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Bai bdo khoa hoc
Danh gia tinh deé bi ton thwong do bién doi khi hau trong san xuat
nong nghiép ¢ huyén Huéng Ho4a, tinh Quang Tri

Nguyén Hoang Son'?2, Pao Pinh Chim3*, Pham Khanh Vii*, Phan Anh Hang®
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25/5/2024

Tém tat: Bién doi khi héu la mot thach thirc dbi voi nguoi dan 6 huyén Huong Hoa, tinh
Quang Tri. Nghién ctru tién hanh d4nh gi4 tinh dé bi ton thuong trong san xuat nong nghiép
cho 21 x4, thi tran. Ap dung cong thire tinh toan d& bi ton thuwong trong san xuat nong nghiép
ctia IPCC. Céc chi s6 tinh toan gém: (1) P9 phoi nhiém; (2) Do nhay cam; (3) Kha ning
thich tng. Trén co s¢ két qua tinh chi s6 cac bién E, S, AC, nghién ctru da x4c dinh dugc
c4c x4, thi tran trong huyén c6 chi sb ton thuong do bién doi khi hau & muc thap dén cao.
Trong d6, C6 7 xa c6 muc do ton thuong cao (Lia, A Doi, Thanh, Ba T?mg, Hudng Linh,
Huéng Viét, Huéng Lap); 12 xi c6 mirc do ton thuong trung binh (Huéng Phung; Hudng
Son; Tan Hop; Huéng Tan; Tan Thanh; Tan Long; Tan Lién; Hic; Thuan; Tan Lap; Hudng
Loc; Xy); 2 xa, thi tran c6 chi sb d& bi ton thuong thép (thi tran Lao Bao, thi trin Khe Sanh).
Két qua nay s& gitip cho cac nha quan li dia phuong trong viéc dua ra cac bién phap thich
g phul hop v&i bién d6i khi hau va thién tai & dia phuong.

Tir khéa: Bién doi khi hau; Nong nghiép; Ton thuong; Huéng Hoa; Bén vimg.

1. Giéi thi¢u

Tinh dé bi ton thuong (TDBTT) la mutic d6 nhay cam hay khong thé chdng chiu cia mot
hé théng/déi tugng trude cac tac dong bét 1gi cua bién d6i khi hau (BbKH), bao gém dao
dong khi hau va cac hién twong khi hau cuc doan [1]. Hién nay, cic nghién ctru vé TDBTT
chu yéu dra vao khung danh gia cua IPCC, bao gdm d6 phoi nhiém (Exposure), d6 nhay cam
(Sensitivity) va kha ning thich ung (Adaptive capacity). Tuy theo méi khu vuc, dia phuong
ma cac tac gia lya chon cach tiép can danh gia khac nhau dua trén khung danh gia ton thuong
cua IPCC [1].

Céc phuong phap thudng dugc sit dung rong rii danh gia TDBTT do BPKH d6i véi san
xudt nong nghiép 1a: AHP; GIS; diéu tra, khao sat thuc dia va phong van nong ho. (1) St
dung AHP va GIS trong d4nh gia TDBTT: Nghién ctru [2] sir dung GIS va AHP dé xac dinh
TDBTT cua cac khu vire c6 nguy co lii lut d6 thi & Eldoret, Kenya; O Viét Nam, phuong
phap nay duoc sir dung cho nhiéu dia phuong khac nhau: xay dung chi s6 d& bi ton thuong
1t lut cho cac x3d ving ha luu séng Thu Bén [3]; xdy dung bo chi s6 tén thuong do thién tai
tai thanh phé Quy Nhon, Binh Dinh [4]; phan ving mirc d6 ton thwong cho cac xa ven bién
huyén Phti Loc, tinh Thira Thién Hué [5]; danh gia mirc d6 tén thuong ctia nganh néng nghiép
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tinh Nghé An thong qua viéc st dung phuong phap AHP véi su hd trg ciia phan mém Expert
Choice [6]; xac dinh chi s6 d& bi tén thuong dudi tac dong cia BDKH tai Con Pao [7]. Cac
cong trinh nay c6 huéng chung 1a can cr vao déc diém cua timg khu vuc cu thé dé xac dinh
Cac trong sO cua ting chi s6 bang quy trinh Phan tich thirc bc (AHP), dir liéu s& dugc chuén
héa va dugc sap xép thanh nam murc do: rat thap, thip, trung binh, cao, rat cao; cac ban dd
duoc phan cip theo thang mau dé biéu thi két qua cua ting chi sd: do phoi nhiém, do nhay
cam, kha ning thich img va tinh dé bi ton thuong. (2) Str dung tong hop nhiéu phuong phap
(AHP va GIS, két hop v6i diéu tra, khao sat thuc dia va phong van nong hd) dé xay dung chi
sd clia cac hop phan E, S, AC phu hop cho timg dia phuong, theo huéng tiép can sinh ké
cong dong. Cac nghién ctru dd dugc tién hanh nhu danh gia tic dong ctia xAm nhip min dén
h¢ sinh thai nong nghiép ¢ tinh Bén Tre [8]; phan cip mirc d6 ton thuong trén hé thong dam
pha Tam Giang - Cau Hai [9]; danh gia TDBTT va kha ning thich tng do xam nhap man dbi
v6i san xuat néng nghiép trong bdi canh BPKH tai khu vuc cira sdng ven bién tinh Nam
Dinh [10]; danh gia TDBTT do lii lut ¢ luu vuc séong Bén Hai - Thach Han [11]. Cac nghién
clru ndy tiép tuc sir dung khung 1y thuyét di dugc IPCC dwa ra nim 2007 dé xac dinh muc
do phoi bay, mtrc d§ nhay cam va kha nang thich tng; st dung phan mém ArcGIS dé tinh
toan TDBTT bang cong thic V = f (E x S x AC) va phan cip ton thuong theo chi s6 ctia C4c
bién E, S, AC.

Pénh gid TDBTT duogc cac tac gia quan tim nhiéu ¢ khu vuc déng bang va ving ven
bién, noi chiu tac dong manh do BDKH va nuéc bién dang. Khu vuc mién ndi phia tay con
it cic danh gia t6n thuong phi hop véi hoat dong san xuat nong nghiép cia cong dong dan
toc thiéu sd. Hién nay, BDKH da va dang gay rui ro 16n dbi véi khu vue vang nii mién trung
Viét Nam. Trong d6, huyén Huéng Hod, tinh Quang Tri 1a noi thuong chiu tac dong cua cac
loai hinh thién tai v6i tan suit va muc do ngay cang 16n. Dan cu & day phan lon la cong dong
dan toc thiéu sd, sinh ké phu thudc chu yéu vao ndng nghiép, hoat dong san xuat nong nghiép
d& bi ton thuong do thién tai [12, 13].

