tuyén voi cac phan mém thuong
mai chtng t6 tinh hiéu qua cta cac dich vu néu trén [14]. Nghién ctru [15] d3 danh gia két
qua xu ly dir liéu GNSS st dung céc dich vu AusPOS, OPUS, CRCS-PPP v6i Magic-GNSS
va cho do chinh xac két qua dat duoc & muc cm khi xtr 1y dir li¢u véi do dai 3 gio.

Két qua xir 1y dit liéu v6i cac dich vu truc tuyén da duge ddi chiéu véi két qua xir Iy bang
cac phan mém ma ngudn mé [16, 17]. Trong nghién ctru [16], cong cu xtr Iy PPPH Matlab
da duogc danh gia so véi céc dich vu tryc tuyén GAPS va CRCS-PPP. Tur két qua xu ly béng
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nhiéu dich vu truc tuyén va cong cy ma nguén mé&, PRIDE-PPPAR duoc xac dinh 1a c6 két
qua t6t nhat, véi sai s6 trung binh 13 5,52, 5,40 va 6,79 mm tuong (mg voi cac hudng Pong,
Bic va do cao [17].

Nghién ctru [18, 19] d4 tién hanh nghién ctru va phat trién chuong trinh xur 1y dir liu
RINEX, v6i két qua dat duoc 13 phin mém GNSS-Adj. Nghién ctru di x4y dyng cac mé dun
lién quan dén dinh vi tuyét ddi thong thuong, dinh vi tuyét ddi chinh xéc sit dung phép loc
Kalman mé rong, tim kiém s nguyén da tri va dinh vi tuong dbi,...Nghién ctru [20] da ap
dung phuong phap phén tich dir liéu tir mot s6 tram CORS tai Viét Nam trong giai doan
2016-2018 dé xac dinh van téc chuyén dich cta vo trai dat. Trong nghién ctru ndy, van toc
chuyén dich dugc x4c dinh bang phuong phap PPP di duoc so sanh véi két qua tir phan mém
Bernese, v6i do 1éch 16n nhét dat t6i 6 mm.

Bang cach sir dung giai phap xir Iy PPP véi cong cu PPPC, nghién ctru [21] d3 phan tich
chudi chuyén dich theo thoi gian tir dit liéu ciia mot sé tram CORS trén 1anh tho Viét Nam.
Sau do, cac két qué nay da dugc phan tich dé tim ra quy luat chuyén dich cua vo trai dat tai
cac vi tri twong tmg. Trong mot nghién ctru khac [22], viée két hop dir liéu tir cac hé thong
GPS, GALILEO, BEIDOU dé thuc hién dinh vi tuyét ddi chinh x4c da duge ap dung. Két
qué thyc nghiém cho thay d6 chinh x4c cac thanh phan toa d6 da duoc cai thién 1én dén 60%
so voi viée chi st dung dir liéu tur hé théng GPS.

Tir cac phan tich néu trén co thé thay, két qua xtr 1y dir liéu GNSS béi céac dich vu truc
tuyén cho két qua va do chinh x4c khac nhau. Bén canh do, chua c6 nghién clru nao tai Viét
Nam déanh gia vé két qua xir Iy dit liéu GNSS truc tuyén véi cac dich vu khac nhau. Muc tiéu
cta nghién ctru nay do6 1a khao sat két qua nhan dugc boi 5 dich vu xtr 1y dir liéu GNSS truc
tuyén dé 1a OUPS, AusPOS, GAPS, CRCS-PPP va GNSS converter.

2. Dir li¢u va phuwong phap nghién ciru

2.1. Cac dich vu xir ly diz liéu truc tuyén

a) CRCS-PPP

CSRS-PPP 1a mét dich vu tryc tuyén dé xir 1y sau dir liéu GNSS, cho phép ngudi ding
xéc dinh vi trf v&i do chinh x4c cao tir dit liéu quan sat gdc ciia ho. Cac udc luong ciia CSRS
dugc tinh toan tir cac quan sat pha mang hodc ma pseudo-range cua ca bg thu tan s6 don va
tan sd kép. Ngudi dung co thé giri dir liéu quan sat trong dinh dang RINEX tur b thu tan s
don hodc tan sb kép hoat dong & ché do tinh hodc chuyen dong qua internet dé dugc xu ly
tiép [23].

b) GAPS

Phan mém 15i trong dich vu GAPS da dugc phat trién vao nam 2007 tai Pai hoc New
Brunswick va cung cdp cho ngudi ding viée xac dinh vi tri chinh xac & ca ché do do tuyét
dbi tinh va dong. Thong qua viéc str dung cac san pham quy dao va dong hd chinh xac duoc
cung cp boi cac ngudn nhu Dich vu GNSS Quoc té (IGS) va Tai nguyén Ty nhién Canada
(NRCan), c6 thé dat duoc viéc xac dinh vi tri cap do centimet & ché d6 tinh va cap do decimet
& ché do chuyén dong néu co du thoi gian hoi tu [24].

c) OPUS

OPUS la mét dich vy xir Iy dit liéu GNSS tryc tuyén mién phi dwoc quan 1y va van hanh
bdi Co quan Quan 1y khi quyén va Pai duong Hoa Ky (NOAA). Dich vu nay cho phép xir
ly dir liéu do theo ca hai ché do dinh vi 1a tinh nhanh va tinh. Cac budc xir 1y dit liéu véi
OPUS bao gom: (1) tai dit liéu, (2) lva chon loai dng ten, (3) khai bao chiéu cao ang ten, (4)
cung cép dia chi email dé trung tim xir ly guri két qua. Bén canh ché d¢ xur Iy mic dinh, dich
vu con cho phép ngudi dung thay dbi cau hinh xtr Iy & muc xir 1y nang cao [25].

d) AusPos

AUSPOS 1a mét co sé xir 1y dir liéu GNSS truc tuyén mién phi duoc cung cip boi
Geoscience Australia. N6 tdn dung cd Mang Ludi Tram IGS va pham vi san phém IGS.
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AUSPOS hoat dong voi dit liéu thu thap ¢ bat ky noi ndo trén Trai Dat. Nguoi st dung cd
thé gui dir lieu GPS RINEX chét lugng dia dao tan s6 kép duoc quan sat trong ché d6 “tinh”
dén hé thong x1r Iy dir liéu GPS. Két qua xir Iy s& duoc giri t6i email cua ngudi dung véi toa
dd cua diém dugc tinh trong cac hé toa do nhu GDA2020, GDA94 hoac khung tham chiéu
trai dat qudc té (ITRF) [26].

e) GNSS converter

Nén tang nay, do Hexagon Positioning Intelligence xay dung va van hanh, mang lai cac
dich vu GNSS da dang nhu cac giai phap dinh vi PPP, RTK, dinh vi mang, cung cac giai
phap ting khi quyén va quy dao chinh xac. Hon nira, nén tang nay ciing cung cip cac giai
phép quan tric bién dang str dung cong nghé GNSS [27].

2.2. Dir liéu va phwong phap nghién cuu

Dit liéu sir dung trong nghién ctru nay dugc cung cap boi Cuc Do dac, Ban dd va Thong
tin dia 1y Viét Nam thu nhén boi tram CORS cua mang lu6i VNGEONET c6 tén goi CTHO
dat tai thanh ph6 Can Tho. Céc thong tin vé dir li¢u sir dung dugc cho nhu trong bang 1.

Bang 1. Thong tin vé& dit liéu nghién ciu.

Tén tram Thoi gian Gién céch thu tin hiéu Loai may thu/ing ten
26/8/2019
01/01/2022
CTHO 30 gidy LEICA GR50/
02/01/2022 LEIAR25.R4 LEIT

03/01/2022

Dtr liéu do duoc chuyén ddi vé dinh dang dir 1liéu RINEX trudc khi dua vao tinh toan
boi cac dich vu nhu da dugc gidi thi¢u trong muc 2.1.

Khi xir Iy dit liéu, Iya chon ché d6 xir Iy mac dinh va chi cung cap cac thong tin nhu loai
ang ten, chiéu cao dng ten (néu cd). Toa do cua tram duoc tinh toan trong hé toa do ITRE-
14. Phuong phéap nghién ciru duge thé hién nhu trong hinh 1.

Dit liéu do tho

« Chuong trinh chuyén d6i dinh dang dit Liéu
r

RINEX

4 Dich vu xtr Iy dir liéu true tuyen

Y

Toa dd va do chinh xéc xdc
dinh céc thanh phan toa do

Hinh 1. Quy trinh thyc nghiém cua bai bao.

3. Két qua va thao luan

Dir liéu nhu da mo ta trong bang 1 duoc xur ly theo quy trinh trong hinh 1 st dung 5
dich vu xtr ly dir liéu tryc tuyén la OPUS, AusPOS, GAPS, CRCS-PPP va GNSS converter
voi két qua dugce cho tuong g trong bang 2 t&i bang 6.
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Bang 2. Két qua xur 1y v6i dich vu OPUS.