D¢ bo sung thém cac tai li¢u nghién ctru vé tic dong cua thién tai ¢ khu vy mién nui,
nghién ctru nay tiép tuc str dung khung danh gia cua IPCC dé danh gia TDBTT do BDKH
gay ra doi Vi san xuat nong nghiép ¢ huyén Huéng Hoa. Phuong phéap khao sat thuc dia két
hop phong van néng ho, AHP va GIS duoc st dung cho khu vuce nghién ctru. Nghién ctru da
danh gia dugc do phoi nhiém, kha ning thich Gmg, d6 nhay cam cta san xuit nong nghiép,
tir d6 danh gia duoc mirc d ton thwong do BDKH ddi véi san xuat nong nghiép & cac x4, thi
tran thudc huyén Hudng Ho4, tinh Quang Tri. Két qua dat dugc phu hop véi cac nghién ctiu
trude day trong danh gia TDBTT & Viét Nam. Vi vay, day la tai liéu tin cdy phuc vu cho viéc
phat trién nong nghiép cua dia phuong mot cach bén viing.
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2. Dir liéu va phwong phap nghién ciru

2.1. Khu vue nghién curu

Hudéng Ho4 13 huyén mién ndi phia Tay cta tinh Quang Tri, c6 dién tich 1150,86 km?,
dan sb khoang 90 nghin ngudi (Hinh 1). Huéng Hoa c6 dic diém vé khi hiu va dja hinh rét
phirc tap, thuong chiu anh huéng cua cac loai hinh thién tai v6i tan suat va cuong do 16n.
Trong do, nhiéu nhat 14 bio, 1i quét, ngap ung, han han, sat 1& dat,... Giai doan tir nam 2015
- 2022, thién tai dién bién rat phirc tap, khé ludng da giy thiét hai 16n dén san xuat ndng
nghiép va cudc sdng cta nguoi dan [13]. Biéu hién rd nhit la tinh trang thiéu nudc vao mua
kho, ngép ung vao mua mua, ngoai ra cac hién tuong thoi tiét cuc doan da lam giam di¢n tich
dat canh tac, ning suit va san luong ciy trong vat nudi, thim chi mot sé mia vy mat mua
hoan toan [13,14,16].

2.2. Dir liéu

S lidu so cap: s6 liéu duoc thu thap tir ngudi dan thong qua 2 dot diéu tra, khao sat thuc
dia két hop phong van nong ho, bao gdm: cac thong tin vé mo hinh ndng nghiép, thu nhap,
anh huong cta thién tai dén san xuat nong nghiép, mirc do thiét hai, kha ning thich ing cta
cac ho gia dinh.

So li¢u thwr cap cac so lidu vé khi tuong, thuy van (nhiét d6 trung binh nam, luong mua
nam, sd ngdy nang nong, sd ngay rét hai, s con bao, sb ngay lii lut) duge thu thap & khu vuc
nghién ctru trong giai doan 2012 - 2022 (Bang 1). Dt liéu nghién ctru dugc thu thép tai tram
khi tuong Khe Sanh.

Céc s6 lidu vé dién tich, san luong, lao dong, ngudn nudc, co sd ha tang, kinh té dugc
thu thap tir Nién giam thdng ké hiang nim cta huyén Huéng Hoa, C&c vin ban bao cdo tinh
hinh kinh té x4 hoi, bao cdo cac md hinh san xuat néng nghiép ctia Uy ban Nhan dan huyén
huyén Huong Hoa (Bang 1).

Bang 1. Nguon dir liéu.

STT Nhém chi tiéu Chi tiéu Ngudn thu thip
Nhiét d6 trung binh ndm [12, 13, 16]
Luong mua ndm [12, 13, 16]
, .o S0 ngay nang nén 12,13, 16
! Khi twong, thuy vén sé n§a§ rét li_ﬂ ¢ Elz, 13, 16%
S6 con bio [12, 13, 16]
S6 ngay li lut [12, 13, 16]
Dién tich cdy hing nim [14, 15, 16]
2 Dién tich Dién tich cdy 1au nam [14, 15, 16]
Dién tich nuéi trong thiy san [14, 15, 16]
San luong cdy hing nim [14, 15, 16]
3 San lugng San lugng cay lau nam [14, 15, 16]
San lugng nudi trong thity san [14, 15, 16]
Lao dong duoc giai quyét viéc lam [14, 15, 16]
4 Lao dong Ti 1€ lao dong dugc dao tao [14, 15, 16]
S6 ho tham gia nong nghiép [14, 15, 16]
5 Ngubdn nuse Ti 1¢ dién tich dugc tiép can nudc tudi [14, 15, 16]
Ti 1€ dién tjch thiéu nuédce tudi [14, 15, 16]
. A Tilé he thong thuy loi duoc bé tong hda 14, 15, 16
6 Co s ha tang Ti 1& s ho a§ dun}gi co gioi hda trofg san xuét Elél, 15, 16}
7 Kinh té S6 ho tlep can von vay . o [14, 15, 16]
S6 ho tiép cin ngan sach hd trg thién tai [14, 15, 16]

2.3. Phuong phap nghién ciru

Danh gia TDBTT cua BDKH trong san xuat ndng nghiép & huyén Huéng Hoa duoc thuc
hién theo so d6 & Hinh 2.
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Hinh 2. So d6 c4u tric nghién ciru.

2.3.1. Phuong phap phan tich sé li¢u

Nghién ctru da tién hanh thu thap va phan tich s6 lidu so cip va thir cip dé co cai nhin
tong quan vé van dé BDKH va tac dong cua nd dén san xuat nong nghiép ¢ huyén Hudng
Hoa, tinh Quang Tri. Trén co s& phan tich dit liéu da cd, nghién ctru st dung phﬁn mém Excel
dé chudn ho4 va phan tich sé liéu.

2.3.2. Phuong phap khao sat thuc dia

Nghién ctru da dugc td churc thanh 2 dot khéo sat thuc dia. Dot 1 (thang 02 nam 2023)
tién hanh khao sat, thu thap cac s6 liéu so cap & cac xi phia nam ciia huyén (Xy, Lia, Ba
Tﬁng, Thanh, Thuan, A Doi, Huéng Loc, Huc, Tan Long, Tan Lap, Huong Lién, TT Khe
Sanh, TT Lao Bao, Tan Thanh, Huéng Tan va Tan Lap). Dot 2 (thang 07 nam 2023) tién
hanh khao sat thu thap so lidu tir cac xa phia bic cua huyén (Hudng Linh, Huong Phung,
Huong Son, Huong Viét va Huong Lap). Cac két qua khao sat s& bd sung ngudn sd liéu dé
c6 co so danh gia mic do ton thuong do BPKH giy ra ddi v6i hoat dong SXNN huyén
Hudng Hoa, tinh Quang Tri.

2.3.3. Phuong phép phan tich tht bac AHP

Phuong phap phén tich thir bic AHP [17] duoc st dung dé xac dinh céc trong sé cho cac
tiéu chi, bao gom:

Budc 1. Xay dung hé thong phén cap AHP;

Budc 2. Thiét 1ap ma tran de so sanh céc chi ti€u;

Budc 3. Tinh toan trong sb cho cac chi tiéu;

Budc 4. Kiém tra tinh thong nhat va téng hop két qua.

2.3.4. Phuong phap tinh toan cac chi sb

Trong s6 cho cac bién thanh phan duoc xac dinh bang cong thirc (1). Trong dé: Xi la
trong sO cua bién thanh phan; Xij 1a gia tri cua bién j twong tmg v6i bién thanh phan Xi; n la
sd bién phu trong bién thanh phan.

i Xijni

X, =
1 Z}’l nj

1)
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Sau khi xac dinh dugc trong s6 cta cac bién thanh phén, bién (E, S, AC) dugc xac dinh
bang cong thirc (2). Trong d6: X 14 trong s cua cac bién (E, S, AC); Xi la trong s clia cac
bién thanh phan cdu thanh nén bién di duoc tinh & cong thirc (3); ni la sé lwong cac bién
thanh phan cdu thanh nén bién.

Sn @

- Tinh dé bi tén thuong duoc biéu thi bang cong thire: V =f (E, S, AC) (3). Trong d6: E
12 @6 phoi nhiém, E cang cao muc d6 tic dong cang manh (E cang thép cang tot); S 1a do
nhay cam, S cang cao mirc d§ nhay cam cang lon (S cang thdp cang tot); AC la kha nang
thich ing, AC cang cao thi kha nang thich ung cang t6t (AC cang cao cang tot); V 1a chi s6
d& bi ton thuong do BDKH.

Phan cAp muc do cua cac chisd E, S, AC, V thanh 5 mtec: rit thip, thap, trung binh, cao
va rat cao (Bang 2) [19, 20, 22].

Bang 2. Phan cép muc d6 cua cac chis6 E, S, AC, V.

STT Gia tri Phéan cip
1 0,0<V <020 Rét thap
2 0,201<V <04 Thap
3 0,401 <V <0,6 Trung binh
4 0,601 <V <038 Cao
5 0,801<V<1,0 Rét cao

2.3.5. Phuong phap ban d6 va GIS

Nghién ctru s dung phuong phap ban d6 va GIS dé xay dung cac ban d6 danh gia chi
sO E, S, AC, V & cip cap do: rat thap, thap, trung binh, cao va rat cao [18].

3. Két qua va thao luin
3.1. Chi 56 cdc bién E, S, AC trong ddnh gid TDBTT

3.1.1. P phoi nhidm (E)

D6 phoi nhiém 14 ban chit va mic do mot hé théng chiu tac dong cua cac bién doi thoi
tiét dac biét. Hay noi cach khac, do phoi nhiém 1a murc d6 tac dong cua cac tac nhén lién quan
dén thién tai, khi hau va tac dong truc tlep dén hoat dong san xuat nong nghiép [1]. Cac bién
thanh phan dugc lya chon bao gdm: bién dong nhiét d6 theo so lidu thuc te trong thoi gian
quan trac tir 2012 dén 2022 (E1); bién dong lugng mua theo s6 liéu thuc té trong thoi gian
quan trac tir 2012 dén 2022 (E2); cac hién tuong thoi tiét cuc doan (E3). Nghién clru ap dung
cong thirc (1) va (2) dé tinh toan chi sé cac bién ctia d6 phoi nhiém theo don vi cdp xa (Bang
3).

Bing 3. Chi s6 cic bién ciia ¢ phoi nhiém theo don vi cap xa.

STT Xa, thj trin  E1 (Nhiét do) E2 (Lwong mwa) E3 (Thoi tiét cwc doan) E (P9 phoi nhiém)

1 Khesanh 0,619 0,425 0,517 0,518
2 LaoBio 0,619 0.425 0.475 0,491
3 Huéng Lap 0,619 0,425 0,580 0,561
4 Huéng Viét 0,619 0.425 0,547 0,539
5 Huong 0,619 0,425 0,505 0,511
Phung
6  Huéng Son 0,619 0,425 0,498 0,506
7 Huéng Linh 0,619 0,425 0,533 0,529
8  TanHop 0,619 0,425 0,476 0,491
9 Hudng Tan 0,619 0,425 0,522 0,522
10 Tan Thanh 0,619 0.425 0,561 0,548
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STT Xa&,thitrin E1 (Nhi¢tdd)  E2 (Lwong mwa) E3 (Thoi tiét cwe doan) E (P9 phoi nhiém)

11 Tan Long 0,619 0,425 0,528 0,526
12 Téan Lap 0,619 0,425 0,500 0,507
13 Tan Lién 0,619 0,425 0,525 0,524
14 Huc 0,619 0,425 0,580 0,561
15 Thuan 0,619 0,425 0,558 0,546
16 Huong Loc 0,619 0,425 0,528 0,526
17 Ba Téang 0,619 0,425 0,530 0,527
18 Thanh 0,619 0,425 0,580 0,561
19 A Doi 0,619 0,425 0,580 0,561
20 Lia 0,619 0,425 0,558 0,546
21 Xy 0,619 0,425 0,548 0,539

Bang 3 va hinh 3a cho thay: chi s6 d6 phoi nhiém ctia 21 x4, thi tran déu ¢ muc trung
binh. Mtrc d§ dao dong nho trong khoang 0,491 dén 0,561. Huyén Hudng Hoéa co6 dién tich
khong 16n, ¢6 vi tri dia 1y twong dong, vi vay, mirc d6 phoi nhiém trude diéu kién thoi tiét
khi hau ctia 21 xa co ban khong qué nhiéu sy chénh léch.

3.1.2. Bg nhay cam (S)

D0 nhay cdm 1a mtrc 46 cia mot hé¢ théng chiu tac dong (truc tiép hodc gian tiép) co loi
cling nhu bat lo1 boi cac tac nhén kich thich lién quan dén khi hau [1]. Bién thanh phan duoc
lwa chon bao gdm: dién tich (S1); san luong (S2); lao dong (S3); nguon nudce (S4). Nghién
ctru ap dung cong thirc (1) va (2) dé tinh toan chi s6 S theo don vi cip xa (Bang 4).

Bang 4. Chi s6 cac bién ciia d6 nhay cam theo don vi cap xi.

STT XA, thi tran (Diérslltl’ch) (Séinsllzl'g'ng) (Laosgf)ng) (Ngu65114nu'('rc) ) nhzy ciim)
1 Khe Sanh 0,412 0,541 0,346 0,542 0,453
2 Lao Bio 0,468 0,442 0,418 0,450 0,444
3 Huong Lap 0,830 0,688 0,701 0,803 0,751
4 Huong Viét 0,705 0,683 0,724 0,642 0,693
5  HuéngPhing 0,338 0,659 0,370 0,754 0,510
6 Huéng Son 0,735 0,595 0,629 0,674 0,657
7 Hudng Linh 0,716 0,516 0,693 0,612 0,636
8 Téan Hop 0,717 0,467 0,824 0,838 0,700
9 Huéng Tan 0,589 0,369 0,700 0,545 0,551
10 TanThanh 0,519 0,363 0,625 0,765 0,550
11 Tan Long 0,833 0,389 0,464 0,732 0,593
12 Tan Lap 0,521 0,457 0,631 0,442 0,519
13 Tan Lién 0,552 0,362 0,629 0,383 0,490
14 Hic 0,826 0,576 0,635 0,728 0,688
15 Thuéin 0,872 0,912 0,810 0,879 0,867
16 Huéng Loc 0,772 0,592 0,503 0,446 0,590
17 Ba Ting 0,751 0,773 0,676 0,534 0,697
18 Thanh 0,874 0,914 0,860 0,780 0,864
19 A Doi 0,852 0,908 0,795 0,866 0,854
20 Lia 0,785 0,787 0,680 0,734 0,748
21 Xy 0,843 0,397 0,564 0,828 0,642

Bang 4 va hinh 3b cho thdy: Céc chi s6 ctia d6 nhay cam khé 16n, dao dong trong khoang
tir 0,489 dén 0,867. Trong d6 mot sd xa c6 do nhay cam 16n nhu: Huc (0,688); Hudng Viét
(0,693); Ba Tang (0,697); Tan Hop (0,700); Lia (0,748); Hudng Lap (0, 751); A Doi (0,800);
Thanh (0,864); Thuan (0,867). Cac xd nay ngoai chiu sy tac dong chung gidng nhu cac x4
khac vé cac vé cac hién tuong thoi tiét, do dic diém dja hinh, thiy van nén ¢ day chiu tac
dong thém cua vao mua mua, dan dén dién tich, nang suét va san lugng cua cay trong, vat
nudi ciing anh hudng theo. Tir 6 1am cho chi sé nhay cam tong thé ting 1én. Nhimg khu virc
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con lai déu co chi s nhay cdm ¢ muc trung binh. Pay 1a nhiing xa, thi trin & cac vi tri va
diéu kién dia hinh twong ddi thuan loi nén chiu sy tac dong cta cac hién twong li lut it hon,
dién tich, va san lugng cdy trong vat nuodi it bi tdc dong hon nén chi sO nhay cam c6 phﬁn
thip hon cac x4 di néu trén. Tuy nhién can phai khang dinh lai, mdc du chi s6 nhay cam thap
hon cac xa da néu, song chi s6 nay ciing khong thip hon qua nhiéu va vin & mic do trung
binh. Khong ¢ xi c¢6 chi sé nhay cam thap.