Tén Thei gian Céc thanh phan tea d§/ do chinh xac (m)
tram g X/BImx/me Y/L/mvim. ZIHImZImn
26/8/2019 ~1706954.144/10°01° 6044981.034/105%6 1103170.784/3.465/
36.56255”/0.053/0.004 06.154077/0.018/0.046 0.006/0.032
L0120y -1706954.203/10°01° 6044980.972/105%6 1103170.761/3.418/
cTHO 36.56204/0.018/0.010 06.156487/0.016/0.015 0.011/0.019
02/01/2022 -1706954.198/10°01° 6044980.985/105%46 1103170.766/3.430/
36.56215”/0.011/0.010 06.156237/0.020/0.014 0.013/0.020
-1706954.166/10°01° 6044980.985/105%46
03/01/2022 2655104 06,1502 1103170.758/3.420
B 1706954.189 6044980.981 1103170.762
Bang 3. Két qua xir Iy v6i dich vu AusPOS.
Tén Thei gian Céc thanh phan toa d§/ do chinh xac (m)
tram g X/BIms Y/LImo Z/H/mn
-1706954.150/10° 6044981.017/105%46’
26/8/2019 01°36.5625710.008 06.1544°10.006 1103170.779/3.450/0.016
-1706954.208/10° 6044980.981/105°46
o 01/01/2022 01°36.5615°/0.006 06 1566°10.004 1103170.759/3.428/0.011
-1706954.204/10°01° 6044980.981/105°46
02/01/2022 26.50207/0.006 06.1564°/0.003 1103170.762/3.428/0.010
-1706954.207/10°01° 6044980.979/105%46
03/01/2022 36.5600°/0.007 06 1566710.004 1103170.761/3.426/0.011
B ~1706954.206 6044980.980 1103170.761
Bang 4. Két qua xtr Iy v6i dich vu GAPS.
Tén Thei gian Céc thanh phan tea d§/ o chinh xac (m)
tram g X/BImx Y/L/my Z/HImz
-1706954.157/10°01°  6044980.998/105%6
26/8/2019 36 5608°10.001 & 1548710.002 1103170.785/3.4354/0.001
-1706954.208/10°01°  6044980.968/105%6
o 01/01/2022 36.5691710.001 06 1567°10.002 1103170.761/3.4164/0.001
-1706954.206/10°01°  6044980.964/105%6
02/01/2022 36.56927/0.001 06 1567-10.002 1103170.764/3.4118/0.001
-1706954.208/10°01°  6044980.965/105%46
03/01/2022 36.5692°/0.001 06 1567°/0.002 1103170.763/3.4133/0.001
B ~1706954.207 6044980.966 1103170.763
Bang 5. Két qua xtr 1y véi dich vu CRCS-PPP.
Tén Thei ian Céc thanh phan tea d§/ dé chinh xac (m)
tram g X/B/ms Y/, Z/HImn
-1706954.150/10°01°  6044981.014/105%6°
26/8/2019 36.56953710.002 06, 1544510.003 1103170.781/3.4473/0.009
-1706954.204/10°01°  6044980.976/105%6
o 01/01/2022 26.562087/0.002 06 1565710.003 1103170.763/3.4224/0.009
-1706954.205/10°01°  6044980.977/105%6
02/01/2022 26.56208710.002 06, 1565.1/0.003 1103170.763/3.4239/0.010
-1706954.206/10°01°  6044980.976/105%6
03/01/2022 36.56907/0.002 06, 156267/0.003 1103170.763/3.4229/0.010
B ~1706954.205 6044980.976 1103170.763
Bang 6. Két qua xtr 1y véi dich vu GNSS converter.
Tén Thei gian Céc thanh phan tea d§/ dd chinh xac (m)
tram g X/BImx/ms Y/L/mvim. Z/HImZImn
- 0 > 0 )
CTHO  26/8/2019 . 1706954.154/10°01"  6044981.0107105°46 4316 253/3 4448/0.001/0.004

36.5626/0.002/0.001

06.1546/0.004/0.002
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Tén Thei gian Céc thanh phan tea d§/ o chinh xac (m)
tram g X/BImx/ms Y/Limv/m. Z/HImz/ms
- 0 > 0 )
01/01/2022 1706954.208/10°01 6044980.982/105° 46 1103170.765/3.4303/0.001/0.004

36.56217/0.002/0.001  06.15667/0.004/0.002
-1706954.207/10°01°  6044980.980/105° 46’

02/01/2022 36.5621/0.002/0.001  06.15667/0.004/0.002 1103170.766/3.4279/0.001/0.004
-1706954.210/10°01°  6044980.985/105° 46’
03/01/2022 36.5622/0.002/0.001  06.15667/0.004/0.002 1103170.766/3.4334/0.001/0.004
B -1706954.208 6044980.982 1103170.766

Trong bang 2 dén bang 6, gia tri cac thanh phan toa do trung binh (TB) dugc tinh tir cac
thanh phan toa d6 xac dinh duoc tir ngay 01/01 dén 03/01/2022. Két qua xur Iy véi GNSS
converter, OPUS cung cép déy du dd chinh xac cua cac thanh phﬁn toa d6; AusPOS, CRCS-
PPP cung cép dd chinh xéac xéc dinh toa do trac dia con dich vu GAPS chi cung cép d6 chinh
X4&c xé4c dinh thanh phan toa do X, Y, Z. Céu truc thong tin trong cic bang nay bao gom: X,
Y, Z la cac thanh phﬁn toa dg trong h¢ toa do vudng géc khong gian dia tam; B, L, H 1a cac
thanh phén toa do tric dia; ms, ML, mMn va mx, my, mz 1a do chinh xac xac dinh cac thanh
phﬁn toa do tuong ung. Tur két qua trén co thé théy, khi xtr 1y véi cac dich vu nhu GNSS
converter, CRCS-PPP va GAPS cho d6 chinh xac xac dinh céc thanh phéan toa do rat nho
(du6i 5 mm) ngoai trir thanh phan d6 cao xac dinh véi CRCS-PPP dat 1 cm. Két qua xir Iy
vo1 hai dich vu con lai cho do chinh xac kém hon.

Nghién ctru tiép tuc khéo sat gia tri do léch toa do trung binh va bién thién cac thanh
phan toa do giira cac ngay lién tiép nhau véi két qua duoc thé hién trén bang 7.

Bang 7. D6 1éch toa d¢ trung binh va bién thién toa do theo ngay.

. o D) léch so véi toa dd trung binh Bién thién toa d¢ theo ngay
Dich vu Thai gian

X (m) Y (m) Z (m) X (m) Y (m) Z (m)

01/01/2022 -0,014 -0,009 -0,001
OPUS 02/01/2022 -0,009 0,004 0,004 0,005 0,013 0,005
03/01/2022 0,023 0,004 -0,004 0,032 0 -0,008

01/01/2022 -0,002 0,001 -0,002
AusPOS 02/01/2022 0,002 0,001 0,001 0,004 0,000 0,003
03/01/2022 -0,001 -0,001 0,000 -0,003 -0,002 -0,001

01/01/2022 -0,001 0,002 -0,002
GAPS 02/01/2022 0,001 -0,002 0,001 0,002 -0,004 0,003
03/01/2022 -0,001 -0,001 0,000 -0,002 0,001 -0,001

CRCS- 01/01/2022 0,001 0,000 0,000
PP 02/01/2022 0,000 0,001 0,000 -0,001 0,001 0,000
03/01/2022 -0,001 0,000 0,000 -0,001 -0,001 0,000

GNSS 01/01/2022 0,000 0,000 -0,001
converter 02/01/2022 0,001 -0,002 0,000 0,001 -0,002 0,001
03/01/2022 -0,002 0,003 0,000 -0,003 0,005 0,000

Bang 8 co thé théy, khi xtr Iy vd1 CRCS-PPP cho gia tri d¢ 1éch so véi toa do trung binh
va bién thién thanh phan toa do theo ngay 1a nho nhét. Cac két qua xtr Iy voi GAPS, AusPOS,
GNSSS converter cho d6 1éch 16n hon mot chiit nhung gan nhu déu nhé hon 5 mm. Két qua
d0 léch cac thanh phﬁn toa do xac dinh dugc khi st dung OPUS cho d¢ chinh x4c kém nhét
(1én t6é1 cm). Nhu vay co thé théy réng, két qué xac dinh sir dung céc dich vu xur ly dir li¢u
tryc tuyén (trir dich vu OPUS) cho két qua kha hoi tu va c6 thé xem xét dé tmg dung vao cac
cong tac tric dia tai Viét Nam.

Dé thiy rd hon nita hiéu qua x Iy cta cac dich vy, so sanh gia trj thay d6i do cao (Vh)
v6i két qua xir Iy sir dung phan mém Gamit/Globk véi quy trinh nhu trong [28] (PA1L) va két
qua xac dinh trong [29] (PA2). Trong nghién ctru [29], cac tac gia sit dung phan mém
Bernese phién ban 5.2 dé xac dinh luong chuyén dich cac thanh phéan toa do cia diém trén
co sé hai ngay doc 1ap. Theo d6, lwong chuyén dich thanh phan d6 cao ciia diém CTHO xac
dinh dugc theo phuong an nay la -0,01 m/nam. Trong khi d6, nghién ctru [28] phan tich
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chudi dir litu GNSS thu nhan duoc tir ngy 26/8/2029 dén 18/03/2022 dé xac dinh luong
chuyén cac thanh phan toa d6. Két qua xac dinh lwong chuyén dich thanh phan do cao xac
dinh duoc theo quy trinh néu trén d6i v6i diém CTHO 14 -0,014 m/nam. Két qua so sanh sy
thay ddi do cao duge thé hién trén bang 8.

Bang 8. So sanh sy thay ddi do cao.

. P léch (m)
Dich vu VH (M) PAL PAD
OPUS -0,018 -0,004 -0,008
AusPOS -0,100 0,004 0,000
GAPS -0,009 0,001 0,001
CRCS-PPP -0,008 0,006 0,002
GNSS converter -0,006 0,008 0,004

Bang 8 c6 thé théy, gia tri do léch dd cao xac dinl} thf:o dich vu GAPS c¢6 do 1éch nho
nhat. Tuy nhién, can luu y rang viéc xac dinh su thay doi vé do cao trong PA1 st dung chuoi
thoi gian trong khoang 2,5 nam.