3.1.3. Kha nang thich tng (AC)

Kha nang thich ng 1a kha nang ciia mot he thong nham thich tmg véi BDKH bao gom
su thay doi cuc doan ctia khi hau nham giam thiéu céc thiét hai, khai thac yéu to c6 loi hodc
dé phu hop voi tac dong cia BDKH [1]. Bién thanh phan duoc Iya chon bao gém: co so ha
tang (AC1); kinh t& (AC2). Nghién ctru 4p dung cong thirc (1) va (2) dé tinh toan chi sé AC
theo don vi cap xa (Bang 5).

Bang 5. Chi s6 cac bién cua kha ning thich tmg theo don vi cip x4.

STT X4, thi trin AC1 (Co sé ha ting) AC2 (Kinh té) AC
1 Khe Sanh 0,804 0,806 0,805
2 Lao Bao 0,651 0,822 0,737
3 Hudng Lap 0,422 0,492 0,457
4 Hudng Viét 0,391 0,443 0,417
5 Hudng Phing 0,885 0,410 0,647
6 Huéng Son 0,678 0,505 0,592
7 Hudng Linh 0,365 0,265 0,315
8 Tan Hop 0,760 0,431 0,595
9 Hudng Tan 0,776 0,536 0,656
10 Tan Thanh 0,645 0,569 0,607

11 Tén Long 0,733 0,514 0,623
12 Tan Lap 0,651 0,508 0,580
13 Tan Lién 0,704 0,325 0,514
14 Huc 0,443 0,596 0,520
15 Thuan 0,577 0,696 0,636
16 Hudng Loc 0,643 0,389 0,516
17 Ba Tang 0,392 0,404 0,398
18 Thanh 0,391 0,396 0,393
19 A Doi 0,704 0,212 0,458
20 Lia 0,595 0,364 0,479
21 Xy 0,768 0,300 0,534

Bang 5 va hinh 3c cho thay: cac chi s6 kha ning thich tmg cua céac xa trong huyén dao
dong 16n tir mirc thip (0,201-0,400) dén muc cao (0,601-0,80). Trong s6 21 x4, thi trdn thi
6 6 x3, thi trin c6 chi s6 kha ning thich tmg & mic cao (> 0,601) gdbm: Khe Sanh (0,805);
Lao Bao (0,737); Huéng Phung (0,647); Huéng Tén (0,656); Tan Thanh (0,607) va Téan Long
(0,623). Céac dia phuong nay 13 nhitng noi c6 diéu kién kinh té, xd hot t6t hon cac x4 khac,
nguoi nong dan da ap dung cac bién phap co gidi hoa vao san xuét, h¢ thong thuy loi cling
dugc bé tong hoa ddng thoi kha ning tiép van von vay cling & mirc cao. Do do, chi sé kha
nang thich tmg nim ¢ mic cao. Nhiing xi c6 kha ning thich ing thip nhét trong huyén bao
gém: Ba Tang (0,398); Thanh (0,393); A Doi (0,458); Lia (0,479); Hudng Lap (0,457);
Huong Viét (0,417); Huéng Linh (0,315); Téan Lién (0,514); Huong Loc (0,516); Hic
(0,520). Nguoc lai voi cac xa, thi tran ¢6 diéu kién kinh té, x4 hoi t6t hon nhu d néu trén thi
day 1a nhitng xa c6 diéu kién kinh té kho khan cta huyén, Ti 1¢ nong dan da ap dung céc bién
phap co gidi hoa vao san xuét chua cao, hé thdng thuy loi ciing chua duoc dau tu ding miec,
d6ng thoi kha ning tiép van vén vay ciing & muc thap. Do d6, chi sé kha ning thich tmg nim
& muc thap.
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3.2. Tinh dé bj ton thwong do bién doi khi hdu doi véi san xudt néng nghiép huyén Hudng
Hoa, Quang Tri

Chi s6 d& bi tén thwong (V) dugc tinh theo cong thirc (3) va két qua dugc thé hién & bang

Bang 6. Cac chi s6 E, S, AC, V theo don vi céip Xa.

STT X4, thi tran E s AC v
1 Khe Sanh 0518 0453 0,805 0,389
2 Lao Béo 0491 0444 0,737 0,399
3 HuéngLap 0561 0,751 0457 0,618
4 Hudng Viét 0539 0,693 0417 0,605
5 Huéng Phing 0511 0510 0,647 0,458
6 Huong Son 0,506 0,657 0,592 0,524
7 Huéng Linh 0,529 0,636 0315 0,617
8 Téan Hop 0491 0,700 0,595 0,532
9 Huéng Tan 0522 0551 0,656 0,473
10 Téan Thanh 0548 0,550 0,607 0,497
11 Tén Long 0526 0,593 0,623 0,498
12 Tén Lap 0507 0519 0580 0,482
13 Tan Lién 0524 0,490 0514 0,500
14 Huc 0,561 0,688 0520 0,576
15 Thuan 0546 0,867 0636 0,592
16 HuéngLoc 0,526 0590 0516 0,534
17 Ba Téng 0527 0,697 0,398 0,609
18 Thanh 0561 0,864 0,393 0,677
19 A Doi 0561 0,854 0458 0,652
20 Lia 0546 0,748 0479 0,605
21 Xy 0539 0642 0534 0,549

Bang 6 va hinh 3d cho thay: 21 x4, thi trin trong huyén c6 chi s6 ton thuong do BDKH
& mirc thap dén mirc cao. Dao dong trong khoang tir 0,389 dén 0,677.

7 xi ¢6 muc d6 ton thwong cao, bao gdm: Lia (0,605); A Doi (0,652); Thanh (0,677); Ba
Tang (0,609) Huéng Linh (0,617); Hudng Viét (0,605) va Huéng Lap (0,618). Nhimng xa nay
nhu d4 phan tich ¢ trén nhitng x3 ndy ngoai chiu tac dong chung tir cac hién tugng thoi tiét
cuc doan nhu rét dam, rét hai, bao, han héan thi con chiu tdc dong 16n tir 111 lut, do do kéo theo
su thay doi bat loi ddi v6i san xuat ndng nghiép. Ngoai ra kha nang thich Gmg ctia cac xa nay
& mirc thap nén chi s6 d& bi t6n thuong ting cao.

12 xa c6 chi s6 d& b ton thuong & mirc trung binh, bao gdm: Huéng Phung; Huéng Son;
Tan Hop; Huéng Tén; Tan Thanh; Tan Long; Tan Lép; Tan Lién; Huc; Thuén; Hudng Loc;
Xy. Mic du nam trong muc do trung binh, song mot sé xa co chi sd ton thuong twong ddi
cao, dién hinh 1a Thuan (0,592); Huc (0,576); Xy (0,549); Hudng Loc (0,534); Tan Hop
(0,532); Huong Son (0,524). Nhiing xa nay mot phan chiu tac dong tiéu cuc cuia BDKH, mét
phan cac chi so thich tmg v€ co s ha tang va kinh té khong duoc tot do vy kéo theo chi sd
dé bj tén thuong ting cao.

2 x4, thi tran c6 chi sd d& bi tén thuong thép d6 1a: thi tran Khe Sanh (0,389) va thi tran
Lao Bao (0,489). 2 thi trdn nay chiju tac dong cua cac diéu kién khi hau twong dong véi cac
x@ khac trong toan huyén, tuy nhién cac chi s6 nhay cam lién quan dén dién tich, san lugng
cay trong, vat nudi; lao dong; ngudn nudc.. . thuong dung lai ¢ muc trung binh, ddng thoi chi
s6 kha ning thich ing cao do vay kéo theo chi s6 d& bi ton thwong ha thap xudng.
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Hinh 3. Ban ¢6 TDBTT do BDKH ¢ huyén Hudng Hoa: (a) D6 phoi nhiém (E); (b) P nhay cam
(S); (c) Kha nang thich tng (AC); (d) Tinh dé bi ton thuong (V).
/’\ A
4. Két luan

Nghién ctru da danh gia dugc TDBTT (theo IPCC) trong san xuat néng nghiép & huyén
Huéng Hoa, tinh Quang Tri cho 21 x4, thi trin. Két qua nhu sau: (1) P phoi nhidém: cic xa
c6 dién tich khong 16n, c6 vi tri dia ly tuong déng, vi vay, muc do phoi nhiém trude diéu
kién thoi tiét khi hau khong qua nhiéu sy chénh 1éch; (2) P nhay cam: Céc chi s6 cia do
nhay cam kha 16n, dao dong trong khoang tir 0,489 dén 0,867; (3) Kha ning thich tmg cua
cac x4 trong huyén dao dong 16n tir muc thap (0,201-0,40) dén mirc cao (0,601-0,80). Trén
co s két qua tinh chi s6 céac bién E, S, AC, nghién ctru da xéac dinh dugc chi s6 d& bi tén
thuong do BPKH cho tirng xa trén dia ban nghién ctru. Cu thé: cac xa ctia huyén Hudéng Hod
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co chi s6 ton thuong do BDKH ¢ mirc thip dén mirc cao. Dao dong trong khoang tir 0,389
dén 0,677.Co6 7 xa cg') murc do ton thuong cao; 12 xa ¢6 muc do ton thuong trung binh (0,401-
0,60); c0 2 x4, thi tran c6 murc d6 ton thuong thap.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.H.S., D.D.C., P.K.V.; Xtr ly s6 liéu:
P.K.V., P.A.H.; Viéet ban thao bai bao: N.H.S.; P.K.V.; Chinh stra bai bao: D.D.C., N.H.S.

Loi cam on: Cong trinh nay dugc Pai hoc Hué hd tro mot phan theo Chuong trinh nghién
clru dé tai cép B6 mi sd B2023-DHH-28. Bén canh d6, con ¢6 su hd tro ctia dé tai Khoa hoc
Cong nghé thudc Chién luge Tang trudng xanh cdp Vién Han 14m Khoa hoc Cong nghé Viét
Nam, ma s6 DATT00.01/24-26.

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 ciu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Abstract: Climate change is challenging for people whose livelihoods depend on
agricultural production in Huong Hoa district, Quang Tri province. The study assessed
vulnerability in agricultural production activities in 21 communes and towns. We were
applying the IPCC's formula for calculating vulnerability in agricultural production
activities. Calculated indices include (1) exposure; (2) Sensitivity and (3) Adaptive Capacity
(AC). Based on the results of calculating the index of the main variables E, S, and AC, the
study has identified communes and towns in the district with a low to high climate change
vulnerability index. Among them, there are 7 communes with high levels of vulnerability
(Lia, A Doi, Thanh, Ba Floor, Huong Linh, Huong Viet, Huong Lap); 12 communes have
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an average level of vulnerability (Huong Phung; Huong Son; Tan Hop; Huong Tan; Tan
Thanh; Tan Long; Tan Lap; Tan Lien; Huc; Thuan; Huong Loc; Xy); and 2 communes or
towns have a low vulnerability index (Khe Sanh town, Lao Bao town). This result will help

local managers make appropriate adaptation measures for climate change and natural
disasters locally.

Keywords: Climate change; Agriculture; Vulnerability; Huong Hoa; Sustainability.
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Tém tat: Nghién ciu 4p dung cac md hinh hoc may bao gdbm MLP (Multi-layer
Perceptron), RF (Random Forest) va SVR (Support Vector Regression) dé du béo chi sd
chat lugng khong khi tai Tp. HO Chi Minh. Dir lidu dau vao bao gém chi sb chat lugng
khong khi AQI (Air Quality Index) va 5 bién khi tugng (diém suong, ap suat, nhiét do, do
am, toc do gio) tir thang 3/2019 dén thang 6/2021, v6i 70% dit liéu dau vao dugc sir dung
cho giai doan huén luyén va 30% dit liéu con lai str dung cho giai doan kiém tra. Thong qua
phan tich twong quan va phén tich ty twong quan mdt phén, 6 kich ban voi cac thong sé dau
vao khéc nhau duoc xay dung dé mo phong chi s6 AQI Két qua cho thiy ca 3 mé hinh déu
6 hiéu suét du bao tot & ca 6 kich ban. Trong d6, md hinh MLP vd&i 5 thong s6 dau vao
(MLP-KS5) cho hiéu qua du béo t6t nhat véi MSE = 0,0045, R? = 0,89, NSE = 0,886. D6i v6i
m6 hinh SVR, md hinh SVR véi 6 thong sé dau vao (SVR-K6) cho két qua du bao tot nhat
v6i MSE = 0,0048, R? = 0,88, NSE = 0,879. Pdi véi mo hinh RF, md hinh RF v&i 6 thong s6
dau vao (RF-K6) cho két qua du bao tt nhit véi MSE = 0,005, R? = 0,88, NSE = 0,875. Két
qua cho thdy, mo hinh MLP c6 kha niang mo phong t6t chi sd chat lwong khong khi cho
thanh phd H6 Chi Minh.

Tir khéa: Chi s6 chat luong khong khi; MLP; SVR; RF; Phuong phap hoc may.

1. it van d@é

Hién nay, thé giéi ngay cang phat trlen do qua trinh c6ng nghiép hoa, do thi hoa dién ra
manh mé&. Di doi voi su phat trién 1a moi lo ngai 16n vé van de 6 nhiém khong khi. O nhiém
khong khi 1a chi dé ¢ tim quan trong cao, cac van dé toan cau da ching minh rang tac dong
gay hai ctia n6 dén strc khoe thé chit con nguoi va he sinh thai [1]. Chét lugng khong khi la
tiéu chi quan trong dé danh gia mirc d6 6 nhidm ciia mot khu vye. Chat lugng khong khi xau
1a 1 trong 5 nguy co 16n gy hai cho stc khoe trén thé gidi, vi du nhu tiép xtc 1au dai véi
khong khi 6 nhiém lién quan dén bénh nhidm trung dudng ho hap, dau tim, dot quy va ung
thu phdi [2]. Theo bao céo ciia Ngan hang Thé gidi nam 2022 [3], ndéng d6 PM>. 5 trung binh
hang nam tai Viét Nam ludn cao hon tir 4 dén 5 14n so v6i ngudng an toan cua T6 chirc Y té
thé gioila10 (ug/md), va nim 2016 wdc tinh c6 hon 60.000 ca tir vong c6 lién quan dén 6
nhiém khong khi va theo Lién minh Toan cau vé Strc khoe va 0 nhlem udc tinh so ca tir vong
1én hon 50.000 vao nam 2019. Bénh canh d6, Hoi dong ¢d van kinh té udc tinh thiét hai kinh
té cia 6 nhiém khong khi s& bang 1% GDP vao nam 2020, dya trén chi phi tién té lién quan
dén viéc gia tang ty 16 méc bénh va ton thit lyc lugng lao dong.