4. Két luan

Dinh vi tuyét d6i chinh xac (PPP) dugc khéng dinh c6 thé dat dugc d6 chinh xac & muc
cm. DBé phat huy uu dlem ctia xtr Iy PPP, nhiéu dich vy xtr ly dir liéu GNSS tryc tuyén cling
nhu phan mém ma nguén mé di duge xdy dung va cong b6. Cac két qua khao sat trén thé
gidi cho thay, hoan toan c6 thé tmg dung trong nhiéu ndi dung cong viéc co sir dung tin hiéu
ctia cac vé tinh dinh vi va dan duong.

Bai bao da tién hanh khao sat xur 1y dir liéu GNSS thu nhan dugc boi tram thu GNSS
CORS c¢6 tén CTHO st dung 5 dich vu xir Iy PPP truc tuyén d6 1a OPUS, AusPOS, GAPS,
CRCS-PPP va GNSS converter. Tir két qua nhan duoc cho thiy, st dung cac dich vu xir 1y
dir liéu truc tuyén dat két qua tdt ngoai trir dich vu OPUS cho dd chinh xac thép, do 1éch toa
d6 trung binh ciing nhu bién thién toa do 16n. Vi do chinh x4c xac dinh toa do dat dugc nhu
trén, hoan toan co thé ung dung két qua dat dugc voi dich vu xur 1y dir 1iéu GNSS truc tuyén
trong cong tac tric dia - ban db tai Viét Nam.

Bai bao mdi khao sat vé do 1éch toa do, bién thién cac thanh phﬁn toa do tir két qua xu
1y str dung cac dich vu xtr Iy dir liu GNSS truc tuyén doc 1ap. Trong thoi gian t6i, can tiép
tuc nghién ctru dé xac dinh gia tri d¢ 1éch toa d xac dinh dugc khi sir dung cac dich vu xtr
ly dir liéu tryc tuyén véi két qua xir Iy str dung cac phan mém nhu Bernese, Gamit/Glokb ...
hodc véi tga do chinh x4c da dugc cong bd trude do.

Pong gop cia tac gida: Xay dung y tuwong nghién ciu: N.G.T., T.T.Q., T.D.V., N.V.C,,
H.N.D.Q.; Lya chon phuong phap nghién ctru: N.G.T., T.T.Q., T.D.V., N.V.C., H.N.D.Q,;
Xt 1y sb liéu: T.T.Q., T.D.V., H.N.D.Q., N.V.C.; Viét ban thao bai bao: N.G.T., N.V.C.,
H.N.D.Q.; Chinh stra bai bdo: N.G.T., H.N.D.Q.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.

Loi cam on: Cac tac gia cua bai bao tran trong cam on Cyc Do dac, Ban d6 va Thong tin dia
ly Viét Nam d3 cung cip so liéu; dé tai cdp BO Tai nguyén va Moi truong ma sd
TNMT.2024.02.07 da cung cap kinh phi dé thuc hién nghién ciru nay.
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Surveying the results of GNSS data processing using online
services

Nguyen Gia Trong'?, Thai Trung Quoc® Tran Duc Vinh* Nguyen Van Cuong?®,
Huynh Nguyen Dinh Quoc®*

! Faculty of Geomatics and Land Administration, Hanoi University of Mining and
Geology; nguyengiatrong@humg.edu.vn

2 Geodesy and Environment research group, Hanoi University of Mining and Geology;
nguyengiatrong@humg.edu.vn; nvcuong7@monre.gov.vn

3 CIST Southern Joint Stock Company; thaitrunggquoc0404@gmail.com

* Viet Nam’s people naval hydrographic and oceanogtaphic department;
vinhtduc@gmail.com

® The Vietnam Agency of Seas and Islands; nvcuong7@monre.gov.vn

® Ho Chi Minh City University of Natural Resources and Environment;
hndquoc@hcmunre.edu.vn

Abstract: Many online GNSS data processing services have been announced but there has
been no survey on the applicability of these services in geodetic mapping in Vietnam. This
article conducts a survey to assess the applicability of online data processing services such
as OPUS, AusPOS, GAPS, CRCS-PPP, and GNSS converter with data collected by CORS
station named CTHO in the VNGEONET network of Vietnam. The processing results show
that the accuracy of determining ground coordinates for the AusPOS, GAPS, CRCS-PPP,
and GNSS converter services is very good, while the processing result with OPUS only
achieves centimeter accuracy. CRCS-PPP service provides the smallest deviation from the
mean coordinates and the variation of coordinate components at the level of 1 mm, followed
by AusPOS, GAPS, and GNSS converter services achieving 2-3 mm. For the OPUS service,
both the mean coordinate deviation and coordinate variation only reach centimeter level.
The research results of the article affirm the potential of applying online data processing
services in geodetic mapping in Vietnam.

Keywords: GNSS; PPP; Processing GNSS online; OPUS; AusPOS; CRCS-PPP.
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Tém tit: Cai tao phuc hdi méi truong (CTPHMT) sau khai thac 1a mot hoat dong hét st
can thiét giup bao vé moi truong va phét trién bén viing. Nghién ciru 4p dung phuong phap
danh gia da tiéu chi dé lya chon phuong an céi tao phuc hdi moi truong cho md sau khai thac
v6i 6 phuong an CTPHMT c6 thé 4p dung dugc dé xuat. Dua vao viée khao sat cac didu kién
thuc té cia ddi twong nghién ciru xac dinh muyc tiéu cy thé (SMART) dé phan tich cac muc
tiéu cua cong tac CTPHMT, xay dung bd ti€u chi danh gia muc d6 phu hgp ctua cac phuong
&n cai tao phuc hoi méi truong khac nhau c6 thé ap dung cho mo. Thong qua b tiéu chi
dugc xay dyng tién hanh gan diém ting tiéu chi dwa vao phuwong phép trong sd don gian
(SAW), cudi cing 1a danh gia mirc d6 quan trong cua timg phuong an théng qua viéc phan
tich thir bac (AHP) cac tiéu chi nham xac dinh diém phu hop cua timg phuong an CTPHMT.
Phuong an phu hop la phuong an dugc danh gia voi mure do diém phu hop 16n hon, phu hop
nhat v&i myc tiéu ban dau dit ra. Phuong phap nay cung mot luc co thé danh gia nhiéu
phuong an CTPHMT khéc nhau véi diém 23 tidu chi gitip danh gia timg phuwong 4n va lya
chon dugc phuong an phu hop nhét. Viéc dinh luong diém duya trén co s& mirc do dat duoc
clia timg tiéu chi gitp cho cac danh gia co tinh chinh xac hon viéc chi so sanh chi tiéu chi sé
phuc hoi dat va muae do phu hop cua moét vai chi ti€u nhu trude tai mo da xay dung Pong Nui
C6 To6 nhu trudce.

Tir khoa: Phuc hoi méi trudng; Sau khai thac; Mo da vat liéu xay dung; Da tiéu chi.

1. Mé dau

Muc tiéu cua khai thac mo bén vimng 1 dung hoa cac yéu cau cua hién tai vé phat trién
kinh té - x4 hoi voi viée bao vé mdi truong, can bang cho cac thé hé twong lai. Cai tao phuc
hoi méi trudng (CTPHMT) va dong cira mo la giai doan cubi trong vong doi ciia mot dy an
khai thac. C6 nhiéu phuong an khac nhau dé phuc hdi canh quan méi truong hodc tai sir dung
d4t sau khai thac dem lai hiéu qu4, an toan cho con ngudi va canh quan méi truong. Phuong
an dong ctra mo hop 1y s& dam bao sy 6n dinh trong twong lai va hanh phuc ctia mot cong
d6ng sau khai thac mo, doi hoi phai 1ap ké hoach can than va danh gia cac phuong an dé suat
trude khi dong ctra mo [1-5].

Dbi v6i cong tac CTPHMT sau khi két thuc khai thac s& c6 nhiéu phuong an khac nhau
dé c6 thé ap dung. Tuy nhién, mdi phwong an déu c6 nhitng wu, nhugc diém riéng ciia nd, trén
thyc té khi xay dung phuong &n CTPHMT cho cac mé & Viét Nam chi dua ra 2 dén 3 phuong
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an (thuong 1a trong cay, dé lai hd chtra nudc) va tién hanh so sanh chi s phuc hoi dat “Ip” va
chi s6 hiéu qua sir dung dat 1a chinh. C4c tiéu chi vé an toan, con ngudi va canh quan moi
truong duge dé cap toi nhung thudng khéng c6 co so dé so sanh cai nao phu hop hon. Thyc
té, trong qua trinh so sanh, Iya chon phuong &n CTPHMT, da phﬁn cac du an déu lua chon
theo tiéu chi tht hai, tirc 1 phuwong 4n c6 chi sé phuc hoi dit “Ip” cao hon. Vé ban chét, chi sb
phuc hoi dat “Ip” chi c6 ¥ nghia tuong d6i vé mit hiéu qua khi so sanh cic phuong an
CTPHMT cung mdt du 4n v6i nhau. C6 2 nguyén nhan chinh din dén nhiéu bat cap trong
viéc cai tao, phuc hdi méi truong sau khai thac khoang san gém: Mot 1a, cac don vi, doanh
nghiép khai thac chua quan tdm, thiéu trach nhiém, nguf)n quy phuc hdi méi trudng trong
khai thac khoang san qua it, khong du thuc hién cac dé an, dy an phuc h6i méi truong. Hién
nay murc ky quy cai tao, phyc hoi moi truong thap (chi tir 1 - 3% tong muc dau tu) [6, 7] nén
viéc t6 chure cai tao, phuc hdi méi trudng gip nhiéu khé khan. Hai 13, viéc phé duyét phuong
an CTPHMT duogc tién hanh tir khi mé moé nén viée xac dinh phuong an CTPHMT chua thuc
su gan v6i chién luoc phét trién dai han khu vuc, dinh gia khong pht hop voi thoi diém khi
két thac khai thac [8-10].