Thanh phé Ho Chi Minh (TP.HCM) la trung tam kinh té cla khu vyc Nam b¢ va ca
nude, nam & nga tu qubc té giita cac con duong hang hai tir Bac xudng Nam, tu Ty sang
Péng, 1a tAm diém cta khu vuc Péng Nam A. Pay 1a dau méi giao thong nbi lién céc tinh
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trong viing, va nam trong ving chuyén tiép gitra mién Pong Nam B va dong bang song Ciru
Long (Hinh 1) [4]. Theo S¢ Giao thong van tai TP.HCM, tinh dén nim 2019 thanh phd co6
khoang 8,7 tri¢u phuong tién giao thong dang hoat dong, cung v6i bui thai tir hoat dong xay
dung trén dia ban da va dang lam tram trong thém tinh trang 6 nhiém khong khi trong thanh
phd. Theo da phat trién cta kinh té, luong dan cu ngay cang tiang. Tong dan sé ciia TP.HCM
nam 2022 1a hon 9,389 tri€u nguoi, chiém gan 9,44% dan s6 ca nudc va 49,92% dan sb ving
bong Nam B¢ [5]. Dan s6 ngay cang dong clng la mot trong nhitng nguyén nhén gy nén
nhimg van dé vé méi truong ma trong do phai ké dén 13 van dé vé 6 nhiém khong khi. Pay
cling 1a mdt trong nhiing van dé bue thiét va duoc quan tam hién nay tai khu vyc, vi vay
TP.HCM dugc lya chon 1a khu vyc nghién ctiru. Dy bao 6 nhiém khong khi rat quan trong ddi
véi su can thi¢p suc khoe cong déng va hoach dinh chinh sach kiém so4t 6 nhiém khong khi
[6]. Vi vay, viéc st dung mo hinh hoa trong du bao chét lugng khong khi dé kiém soat 6
nhiém tré nén phd bién tai nhiéu qudc gia trén thé gidi. C6 nhidu phuong phap khac nhau dé
du bao chit luong khong khi nhu mé hinh théng ké, md hinh vat ly,... Trong d6, hoc may da
duoc ung dung rong rai dé du bao chi sé chat luong khong khi vi cdc uu diém nhu tinh don
gian, tinh chinh xdc cua két qua du bao, mé hinh héa dugc cac mbi quan hé phire tap va phi
tuyén giita mot tap hop dit liéu ddu vao va muc tiéu, xtr Iy duoc bd dir lidu 16n. Do do, sir
dung phuong phap hoc may trong du béo chat luong khong khi duoc cac nha nghién ciru
trong va ngoai nudc quan tim dén nhiéu hon, dic biét 1 trong su bung nd phat trién cua cong
nghé 4.0.

Mot sé nghién ctru cho thay duoc tinh Gmg dung ctia hoc may voi kha nang du bao chat
luong khong khi [7—10]. Dién hinh nhu nghién ctru ciia Mehdi va cong su nam 2019 sir dung
md hinh RF (Random Forest), XGB (XGBoost) va DL (Deep Learning) du béo ndng do
PM_ s tai thu d6 Tehran, Iran; nhin chung két qua cho théy cac md hinh c6 hiéu suat kha t6t
v6i chi s R? trén 0,63, MAE trong khoang 10-11,15 va RMSE trong khoang 13,62-15,89
[11]. Nghién ctru cia Mauro Castelli va cong s nam 2020 da sir dung mo hinh SVR (Support
Vector Regression) két hop RBF (Radial Basis Function) dé du bao CO, Os, SOz, NO,
PM25, nhin chung, két qua du bao da sé déu tot. Chi sé R? dao dong trong khoang 0,77-0,99,
MAE dao dong trong khoang 0,08-0,46 [12]. Nghién clru cua Doreswamy va cong su nam
2020 su dung mé hinh MLP (Multi-layer Perceptron), RF, DT (Decision Tree), GB
(G radlent Boostlng) dé dy bao néng d6 PM2s tai huyén Binh Bong, Dai Loan voi dir ligu dau
vao gom ndng d6 CO, NO3, SOz, CO2, PM1o va tdc do gio, nhiét do. Két qua du bao tdt vai R
> 0,79, MSE < 6,28, MAE < 0,04, RMSE < 0,17 [13]. Nghién ctru cia Mac Duy Hung va
cong su nam 2017 da ing dung mang no-ron nhan tao dé xay dung mo6 hinh dy bao néng do
SO cuc dai ngay cho thanh phd Ha Noi. Két qua cho thay, ANN 1a c6 trién vong dé xay dung
mo hinh dy bao thong ké chat lwong khong khi, véi gia tri cia RMSE, RMSE va MAE lan
luot 14 11,7%, 3,28 va 2,58 [14]. Mot nghién ctru khac ciia Nguyén Thi Thu Phuong va cong
s nam 2020 sir dung str dung mo hinh MLP va SVM (Support Vector Machine) du bao nong
d6 O3 dbi luu hang gio tai tinh Quang Ninh. Nhin chung, mé hinh SVM c¢6 hiéu suét tét hon
so voi MLP, dic biét 1a trong cac tinh hudng dao dong 16n va ndng do ozone cao [15].

C6 thé thiy, cac mé hinh hoc may dugc ap dung phd bién va c6 hiéu qua trong viéc md
phong va du bao chét lugng khong khi ¢ cac khu vuc ngoai nudc. Tuy nhién, cac nghién ctru
v€ img dung cac m6 hinh hoc may trong mé phong chat luong khong khi & nudc ta van con
han ché, dic biét 1a tai TP.HCM van chua c6 nghién ctru nao thuc hién. Vi vy, nghién ctru s&
ap dung cac mo hinh hoc may dé mé phong chi s6 chat lugng khong khi tai khu vuc
TP.HCM.

Muc tiéu chinh ctia nghién ctru 1a du bao AQI tai TP.HCM dua trén cac mo hinh hoc may
v6i cac muc tiéu cu thé bao gom: (1) Xay dung cac thudt toan hoc may MLP, RF va SVR
bang ngdn ngir python; (2) Dy bio AQI tai TP.HCM duya trén cac mo hinh hoc may da xay
dung.
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Hinh 1. Khu vyc nghién curu.

2. Phuwong phap nghién ciru

bé dat duoc cac muc tiéu dé ra, nghién ctru tién hanh thyuc hién cac bude sau: (1) Thu
thap dir liéu tir tram Téng lanh su quan Hoa Ky tai TP.HCM bao gbm ap suat, do am, toc do
gio, nhiét do, swong, PM2s; (2) Tinh toan AQI theo Quyet dinh s6 1459/QD-TCMT cua Tong
cuc moi truong nim 2019; (3) Chuan hoa dit liéu dau vao; (4) Tinh tuong quan gitra cac bién
va thiét 1ap kich ban tinh toan; (5) Phéan chia dir liéu phuc vu qué trinh huan luyén va kiém tra
mo hinh; (6) X4y dung 03 mé hinh hoc may MLP, RF, SVR; (7) Huan luyén, kiém tra mo
hinh du bdo AQI tai TP.HCM. Quy trinh cy thé dugc thé hién trong Hinh 2.