Trén thé gidi va tai Viét Nam, Phuong phap danh gia da tiéu chi da duoc 4p dung & mot
s6 linh vuc khac nhau nhu: quéan 1y chat thai, danh gia chét luong moi trudng, bién doi khi
hau, quan 1y tai nguyén nudc va quan ly dat dai. Tuy nhién, véi mdi linh vyc lai ¢6 nhiéu
phuong phap da tiéu chi khac nhau duoc 4p dung thdm chi 1a két hop vai nhiéu cac phuong
phap khéc [11-15]. Tuy nhién, van dé ap dung danh gia da tiéu chi dé lya chon phuong an cai
tao phuc hdi méi truong hop 1y con chua duge quan tam nhidu. Trén thé gidi, trong nhiéu linh
vuc khac nhau pho bién sir dung cac phuong phép dénh gia da tiéu chi nhu: phan tich da tiéu
chi (MCA), phan tich thir bac (AHP), phan tich thtr bac mo (F-AHP), phuong phap dlem ly
tuong (TOPSIS), ... hoic két hop cac phuong phap phan tich khac nhau nham giai quyét cac
bai toan lga chon phuong an thuc té [16-18]. Nghién ctru [19-20], ciing dé cap tdi viée tmg
dung phan tich da tiéu chi dé lya chon phuong an cai tao phuc hi méi truong hop Iy cho mot
s6 mo khai thac da voi va sét sau khi két thuc khai thac. Tuy nhién, viéc xay dung bo tiéu chi
va phuong phap danh gia cho diém khong ap dung cic phuong phap SMART va SAW ma chi
ding phuong phap phén tich thir bic AHP dé xac dinh murc d6 wu tién cho cac tiéu chi danh
gia.

Tinh An Giang c6 trit lugng ¢a VLXD khoang 144 triéu m® v6i 7 khu vire mé dang hoat
dong khai thac. Day 1a ngudn luc tich cuc dong gop tich cuc cho sy phat trién kinh té - xa hoi
clia tinh ciing nhu tao cong an viéc 1am cho ngudi dan dia phuong, cung cip nguyén vat ligu
cho céc cong trinh x4y dung trong tinh va cho ving Pong bang song Ctru Long. Khu vue mo
da xay dung Pong nti C6 T6 thude Thi tran Co To, huyén Tri Ton, tinh An Giang nam trong
ving kinh té trong diém khu vuc Tay Nam Bo. Theo ké hoach phat trién VLXD tinh An
Giang thoi ky 2021-2030, dinh hudng dén nim 2050, mé da VLXD Dong Nuai C6 T6 ¢o cdng
sut khai thac va ché bién 12 450.000 m®/nim trén dién tich 14 ha. M6 ¢ dia hinh dwong (d6i
nui), khu moé nam trén phe‘in nho cua suon nui, thudce dia hinh chuyén tiép gitra dia hinh ddi
nui thap sang déng béng, v6i mie xam thyc thap nhat +15m, cao nhat +110m. Bé mit dia
hinh ty nhién thap dan vé phia Dong - Déng Nam. Trén bé mat phat trién cac khe ranh xam
thue, phan bd rai rac cac khéi tang granit voi kich thude kha 16n n6i cao trén bé mit dia hinh.
Sau 10 nam tién hanh khai thac du kién khi két thuc khai théc, moong khai thac sé dé lai dia
hinh thap hon dia hinh ban dau 1a cote +135m xubng dén cote+20m. Dia hinh dang long
moong thip hon dia hinh xung quanh c6 thé anh huéng t6i an toan va moi truong ciing nhu
kha ning phuc hdi sinh thai sau khi két thuc khai thac. Thi tran C6 To 1a trung tam huyén
dang trong qua trinh do thi hoa, cac hoat dong san xudt, kinh doanh dang ngay cang duoc day
manh phat trién v6i mat d6 dan sd ngdy cang gia tang trong khu vuec.

Nhu vay, nghién ctru nay nham dua ra mot phuong phap lya chon méi véi nhiéu phuong
&n CTPHMT c6 thé ap dung cho khu mé VLXD Péng Nai C6 To. Duya trén viéc phan tich
diéu kién tu nhién, kinh té, vin hoa - xd hoi va dic diém cong nghé khai thac, nghién ciru dé



Tap chi Khi twong Thiiy van 2024, 762, 82-94; doi:10.36335/VNIJHM.2024(762).82-94 84

xudt 23 tiéu chi dé danh gia mirc d6 pht hop véi cac nhom dic diém ty nhién, dic diém kinh
té - x4 hoi, dam bao an toan - mdi trudng va hiéu qua kinh té mang lai. Théng qua viéc phan
tich danh gia bang phuong phép ban dinh lwong s& gitip lwa chon dugc phuong an CTPHMT
c¢6 mirc d6 phu hop tét hon Vol diéu kién thyc té. Tuy chi Ia mot nghién ctru 1y thuyét méi
nhung véi nhitng thay d6i vé phuong thirc quan ly va quy hoach méi truong nhu hién nay thi
phuong phap nay c6 thé ap dung rong rai dé thay thé phwong phap phuong an con nhiéu han
ché hién tai.

2. Phuong phap nghién ciru

2.1. Khu vuc nghién ctru

Mo da xay dung Pong nui Co6 To, thudc Thi tran Co T0, huyén Tri Ton, tinh An Giang.
Vi trf trung tim mé cach tinh 19 943 khoang 1,5 km, cach thi xa Chau Ddc khoang 50 km vé
phia Nam va thanh phd Long Xuyén khoang 80 km vé phia Béc. Dién tich ciia mé 1a 14 ha.
Ngoai khu vuc khai thac moé con cé cac khu vuc ché bién va cong trinh phu trg véi dién tich
5,4 ha. Vay, tong dién tich khu vyuc du an 13 19,4 ha. Phia T4y va phia Nam khu mé 1a ving
ddi nui, phia Béc Dong Bic va phia Bong c6 tinh 10 15, doc tinh 10 14 cac h¢ dan sinh séng,
tap trung chu yeu ¢ phia Dong Nam khu mo.

Khu mo6 nam trén phan nho cua swdn nii, thude dia hinh chuyen tiép gitra dia hinh doi
nai thip va dong bang, v6i mire xAm thue thap nhit +15 m, cao nhat +110 m. B& mit dia hinh
tu nhién thap dan vé phia Dong - Bong Nam. Trén bé mat phat trién cac khe ranh xam thyc,
phan b rai rac cac khoi tang granit v6i kich thude kha 16n ndi cao trén bé mit dja hinh. Phan
dién tich phia Dong Bac khu mé rong khoang 7,5 ha 1a moong khai thac ¢4 xay dung, bé mat
dia hinh ddy moong kha bang phang, cao do thap nhat +20 m. Dién tich con lai 15,5 ha 1a dia
hinh ty nhién, chua c6 hoat dong khai thac, tham thuc vat kha phat trién, chu yéu 1a cay bui,
d6 che phu tt.
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Hinh 1. Khu vuc nghién curu.
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2.2. Phwong phap nghién curu

2.2.1. Thu thap va tong hop tai liéu

Nghién ctru di tién hanh khao sat thuc dja va thu thap cac tai liéu vé mdi trudng tu nhién,
kinh t€ xa hi va canh quan khu vuc, cac yéu to khi twong thuy van, dia chat dia mao lam co
s danh gia lya chon ti€u chi danh gia khi lya chon phuong éan.

2.2.2. Phuong phap chuyén gia

Trao d6i, 14y ¥ kién cac nha khoa hoc, cac chuyén gia tu van vé phuong phap nghién ctru,
tham khao ¥ kién chuyén gia trong viéc cho diém danh gia cac tiéu chi va thuc hién so sanh
theo cap, nham xac dinh mac do quan trong cua cac ti€u chi danh gia duoc dua ra trong
nghién cuu.

2.2.3. Phuong phéap SMART

baéy 1a mot cach tlep can phd bién trong viéc dat muc ti€u va danh gia ching. SMART la
viét tit ctia cac tir viét hoa: Specific (Cu thé), Measurable (Po ludng duoc), Achievable (Co
thé dat dugc), Relevant (Phu hop), va Time-bound (C6 thdi han). Tic 1a thong qua phuong
phap SMART s& xdy dung duoc bd tiéu chi trong d6 céac tiéu chi phai lién quan truc tiép dén
cac muyc tiéu va cac hoat dong dong ctra mo sau khai thac, cac tiéu chi c¢6 thé duge gan trong
s6 bang cach st dung phuong phap do luong hodc ban dinh luong, cac tidu chi phai phu hop
v6i cac muc tiéu dong clra va boi canh xa hoi, moi trudng va quy dinh cta dia phuong.
Phuong phéap nay gitip tip trung vao muc tiéu cu thé va xac dinh rd rang nhitng gi ban mudn
dat dugc. Diéu nay giup ban dinh hinh hudéng di va cung cp sy phan dinh trong viéc lya chon
hoat dong va tai nguyén [21, 22].

2.2.4. Phuong phap SAW (Simple Additive Weighting)

Phuong phap trong s6 don gian dya trén 1y thuyét gia tri da thudc tinh va sy doc lap cia
cac thudc tinh. Phuong phap ndy st dung cac ham cong tuyén tinh dé tinh gia tri cia mdi
phuong an dudi dang Value Theory (VT), v6i gia thiét doc lap ciia cac thudc tinh.

Pé danh gia murc d6 phu hop cua phuong an lya chon bang cach gan diém cho tiéu chi:
s0 sanh tuong dbi tinh chat tac dong (thong qua cac tiéu chi) dugc thuc hién bang cach cho
diém. Pdi v6i mot phuong an cai tao phuc hdi va dong cira mo da cu thé, tiry theo mure do phu
hop cua phuong &n va tuy theo loai dy an, céc ti€u chi danh gia mrc d¢ phu hop ctia phuong
an dong cura mo s€ dap ing cac mure do khéac nhau vai céc ti€u chi. Nghién ctru str dung thang
diém theo 5 bac [18, 23].

2.2.5. Phuong phap phan tich thir bac AHP (Analytic Hierarchy Process)

bay la mot phuong phap xac dinh trong sO khi can phai ra quyét dinh voi rt nhidu tiéu
chuan khéc nhau. Bang viéc xdc dinh mot thur tu sap xep ctia nhitng tiéu chuan theo murc do
tang hodc giam dan ma ta tim duoc mot quyét dinh cudi cing hop 1y nhat. Phuong phap nay
nham xéc dinh mac d6 quan trong cta timg tiéu chi trong bo tiéu chi danh gia [15-18].

2.3. Xur Iy 56 liéu

. Két qua 1‘<héo sat, phan tich, 14y miu duoc thu thap, tong hop, phan loai va xtr Iy danh gia
bang phan mém Microsoft Excel, cac phuong phap xay dung b ti€u chi danh gia, xay dung
bang diém dé gan diém cho timg tiéu chi va tmg dung phan tich tht bac dé xac dinh murc do
quan trong cua ti€u chi tir d6 xac dinh mure d phu hop cua timg tiéu chi thong qua viée téng

hop diém s6 cua tiéu chi véi gia tri mirc dd quan trong cua tiéu chi, tir d6 xac dinh phuong an
phu hop nhat.
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2.4. Khao sat thyc dia va xdy dung bo tiéu chi

Nhom nghién ctru da thyc hién khao sat khu vuc khai thac va khu vyc canh quan
xung quanh vdi cac yéu t6 vé diéu kién tu nhién, dan cu, kinh té, van héa - xa hoi, diéu kién
dia hinh, dja chit, khi twgng thuy vin, hé sinh thai khu vuc lam co sé dé xay dung cac phuong
an CTPHMT c6 thé ap dung. Thong qua d6 ciing xac dinh cic muc tiéu cua cong tac
CTPHMT can dat dugc pht hop véi diéu kién tuy nhién, kinh té - xa hoi, chinh tri cta dia
phuong. Muc ti€éu chung cua cong tdic CTPHMT cho mé d4 VLXD DPong Nui Co T6 1a sau
khi két thuc khai thac la giam thiéu tac dong tiéu cuc 1én moi truong va tao diéu kién thuén loi
cho qua trinh tai t6 chirc va phuc hdi hé sinh thai bj anh huéng. Cong tac nay khong chi don
thuan 1 tai tao cac loai cay co hay tai thiét 1ap dién tich truéc ddy cia mo, ma con bao gdm
mot loat cac bién phap hitu ich nham khoi phuc méi trudng tu nhién da dang va bén vimg [9,
24-26].

Muc tiéu cu thé: Diéu kién tu nhién cta khu vuc mé cd day moong két thuc nam trén
muc nude thong thuy (theo thiét ké co sé ciia dy an). Vi tri khai thac trén dia hinh nui cao, khi
két thuc khai thac tao thanh vung c6 dia hinh thép hon so véi khu vuc suon nti phia Tay,
nhung vé phia Pong lai c¢6 dia hinh bang véi xung quanh. Dic diém dia hinh sau khi két thuc
khai thac 1a nghiéng thoai vé phia Pong, trong qua trinh khai thac sé& tao do dbc vé phia Dong
dé thoat nudc ty nhién, néu dung dat noi khac dap vao dé tao thanh suon nai nhu lac chua
khai thac 14 khong kha thi do tén nhiéu chi phi va khong c6 vét liéu dé san 1ap. Phu hop véi
quy hoach phat trién, quy hoach sir dung dét ciia dia phuong (két qua lay ¥ kién chinh quyén
dia phuwong dbi voi phuong an cai tao, phuc hoi méi trudng dinh kém phy luc). Phit hop véi
diéu kién thuc té tai du 4n, hai hoa canh quan sir dung dat khu vuc 1an can (cac mo khai thac
xung quanh) va tdm 1y ctia nguoi dan (két qua tham van ¥ kién ctia ngudi dan c6 kha nang bi
tac dong bai du an) [9, 27]. Phuong an cai tao, phuc hdi moi truong phi hop véi cau tao dia
chét, dac diém thod nhudng, thanh phﬁn thach hoc va chat luong moi truong cua khu vuc mo.

Tir cac muc tiéu néu trén, co so dé xay dung bo tiéu chi danh gia mtc d6 phu hop cua
phuong an CTPHMT dugc phan thanh bg tiéu chi. Khung tiéu chi nay dugc xay dung dua
trén cac dic diém vé ty nhién, canh quan méi truong, dicu kién kinh té, van hoa xa hoi, tinh
an toan va hiéu qua mang lai cho cong d@)ng, dia phuong va doanh nghiép. B¢ tiéu chi duoc
xay dyng dap ng dugc 4 nguyén tic trén gom:

Nguyén tic 1. Phu hop véi dic diém ty nhién khu vie mo: bao gom cac tiéu chi lién quan
dén: dia hinh khu mo va canh quan méi trudng xung quanh; dac diém nudc mat; nude ngam;
dic diém khi hau; chat luong khong khi; dac diém thd nhudng; quy mo dién tich; dac diém
dia chat trong khu mo. Céc tiéu chi nay rat quan trong trong viéc quyét dinh hinh thuc st
dung dat sau dong cira mo.

Nguyén tic 2. Phu hop véi dic diém kinh té xa hoi ving: gdm cac tiéu chi lién quan dén
dan sd, diéu kién co s6 ha tﬁng, cong nghié¢p, du lich dich vy, lich str van héa. Bam bao tinh
hai hoa giita hinh thire sir dung mit bang sau khai thac mo véi quy hoach phat trién kinh té xa
héi dia phuong.

Nguyén tac 3. Pam bao an toan moi truong: hinh thire s dung dat mo sau khai thac phai
dam bao 6n dinh vat 1y, 6n dinh hoa hoc, on dinh sinh hoc va an toan cho con nguoi khong
gy 6 nhiém mdi trudng va su cd rui ro.

Nguyén tic 4. Hiéu qua kinh té: hinh thtc str dung mit bang sau déng cira mé c6 mang
lai loi ich cho cong dong, loi ich cho dja phuong va chu doanh nghiép.

Duya trén phuong phap SMART nghién ctru chon ra bd tiéu chi gdm 23 tiéu chi quan
trong dung dé danh gia trong sb va duoc tom tit & Bang 1. Trong d¢: 1) Phu hop déc diém ty
nhién cia khu vuc mo - 8 tiéu chi; ii) Phu hgp dac diém kinh té - x3 hoi khu vuc - 5 tiéu chi;
iii) Pam bao an toan méi trudng - 5 tiéu chi; iv) Hiéu qua kinh té - 5 tiéu chi. Theo d6, dua ra
cac diéu kién dé danh gia diém dat dugc cua timg tiéu chi khi danh gia lya chon.
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Bang 1. B tiéu chi danh gia mirc d6 phii hop ctia phuong 4n cai tao phy hoi méi truong va dong cira mo.

Nhoém tiéu chi

Tiéu chi cu thé

Phan tich lwa chon céc tiéu chi

bic
diém tu
nhién

T1

T2

T3

T4

T5

T6
T7

T8

bia hinh khu mo va
canh quan moi
trudng

Nudéc mat

Nudc ngam

Diéu kién khi hau

Chat lugng mdi
truong khong khi
Dic diém tho
nhudng
Quy mo dién tich

Dic diém dia chit

bia hinh khu c6 mé 12 mét tiéu chi dic biét quan trong trong viéc quyét
dinh hinh thirc sir dung dét sau dong cira mo. Vi tri khai thac trén dia
hinh ndi cao, khi két thic khai théc nghiéng thoai vé phia Dong, trong
qua trinh khai thac s& tao d6 déc vé phia Dong dé thoat nuéce tw nhién.
Do dia hinh di ndi nén khi cai tao cin xem xét cac yéu té vé& nuse mit,
cAc cong trinh thoat nuéc va tranh x6i mon rua troi bé mat

Ngudn cung cp nuéc ngam cho du &n sau khi cai tao dé phuc vu cac
nhu cau vé& chim s6c thuc vat hodc phuc vu nhu ciu phéat trién cua
phuong an.

Phwong 4n cai tao va déng cira mod phai phii hop véi diéu kién khi hau
dé c6 thé phat trién du lich dich vu, cong nghiép dién mat troi hoac
phwong an phuc hdi tham thyc vit.

Chat luong méi truong khong khi khu vue mo phai phu hop véi
phuong an cai tao va dong ctra mo dé co thé phat trién du lich dich vu,
cong nghiép dién mat troi hoac phuong an phuc hdi tham thue vat.
Dic diém th nhudng co lién quan dén sy phat trién caa thuc vat trong
tai phu xanh mit bang va phuc héi hé sinh thai.

Quy m6 dién tich twong tng vai hinh thirc phuong an lya chon.

bic diém dia chit quyét dinh tinh én dinh cua cong trinh sau cai tao,
diéu kién dé lya chon cac phuong an vé xay dung co so ha tang, khu
cdng nghiép, khu tai dinh cu hodc chdn I4p réc thai,...

bac
diém
kinh té
xa hoi

T9

T10

T11

T12

T13

Quy md dan sé

co so ha tang

Cong nghiép

Du lich dich vu

Lich st van hoa

Mat do dan sé c6 lién quan mat thiét dén hiéu qua sir dung mit bing
sau dong cura mo.

co s& ha tang bao gdm hé théng giao théng, bén cang va sb diém giai tri
va phuc vu cong ddng. Co s& ha tang dap tng cac yéu cau cua phuong
4n déng ctra mé duoc lya chon phi hop véi diéu kién phét trién thuc té
cua khu vuc.

c6 thé sir dung mit bang dé chuyén déi muyc dich xdy dung nha xuéng
phuc vu phat trién cong nghiép ciing nhu kha ning dap tng nhu cu
phét trién cong nghiép cua du &n tir cac nha may trong khu vuc.