AQI

(Theo 1459/QD-TCMT)

PM25 I

liéu dau vao

Chuén hoa dix 4{ Thiét lap kich ban tinh

Ap suat, d6 am, toc d¢ gi6, nhiét

do, Swong

Y

Xay dung cau triic mo hinh Phén chia dit liéu huan
(MLP, RF, SVR) luyén va kiém tra

A A
” buan T . )
p . . & Kiém tra, danh gia mé
Huéan luyén mé hinh - ____ . oo
Sai hinh mé phéng AQI

Hinh 2. Khung nghién ctru.
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2.1. MO hinh hoc may

2.2.1. M0 hinh Multilayer Perceptron (MLP)

Mang no-ron nhan tao 1a mot trong nhitng thudt toan hoc may phé bién hién nay. NO
dugc mo phong dua trén sy hoat dong cua céc té bao than kinh cua con nguoi. MLP thudc
mot trong nhiing mang no-ron phd bién hién nay. MLP gém hé théng cac no-ron don gian
duoc két ndi v6i nhau, 1a mot mo hinh dai dién cho mot anh xa phi tuyén gitta mot vecto dau
vao va mot vecto dau ra. Cac node két ndi voi nhau bang trong so va tin hiéu dau ra, la mot
ham cua téng cac dau vao cho node dugc sira d6i bing mot ham truyén phi tuyén don gian
hay con goi 1a ham kich hoat. Kién trac ctia MLP c¢6 thé thay d6i nhung nhin chung s& bao
gom mat s6 16p no-ron nhan tao. Lop dau vao khong dong vai trd tinh toan ma chi dong vai
tro truyen vector dau vao cho mang. Mot mo hinh MLP ¢c6 thé c6 mot hodc nhiéu 16p an va
cudi cing 1a mot 16p dau ra [16]. Hinh 3 mé ta cau trac mo hinh MLP.

P léch
(Bias)

Ham kich hoat
(Activation function)

Vk

Béura
{Output)

Tin hiéu vio J o) —»

(Input signals) .

Bo thg
(Summing tunction)

Trong sb lién két
(Synaptic wcights)

Hinh 3. Céu trac md hinh MLP.

2.2.2. M6 hinh Random Forest (RF)

RF 1a thuét todn hoc hoc may thudc dang hoc c6 giam sat. RF xay dung nhiéu ciy quyét
dinh trén cac tap con khac nhau cta tap dit liéu di cho va ldy gia tri trung binh dé cai thién do
chinh xac dy doan cta tap dir liéu d6. Thay vi dwa vao mot cay quyet dinh, RF lay du doan tir
moi cdy va dya trén da s6 du doan tir d6 dua ra ket qua du doan cudi cung. S6 lugng cay lon
hon dan dén d6 chinh x4c cao hon va ngin ngira van dé overfitting. RF con bd sung tinh ngau
nhién cho mé hinh, thay vi tim kiém dic tinh quan trong nhét trong khi tach node, n6 s& tim
kiém dic tinh tot nhat trong s6 tap hop con ngiu nhién. Hinh 4 thé hién ciu tric ctia mo hinh.

. Déi tugng
Ring ngau nhién
(Randnm Forest) \_
\
: \ N,
b \ /
Cay 1 Céay 2 Ciy 3

Lap A Lép B Lop C
| ]
L J

.
Bidu quylt da sb
(Majority Voting)

Lép cudbi clung

Hinh 4. M6 hinh RF.
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2.2.3. M0 hinh Support Vector Regression (SVR)

M6 hinh SVR duogc xay dung dua trén mo hinh SVM voi loi thé: sd luong tham s6 tu do
it hon, kha nang du bao tdt hon va huin luyén nhanh hon. Trong SVR, dit li¢u s€ dugc anh xa
vao khong gian dic trung k-chiéu, thong qua anh xa phi tuyén dua mé hinh hdi quy tuyén tinh
pht hop véi cac diém dit liéu trong khong gian nay. Sau d6, dit liéu tuyén tinh thu dugc duogc
st dung dé du bao trong khong gian dic trung méi. Lic nay, anh xa tir khong gian dau vao
vao khong gian dic trung méi dugc xac dinh boi ham kernel. Hinh 5 thé hién mé hinh SVR.

K(x;.%)
X

K(x 2 X
X
X, K(x,,x)

Hinh 5. C4u tric mé hinh SVR.

2.3. Thu thdp xu Iy va phdn chia dir liéu

2.3.1. Thu thap va xir 1y s6 liéu

Dir lidu duoc thu thap |4 cac thong s6 duoc quan tric lién tuc tir tram Lanh sy quan My tir
thang 3/2019 dén thang 6/2021, bao gom 06 thong sé nhu sau: ndng d6 PMa s, nhiét d, téc do
gio, do am khong khi, diém suong, ap suat. Sau khi thu thap dir liéu néng dd6 PM2s tai diém
quan tric, gié tri chi s chét lugng khong khi (AQI) cia PM25 dugc tinh theo hudng dan cua
Quyét dinh s 1459/QD-TCMT niam 2019. Bang 1 thé hién dic trung thong ké cia cac dir
li¢u thu thap.

Bang 1. Dic trung thdng ké cua dit liu

Bién Min Max Trung binh Do 1éch chuén Pon vi
Dir liéu chat
lrgng khong khi AQI 2,5 213,6 66,8 42,2
Nhiét do 23 31 27,9 15 °C
Di liéu TécAd(;) gio 0,5 5,9 2,54 1,0 m/s
khi tuc;ng .PQ am 47 100 77,4 10,7 %
i biém suong 14,5 26,5 23,4 2,4 °C
Ap suit 1003 1014 1009 1,89 mb

Vi dir 1iéu thu thap gém nhiéu thudc tinh véi cac ty 1¢, don vi khac nhau va gia tri ctia cac
dit liéu ban dau c6 khoang chénh 1éch 16n nén thuét todn hoc may co thé bi anh huong tur viée
nay. Do do, thay doi ty I¢ cac thudce tinh dé tat ca cac thudce tinh co chung mot ty 1¢ 1a viéc can
thiét. Piéu nay hiru ich cho cac thuat toan co trong s6 dau vao nhu hdi quy va mang no-ron
nhéan tao. Nghién ctru nay sir dung phurong phap chuan hoéa MinMaxScaler dé chuan hoa dir
liéu vé khoang [0;1] theo cong thirc:

x; —min (x;)

x'; = 1
" max(x;) — min (x;) 1)
Trong d6: x'; 1a gia tri x; sau khi chuyén héa; x; la gia tri ban dau; min (x;) la gia tri
nho nhat cua bién i; max (x;) la gid tri I6n nhat caa bien i.
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2.3.2. Phan chia dur li¢u

Phan chia dir liéu ciing 1a mot trong nhiing phan quan trong trong vi¢c xay dung mo hinh,
viéc phén chia dir liéu kem ¢ the dan dén hiéu suat mo hinh khong chinh xac va c6 nhiéu
thay doi. Tap huan luyén bao gdm cac diém dit liéu duoc str dung truc tiép trong viéc xay
dung mo hinh. Tép kiém tra gdm cac dit liéu duoc dung dé danh gia hiéu qua ctia mo hinh. Dé
dam bao tinh pho quat, dir liéu kiém tra khong duoc sir dung trong qua trinh xay dung mé
hinh. Diéu kién can dé mot mé hinh hiéu qua 13 két qua danh gia trén ca tip huin luyén va tap
kiém tra déu cao [17]. Cac phuong phap phan chia dit liéu c6 thé duoc phan loai thanh
phuong phap c6 giam sat va phuong phap khong c6 giam sat [18]. Khong c6 quy tic thong
nhat vé cach phan chia tip hudn luyén va kiém tra [19]. Tuy vao dir liéu hién c6 ma trong qua
trinh xay dyng mo hinh s& dua ra duoc ty 1¢ thich hop nhit. Qua qua trinh thir va sai, nghién
ctruduaraty I¢ t61 wu cho mé hinh 1a 70:30, 70% dit liéu st dung cho qua trinh huén luyén va
30% dir liéu sir dung cho qua trinh kiém tra.