Diéu kién dé chuyén dbi muc dich st dung dat khi cai tao khu mé sau
khai thac thanh khu du lich sinh théi, khu nghi dudng hoac nha hang
khach san phuc vu nhu cau phat trién du lich, dich vu.

Xem xét két hop phat trién dich vu du lich nham phuc vu du khach
thim quan céc dia diém di tich lich sir van hoa.

bam
bao an
toan va

moi
truong

T14

T15

T16

T17

T18

6n dinh vat ly

n dich héa hoc

n dich sinh hoc
An toan cho con
nguoi

Phong ngira su ¢4 rui
ro

Tt ca cac cong trinh phai duoc tinh toan dam bao an toan va phuc vu
dung chirc nang theo thiét ké, bén viing, khdng x6i mon va mét an toan
gay su cd rii ro cho sic khoe cong dong lau dai.

Céc mdi truong khong khi, dat va nudc phai duoc dam bao vé thanh
phan hoa hoc khéng gay anh huong téi sirc khoe con ngudi va sy phét
trién cua hé sinh thai. Cac diéu kién ndy cn dugc dam bao dang dan
cai thién theo huéng tét hon.

Mai truong sinh hoe dugc khoi phuc thanh maot hé sinh thai ty nhién,
can bang va da dang sinh hoc khong lwa chon cac giéng cay ngoai lai
c6 thé gay xam hai hoac ton thuong t6i hé sinh thai tu nhién cua khu
vuc.

Pam bao cac yéu t6 vé sirc khoe va sy phét trién bén viing cia con
ngudi, phuong 4n déng cira mo co tinh dén viéc chuyén déi cong viéc
méi cho ngudi lao dong mét viée 1am do déng cira mo.

Cay bay cac tang da treo dam bao an toan trén b mo khi két thiic khai
thac, thiét ké hé thong ranh thoat nude dam bao tranh cac su ¢ 1i Iut
c6 thé xay ra.
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Nhém tiéu chi Tiéu chi cu thé Phén tich lwa chon céc tiéu chi

Hinh thie sir dung dat dap img dugc mong mudn va lgi ich cua cong
ddng khu mo. Y kién cong dong vé hinh thic sir dung mat bang sau
dong cira moé can dwoc thu thap dé hiéu nhu cau va tinh kha thi cua
hinh thuc chon;

T19  Loiich cong dong

20 Loi ich cho dia Hinh thirc sir dung mat bang sau déng cira mé mo ¢6 phi hop véi quy
Hiéu phuong hoach va lgi ich cua dia phuong
v : ., hi phi d6 ( 6 va hinh thuc su it ba 0 ) .
.qua ) Loi ich cho doanh Chi phi .dor%g cuf:\ mo va !n ) rC S~u (?ung vma E)fmg Sa}l do‘ng cuf:l m?
kinht¢ T21 mang lai lgi nhuan cho chu dau tu s&€ dam bao tudi tho cua hinh thire sir

nghi¢ . Sy LA i
ghiep dung mat bang sau dong ctra mé va lgi ich ctaa cic bén lién quan.

Tiéu chi so sénh hiéu qua ctia phuwong &n CTPHMT cuia cac phuong an

mang lai so vai hién trang truge khi thyc hién du an

Téng chi phi Panh gia xem doanh nghiép cé kha nang thyc hién phuong an
CTPHMT CTPHMT véi s6 tién twong tng hay khéng

T22  Chisé phuc hdi dat

T23

3. Két qua va théo ludn

3.2. Ung dung phwong phdp phan tich da tiéu chi dé lwa chon phwong dn CTPHMT hop Iy
cho mo da VLXD Doéng Nui Co To

Theo diéu kién cu thé ciia mo da xay dung Pong Nui Co T, vai dién tich cac dai bao vé
s€ thuc hién gia ¢b dam bao an toan sau d6 pht 30 cm dAt mau trén mit téng va gieo hat cé dé
tao tham thyc vat xanh, tranh rtra troi va x6i 16. Phan dién tich duoc cai tao theo cac phuong
an 1a phan day mo, mit bang san cong nghiép sau khi di thao d& cac cong trinh. Diéu kién ty
nhién ctia khu vuc mo c6 day moong két thiic nam trén myc nudc thong thuy, khi két thuc
khai thac tao thanh ving c6 dia hinh thip hon so v&i khu vire sudn nui phia Tay, nhung vé
phia Pong lai c6 dia hinh bang véi xung quanh. Dic diém dia hinh sau khi két thuc khai thac
1a nghiéng thoai vé phia Pong, trong qua trinh khai thac s& tao d6 doc vé phia Pong dé thoat
nude ty nhién. Theo diéu kién cu thé ciia mo c6 thé dé xuat cac phuong an CTPHMT va dong
ctra mo nhu sau:

Phuong an 1: Cai tao thanh khu sinh thai, nghi dudng v6i dia hinh nai cao canh quan khu
vire ¢6 tim nhin rong va diéu kién co sé ha tang tot thuan loi phat trién khu sinh thai nghi
dudng. Phuong 4an nay mot phan dién tich dugc st dung dé xay dung co s& ha ting, hd nudc,
bé boi con lai van thyc hién tréng cdy xanh dé tao canh quan nén vira mang lai hiéu qua gia tri
sir dung dat vira co y nghia trong cong tac phuc héi canh quan méi truong. Tuy nhién, phuong
an phu thudc nhiéu vao diéu kién kinh té xa hoi va mat 46 dan cu khu vuc cling nhu cac yéu
t6 vé canh quan va khi hau (Hinh 2a).
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Hinh 2. (a) Cai tao thanh khu sinh thai, nghi dudng, (b) Cai tao thanh khu vui choi giai tri, (¢) Cai tao
thanh mit bang cong nghiép, (d) Cai tao thanh khu du lich k¥ thuat phuc vu nghién ctru, (¢) Trong
rimg tai tao hé sinh théi, (f) Cai tao dé san xudt dién mat troi.

Phuong 4n 2: Cai tao thanh khu vui choi giai tri v6i dién tich mit bang cai tao 18,5 ha
thuan loi phat trién thanh khu vui choi giai tri voi cac to hop vui choi va co thé tao bé boi
nhan tao. Phuong an ndy phan dién tich gianh cho co sé ha tang chiém ty trong 16n luong ciy
xanh cling dugc tai tao nhung khong nhiéu. Phy thudc vao diéu kién kinh té xa hoi va mat do
dan cu khu vuc ciing nhu céc yéu t6 vé canh quan va khi hau (Hinh 2b).

Phuong 4n 3: Chuyén d6i toan bd mit bang can cai tao thanh mat bang cong nghiép. Véi
diéu kién dia phuong c6 the hinh thanh nha may cung cap bé tong va cac vt lidu bé tong cot
thép nham phuc vu nhu cau xay dung va phat trién co s ha tang dia phuong nhu cau, cong,...
Day 14 phuong 4an kha thi boi diéu kién khu vuc hién rat can mit bang dé phat trién cong
nghiép noi chung (Hinh 2c).

Phuong an 4: Cai tao khu vyuc thanh khu du lich k¥ thuat phuc vu nghién ctru véi phuong
an nay s€ gilr lai mot phan cac bd mo, xay dung cac nha trung bay va phong hoi thao, khu vuc
nha nghi va cung cap dich vu dé phuc vu thim quan va nghién ctru. ‘Phuong an nay dugc ap
dung & mot s6 mo trén thé gi61 va hién tai & Viét Nam chua co dia diém nao ap dung. Y nghia
clia phuong 4n mang lai 13 rat tich cuc nhung tinh hdp din cua phuong an thi chua duoc
khang dinh (Hinh 2d).

Phuong 4n 5: Trong rimg tai tao lai tham thyc vat va hé sinh thai. Thyc hién phu 0,7m dét
mau trén toan bd dién tich khu vuc ddy mo, mit bang san cong nghiép dé trong cay keo lai voi
mat d6 1600 cay/ha. Phuong an nay hién dugc ap dung rong réi ¢ hau hét cac du an khai thac
moé & Viét Nam khi két thiic khai thac. Phuong an nay c6 gia tri vé mit phuc hdi canh quan,
sinh thai va moi truong. Tuy nhién, gia tri dat sir dung sau dong cira mo khong cao va viéc 1ay
luong dat phu dé cai tao mat bang véi dién tich 16n lai gy tac dong méi trudng cho khu virc
lan cén (Hinh 2e).

Phuong an 6: Cai tao toan by mat bﬁng day mo va khu vyuc phu trg dé san xuét dién mat
troi. Phuong an nay di dugc ap dung cho nhiéu mo trén thé gidi va ciing da duoc xem xét
nghién ctru thir nghiém ¢ Viét Nam. Trong giai doan kho khan vé san xuat va tiéu thy dién
nhu hién nay thi day c6 vé la mot phuong an kha thi va c6 tinh méi. Tuy nhién, phuong an
nay lai anh hudng rat nhiéu boi luong birc xa mat troi va sO gio nang phéan b trong nam. Khu
vye tinh An Giang thuan loi phat trién san xuat dién mat troi vao miia ning con miia mua s6
gio nang it hiéu qua lai thap. Hién tai khu vuc dia phuong cling da c6 don vi dau tu hé thong
san xuét dién mit troi mang lai hiéu qua tich cuc. Tuy nhién, von dau tu xay dung co ban cho
phuong an 1a cao (Hinh 2f).

Bang 2. Sang loc phuong an dong cira mé, st dung mét bang phi hop cho mé dé xay dung Pong Nuai C6 Tb.

STT Phuong an (PA) Ky hiéu PA Sang loc phuwong an
1 Khu sinh thai - nghi dutng PAl X
2 Khu vui choi giai tri PA2 X
3 Cong nghiép chuyén déi PA3 X
4 Du lich k¥ thuat phuc vu dao tao nghién ctru PA4 X
5 Khu trong rimg PA5 X
6 Séan xuét dién mit troi PA6 X
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Véi 6 phuong 4n néu trén ta tién hanh danh gia cho diém theo s chi tiéu dat dugc cho
tung ti€u chi khi thuc hién phuong an.

Bing 3. Danh gia diém cac tiéu chi theo timg phuong an.

. en Piém so
STT Chi ticu PAL PA2 PA3 _PA4 PA5 _ PAG6
| Ddc diém tw nhién
1 bia hinh khu mé va canh quan méi trudng 4 3 4 4 5 3
2 Nu6c mat 3 2 4 4 3 3
3 Nué6c ngim 3 2 2 3 2 4
4 Diéu kién khi hau 2 2 4 4 3 5
5 Chat lugng mdi truong khong khi 3 2 3 4 4 3
6 Dic diém thd nhudng 1 4 1 4 3 4
7 Quy mo dién tich 4 5 5 4 4 5
8 Pic diém dija chat 3 3 4 4 2 3
I Pic diém kinh té xd hji
9 Mat do dan sd 3 3 4 2 2 4
10  Co so ha tang 3 2 4 2 3 3
11 Cong nghiép 2 2 5 3 2 3
12 Du lich va dich vu 3 2 3 3 2 3
13 Lich sir van hoa 1 1 1 1 1 1
11 Dam bao an toan va moi truong
14  Ondinh vatly 3 3 3 3 4 2
15 On dinh héa hoc 3 3 3 3 4 3
16  On dinh sinh hoc 4 2 1 3 5 1
17 An toan cho con nguoi 4 2 2 4 5 3
18 Phong ngira su ¢d rii ro 3 2 3 3 4 4
v Hiéu qud kinh té
19  Loiich cong dong 3 3 4 4 4 5
20 Loi ich cho dia phuong 3 3 4 2 1 5
21 Loi ich cho doanh nghiép 5 3 5 1 1 4
22 Chi s6 phuc hoi dat 3 2 3 2 3 3
23 Tbdng chi phi CTPHMT 2 2 3 3 4 3

Viéc danh gia cho diém chi dimg lai & mirc d6 hoan thanh tin tiéu chi riéng 1¢. Dé danh
gid mirc d6 hoan thanh myc tiéu chung can phai danh gia mic do quan trong ciia cac tiéu chi
v6i1 nhau. Trong cac phuong an dua ra thi mire d§ quan trong cua cac ti€u chi la khac nhau va
diém dat dugc clia cac tiéu chi theo cac phuong an ciing 1a khac nhau. Do vay, can phén tich
va so sanh cac tiéu chi dé phan cip vé murc 4o quan trong clia cac tiéu chi trong phuong an
méi c6 thé danh gia mirc d hop 1y ctia phurong 4n theo céc tidu chi. Doi véi viée phan tich so
sanh nay thi phu hop c6 thé str dung phuong phéap phan tich thir bic AHP hodc phén tich mo
FAHP dé so sanh danh gi4. Trong pham vi nghién ctru tac gia 4p dung phuong phap phan tich
thir bac AHP [15,16].

Gia tri cbt 15 cua tidu chi va phuong an dugce thé hién qua gia tri trong s0. bay la yeu t6
chinh quyét dinh dén diém sé xép hang phuong an. Xét trén ty so nhat quan cho thay, két qua
danh gia cho diém cta chuyén gia déu phti hop véi yéu cau cua ki thuat phan tich thir bac
AHP dua ra (CR <10% d6i v6i ma tran c6 kich thude 16n hon 23%x23). Véi b tiéu chi twong
ung voi 6 phuong an CTPHMT dugc xay dung, gié tri riéng 16n nhét cta ma trin so sanh (

23
= 22_31,7‘ —23,803); Chi s6 nhat quan CI:Cl = Xnmax—l‘ln —0,040137. RI 1a chi s6 ngiu
nhién twong ing voi ma tran 23x23 co6 gia tri 1,59. bé chap nhan gié tri trong s6, can kiém tra
lai tinh nhit quan qua ti s4 nhat quan (CR) trong cach chdm diém ctia chuyén gia [11, 18]. Ty
s6 nhat quan CR duogc xac dinh:

Cl 0,040137

CR=—=—"—"=0,0252=2,52% <10%
RI 1,59

max
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Nhu vay, v6i gia tri CR = 2,52% nho hon 10% 1a dam bao tinh nhat quan cua két qua.
Gia tri trong s6 duoc xac dinh theo biéu dd hinh 3. Trong do: I- Nhom céc tiéu chi “rat quan
trong”, 1a cdc ti€u chi khong thé thiéu (T17; T15; T22; T19; T23; T21); I1- Nhom cAc tiéu chi
c6 tam anh hudng tryc tiép toi murc 4o phu hop cua phuong an CTPHMT (T18; T20; T14;
T16): 111 - Nhém céc tiéu chi c6 tAm anh hudng gian tiép t6i mirc d6 phu hop cia phuong an
CTPHMT (T1; T4; T5; T9; T12; T10; T11; T8; T6); IV- Nhom cac tiéu chi it c6 tim anh
hudéng dén mirc d6 phu hop cua phuong an (T7; T2; T13; T3).

Bieu do vector trong so cac tiéu chi

i

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
Trong s6

o

Hinh 3. Biéu d6 Vector trong s cac tiéu chi.

3.3. Lua chon phuwong an CTPHMT hop Iy cho mo da VLXD Dong Cé To

Sau cung, Két qua tinh toan diém s6 cac phuong an dugc thuc hién trén phép nhan ma
tran gilta gid tri trong sO cua phuong an theo 23 tiéu chi (T1 + T23, ma trén kich thude n x 23)
va gid tri trong sO (ma trén kich thude 23 x 1) [11, 18]. Chi s6 mirc d6 phi hop ciia phuong an
“Pi” 1a tong cac tac dong dén mirc d6 phu hop ciia phuong an theo cudng do tac dong. Pugc
xac dinh bﬁng téng cac gia tri cua diém sb dat dugc cua tiéu chi nhan trong s6 muc do quan
trong cua ti€u chi. Gia tri nay dugc xac dinh cho 6 phuong &n CTPHMT tai mo da xay dung
Pong Nui C6 T6 thé hién trong hinh 4.

Tong diém céc tiéu chi theo timg phuwong an

250 >—306% 100%
Cd
- 90%
19 198

200 185 194 P00, 80%

0,
0% o
150 60% S
— =
= 50% =
k]
100 0% g
0% =

50 20%

10%
0%

PA2 PA4 PAl PA3 PA5 PAG
Céc phuong an cai tao phuc hdi moi truong

s Pj == e= Mirc d6 phu hgp clia phuong dn

Hinh 4. Murc d6 phu hop cta cac phuong an.
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Nhu vy, theo tinh toan véi 6 phuong an dua ra, thi 3 phuong an 3,5,6 ¢6 sd diém kha
trong dong c¢6 thé ap dung cho mo, phuong 4n 6 - cai tao dé san xuat dién mat trdi co tong
diém 16n nhét 198 véi mirc d@6 phi hop duoc danh gia twong tng 1a 100%, phi hop véi chién
lugc phat trlen nang luong sach, han ché phat thai khi nha kinh la huéng di phu hop voi xu
thé phat trién nang luong hién nay. Phuong an 5 trong rung tai tao h¢ sinh thai, c6 y nghia vé
mit phuc hdi canh quan va hé sinh thai khu vuc dat 197 diém twong Gmg véi mirc d6 phu hop
82%, day cting 1a phuong 4n dugc phé duyét theo bdo cdo danh gia tic dong mdi truong cia
du 4n. Phuong an 3 cong nghiép chuyén doi c6 muc diém phu hop 13 194 twong tng voi mirc
d6 phu hop 64%, phuong an nay ciing rat kha thi khi ap dung cho diéu kién khu mo. Cac mirc
d6 phu hop duoc xac dinh theo mirc d6 cua 6 phuong an véi nhau.

4. Két luén

Két qua nghién ctru dap Gng muc tiéu 1a danh gia tinh hop 1y cta cic phuong 4n
CTPHMT da dugc lya chon khi 1ap dy én khai thac cho cac mé d4 VLXD ndi chung trong
huyén, dé xuat bd sung nhitng ndi dung va giai phap hop 1y hon nhu sau:

Thir nhat, phwong an CTPHMT cac mé da VLXD duoc nghién ctru phi hop véi diéu
kién dia hinh khu vuc, pht hop vé6i quy hoach sir dung dét cua dja phuong: day mo két thuc
thi dwoc trong ciy hodc chuyén muc dich sir dung dat thanh dat xay dung (néu hét khoang
san); bai thai (dat thira dugc st dung lam dat san 14p) dugc cai tao va trong cay dé on dinh bai
thai va bao v€ moi truong; mat béng, cac cong trinh phu trg dugc san gat va tréng cay; duong
van chuyén dugc cai tao, trong cdy hai bén dudng va ban giao cho dia phuong quan 1y, sir
dung vao muyc dich khac c6 hi¢u qua hon.

Th hai, trong 6 phuong an dua ra, thi 3 phuong an 3,5,6 ¢6 s6 diém kha trong dong co
thé ap dung cho mo, phuong an 6 - ci tao dé san xuét dién mat troi ¢ tong diém 16n nhat 198
v6i mtrc d6 phu hop duoc dénh gia twong tng 1a 100%, phu hop véi chién luge phat trién
nang luong sach, han ché phat thai khi nha kinh 1a huéng di phi hop véi xu thé phat trién
nang lugng hi¢n nay. Cac muc do phu hgp duoc xac dinh theo mirc dg cua 6 phuong an voi
nhau.

Thir ba, so véi phuwong an CTPHMT dugc lya chon cho du 4n 1a phu dat trong cay nham
tai tao hé sinh thai ciing dugc xem xét danh gia véi s6 diém phu hop rat cao. Tuy nhién, theo
phuong phap danh gia nay thi phuong an duoc lwa chon la phuong an cai tao thanh khu san
xuét dién mat troi. Diéu nay chi ra véi viée lap bao cio theo rt it phuong an nhu hién nay co6
thé bo qua nhiéu phuong an CTPHMT hiéu qua va phu hop hon ¢6 thé ap dung.

Tuy trong gidi han ndi dung nghién ctiru khong thé dua ra dugc nhiéu phuong an hon nira
dé thé hién tinh vuot troi cia nghién clru, nhung két qua danh gia phuong an CTPHMT da
chon phii hop véi dinh hudng phat trién va quy hoach cta tinh An Giang.

Pong gop cia tac gia: Xay dung ¥ tuong nghién ctu: D.N.H.; Lwa chon phuong phap
nghién ctru: D.N.H.; X 1y s6 liéu: D.N.H.; Viét ban thao bai bado: D.N.H.; Chinh stra bai bao:
D.N.H.

L1 cam doan: Téc gid cam doan bai bao nay 1a cong trinh nghién ctru cua tac gia, chua dugc
cong bo ¢ dau, khong duoc sao chép tir nhiing nghién ctru trude day.

Tai liéu tham khao

1. Columbia Center of Sustainable Investment, UNDP. UN sustainable development
solutions network and world economic forum 2016: Mapping mining to the
sustainable  development goals: An atlas. 2016. Online available:
https://www.undp.org/content/undp/en/home/librarypage/poverty-reduction/mappin
g-mining-tothe-sdgs%2D%2Dan-atlas.html.

2. Kretschmann, J.; Efremenkov, A.; Aleksey, K. From mining to post-mining: the
sustainable development strategy of the German hard coal mining industry. IOP
Conf. Ser.: Earth Environ. Sci. 2017, 50, 012024.



Tap chi Khi twong Thity van 2024, 762, 82-94; doi:10.36335/VNIJHM.2024(762).82-94 93

3.

4.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Kretschmann, J. Post-mining—a holistic approach. Min. Metall. Explor. 2020, 37,
1401-14009.

Clark, A.L.; Clark, J.C. VIII. An international overview of legal frameworks for
mine closure. Environmental Law Alliance Worldwide: Eugene, OR, USA, 2005.
Asr, E.T.; Kakaie, R.; Ataei, M.; Mohammadi, M.R.T. A review of studies on
sustainable development in mining life cycle. J. Cleaner Prod. 2019, 229, 213-231.
Ha, N.M. Nghién ctru tmg dung t6 hop céc giai phap cai tao, phuc hdi hé sinh thai
khu vire bi thai va khu vuc khai thac khoang san nhim ngin ngira hoang mac hoa, st
dung dat hiéu qua, bén viing ving Tay Nguyén. Bé tai KHCN cip Quéc Gia, Vién
han Lam Khoa hoc Viét Nam, 2020.

Phuong, H.C. Nghién ctru cac giai phap cong nghé va quan Iy nham phat trién bén
vitng cdc mo khai thac vat liéu xdy dung & Viét Nam. Ludn an Tién si k¥ thuat,
Trudng Pai hoc Mo - Pia chat, 2016.

Viét, P.H.; Hoan, B.N.; Hoa, L.T.T.; Thao, L.Q. Panh gia tic dong mdi truong kinh
té - x4 hoi do hoat dong khai thac da vat liéu xay dung trén dia ban tinh Binh Duong.
Tap chi Khi twong thuy van 2023, 746, 56—69.

Quy, N.Db.; Hanh, N.V. Hoan phuc méi truong mo Viét Nam. Tuyén tap Hoi nghi
Khoa hoc vé Tai nguyén va Méi truong, 2001.

Giao, H.S.; Nam, B.X.; Toan, M.T. Bao vé moi truong trong khai thac mo. Nha Xut
ban Tir dién Bach Khoa Ha Noi, 2010.

Ly, C.D. Hudng dan phuong phap danh gia da tiéu chi dung trong phan han cac dbi
tuong nghién ctru doanh nghiép hay dia phuong, 2012.

Center for International Forestry Reseach (CIFOR). guidelines for applying
multi-criteri analysis to the assessment of criteriand indicators, Indonesia, 2019.
STsolaki-Fiaka, S.; Bathrellos, G.D.; Skilodimou, H.D. Multi - criteria decision
analysis for an abandoned quarry in the Evros region (NE Greece). Land 2018, 7, 43.
d0i:10.3390/Iand7020043.

Worrall, R.; Neil, D.; Brereton, D.; Mulligan, D. Towards a sustainability criteria
and indicators framework for legacy mine land. J. Cleaner Prod. 2009, 17(16),
1426-1434.

Théng, V.Q.; Quan, N.T. Ap dung phuong phap phén tich thir bic (AHP) dé Iya chon
loai hop d6ng du 4n sir dung trong du an thuc hién theo hinh thirc ddi tac cong tu. Tap
chi Khoa hoc Cong nghé Xay dung 2015.

Bascetin, A. A decision support system using analytical hierarchy process (AHP) for
the optimal environmental reclamation of an open-pit mine. Environ. Geol. 2007, 52,
663-672.

Ly, C.D. Ung dung tién trinh phan tich cip bac (Analytic Hierarchy Process) d4nh
gi4 tinh bén viing cho cac tinh thanh — Trudng hop nghién ctru tinh Binh Duong. Tap
chi Tai nguyén va Moi truong 2012.

Saaty, T.L. Decision making with the analytic hierarchy process. Int. J. Serv. Sci.
2008, 1(1), 83-98.

Hanh, H.T.H. Nghién ciru xay dung mé hinh st dung dat hop 1y cho cac khu vuc khai
thac da xay dung va sét & ving kinh té trong diém phia Nam. Luan 4n Tién si, Dai
hoc Québc Gia Thanh phd H6 Chi Minh, 2014.

Hanh, H.T.H.; Thay, H.T.T; Ly, C.D. Ung dung phuong phap phan tich da tiéu chi
va tién trinh phan tich cap bac dinh hudng sir dung mat bang sau khai thic mo. Tap
chi Tai nguyén Moi truong, 2012, 22, tr. 156.

Butler, C.R.; Hynds, R.E.; Gowers, K.H.; Lee, D.D.H.; Brown, J.M.; Crowley, C.; ...
Janes, S.M. Rapid expansion of human epithelial stem cells suitable for airway tissue
engineering. Am. J. Respir. Crit. Care Med. 2016, 194(2), 156-168.



Tap chi Khi twong Thity van 2024, 762, 82-94; doi:10.36335/VNJHM.2024(762).82-94 94

22. Meldungen, A. Online available:
https://www.arbeitsagentur.de/news/arbeitsmarkt-2020 (accessed 4 July 2020) in
German.

23. Bainton, N.; Holcombe, S. A critical review of the social aspects of mine closure.
Resour. Policy 2018, 59, 468-478.

24. Lechner, A.M.; Mcintyre, N.; Witt, K.; Raymond, C.M.; Arnold, S.; Scott, M.;
Rifkin, W. Challenges of integrated modelling in mining regions to address social,
environmental and economic impacts. Environ. Modell. Software 2017, 93,
268-328. https://doi.org/10.1016/j.envsoft.2017.03.020.

25. McHaina, D.M. Environmental planning considerations for the decommissioning,
closure and reclamation of a mine site. Int. J. Surf. Min. Reclam. Environ. 2001,
15(3), 163-176.

26. Lei, K.; Pan, H.; Lin, C. A landscape approach towards ecological restoration and
sustainable development of mining areas. Ecol. Eng. 2016, 90, 320-325.
https://doi.org/10.1016/j.ecoleng.2016.01.080.

27. Viét, P.H.; Tudce, DB.T. Phuong phap lua chon m6 hinh dong cura cho cdc md khai
thac da xay dung tai tinh Binh Duong. Tap chi Cong nghiép mo 2020, 17-24.

Application of multicriteria analysis method to select suitable
environmental restoration options for the limestone quarry in
East Co To mountain in An Giang province
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dongochoan@humg.edu.vn
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Abstract: Post-mining environmental rehabilitation is a crucial activity aimed at
safeguarding the environment and fostering sustainability within mining operations. This
study applies a multi-criteria evaluation approach to select post-mining environmental
rehabilitation options, considering six viable post-mining alternatives. By surveying the
actual conditions of the research subject, specific, measurable, achievable, relevant, and
time-bound (SMART) objectives are identified to analyze post-mining goals. A set of
criteria is developed to assess the suitability of various post-mining options applicable to
mining sites. Scoring for each criterion is conducted using the Simple Additive Weighting
(SAW) method, followed by analytic hierarchy process (AHP) analysis to determine the
importance of each option based on criteria. The most suitable post-mining option is
identified as the one with the highest overall score, aligning best with the initial objectives.
This method allows for simultaneous evaluation of multiple post-mining alternatives
against 23 comprehensive criteria, facilitating precise assessments compared to previous
practices at the Dong Nui Co To limestone quarry.

Keywords: Environmental restoration; Post-mining; Limestone quarry; Multicriteria
analysis.
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