2.4. Xay dung kich ban dir liéu dau vao cho mé hinh

Lua chon thong s6 ddu vao 1a mot trong nhitng budc rit quan trong trong viéc xy dung
mo hinh hoc may bdi né anh hudng dén két qua dau ra cling nhu tinh chinh xac ciia mé hinh.
Trong nghién ctru ndy, phén tich ty twong quan timg phan va phan tich twong quan dugc ap
dung dé xay dung kich ban dyu béo.

2.4.1. Ty tuong quan timg phan (PACF)

Biéu d6 twong quan 13 mot cach truc quan dé hién thi mbi twong quan n01 tiép trong dit
liéu thay doi theo thoi gian (tirc 1a dir liu chudi thoi gian). Tuong quan n6i tiép (con dugce goi
1a ty twong quan) la truong hop sai sO tai mot thoi diém trong thoi gian di chuyen dén mot
diém tiép theo trong thoi gian. PACF thu duoc mdi trong quan tuyén tinh cia mdi gia tri x:
cuia chudi voi cac gid tri khac & cac do tré khac nhau, nhu x;— 1, X;- 2,... nhung loai bo su can
thiép clia cac gia tri khac. Vi du, mdi twong quan giita xt VA X;—2 ¢6 su giao thoa cia xt 1,
PACEF s¢€ loai bo sy can thiép d6 [20].

Bang 2. Két qua phén tich tuy tvong quan ting phan cia AQI ddi voi cac mirc thoi gian tré.

Db tré (ngay) t1 t-2 t-3 t-4 t5 t-6 t-7 t-8 t9  t-10

Hé sb twong quan

" 0,92 0,19 0,08 0,15 0,09 0,03 0,01 0,11 0,07 0,04

Bang 2 thé hién két qua tu trong quan ting phan cta dit liéu AQI véi cac mire thoi gian
tré khac nhau. Trong bang két qua, AQI c6 mirc twong quan cao nhat voi AQI (t - 1) voi gid tri
twong quan 1a 0,92, cac gia tri AQI tai cac murc thoi gian tré khac 6 gia tri twong quan nho
hon 0,19. Do d6, nghién ciru nay str dung bién AQI (t - 1) 1am bién du vao.

2.4.2. Phan tich twrong quan

Phan tich trong quan c6 thé xac dinh mbi lién hé tuyén tinh giira bién chat luong khong
khi va céc bién khi tuong. Bang 3 thé hién két qua twong quan theo tht tu tir cao den thap
gifta bién AQI va cac bién khi tuong tré 1 ngay. Phan tich cho thay, diém swong c6 mdi quan
hé chat ché nhat voi AQI (r = -0,403), twong quan thap nhét 14 bién nhiét d6 véi r = -0,229.
Céc bién ap suat, d6 am, toc do gié c6 mirc twong quan lan lugt giam dan.

Bang 3. Tuong quan giita AQI (t) va cac bién khi tuong (t-1).

Diém swong (t-1) Ap suit (t-1) D) 4m (t-1) Téc dd gi6 (t-1)  Nhiét dd (t-1)

AQI (1) -0,403 0,371 -0,278 -0,274 -0,229
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2.4.3. Xay dung kich ban bién dau vao cho mé hinh

Thong qua phan tich PACF va phan tich tuong quan gitta cac bién khi tuong va bién
AQI, 6 kich ban dugc xay dung tuong ing voi s luong bién dau vao ting dan. Cu thé, cac
kich ban du bao duge thé hién trong Bang 4.

Béng 4. Kich ban du bao AQI cua cdc m6 hinh MLP, RF va SVR.

STT Kich ban Théng s6 dau vao
AQI
1 K1 R
(1)
AQI Piém suon
2 K2 R g
(t-1) (t-1)
AQI Piém suon Ap suét
3 K3 Q &
(t-1) (t-1) (t-1)
4 K4 AQl  Diém suong Ap suét Do 4m
(t-1) (t-1) (t-1) (t-1)
. K5 AQl  Diém suong Ap suét Do 4m Téc @6 gio
(t-1) (t-1) (t-1) (t-1) (t-1)
5 K6 AQl  Piémsuong  Ap suit Do 4m Téc @6 gio Nhiét do
(t-1) (t-1) (t-1) (t-1) (t-1) (t-1)

2.5. Panh gid hiéu sudt cho mé hinh

Dé danh gia hidu suat mo hinh, nghién ctru nay sir dung cac chi sb thong ké nhu hé sb
tuong quan R, hé s6 hiéu qua Nash-Sutcliffe (NSE) va sai s6 binh phurong trung binh (MSE).
Gia tri ctia R? va NSE cang tién vé gan 1 cho thiy hiéu qua mé hinh cang cao, gia tri MSE
cang tién vé gan 0 cho thy sai sé cang nho, mutrc d6 du bao cang tot. Cac chi s6 théng ké c6
cong thirc nhu sau:

Hé sd twong quan R?

2
[ n 1 y:)bs obs) (ysim_ysim) (3)
VB (925 5o (B 57 -ysim)”
Sai s6 binh phuong trung binh (MSE)
MSE = 23N, (yb* - y5im? @
Chi s6 Nash-Sulcliffe (NSE)

21 1(Y10bs y151m)2 (5)
I 1(y0bs _Obs)

Trong d6 y°P 1a gié tri quan tric thir i; y$™ 14 gia tri dw bao thir i; §°PS 1a gia tri quan
trac trung binh; y5i™ la gié tri du béo trung blnh.

NSE=1-

3. Két qua va thao luin
3.1. Md hinh MLP

Chi s chét luong khong khi duge du bao bang mé hinh MLP theo 6 kich ban. Két qua du
bao duoc thé hién trong Bang 5. Qua d6 cho thiy mé hinh MLP c6 kha ning du béo chat
lwong khong khi tot. Cu thé, két qua giai doan kiém tra déu cao hon giai doan hudn luyén va
cac gia tri MSE < 0,0064, R? > 0,84 va NSE > 0,84. Ngoai ra, trong 6 kich ban, kich ban c6
hiéu qua du bao cao nhét 1a kich ban 5 théng sé dau vao (MLP-K5) véi MSE = 0,0052, R? =
0,86, NSE = 0,869 cho qu4 trinh huén luyén va MSE = 0,0045, R? = 0,89, NSE = 0,89 cho
qué trinh kiém tra. Nguoc lai, kich ban c¢6 hiéu qua théng ké thép nhét 1a kich ban 1
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(MLP-K1) véi MSE = 0,0064, R? = 0,84, NSE = 0,84 cho qu4 trinh huén luyén va MSE =
0,0048, R? = 0,88, NSE = 0,88 cho qua trinh kiém tra. DJ thi so sanh dién bién chat luong
khong khi trong 2 giai doan huin luyén va kiém tra giita két qua tir MLP-K5 va quan tric
duoc thé hién trong Hinh 6.

CAu tric tong thé va cac tham s ciia mé hinh MLP véi 5 thong s6 dau vao (MLP-K5)
duogc thé hién trong Bang 6. M6 hinh MLP véi 3 16p an c6 sé luong no—ron trong mdi 16p
khéc nhau. Ham kich hoat dugc chon str dung 1a ham ReLU véi tdc d6 hoc 12 0,001. Ham tdi
uu duoc sur dung la Adam.

Bang 5. Hi¢u qua dy bao ctia mé hinh MLP theo 6 kich ban thong s6 dau vao.

. . Huan luyén Kiém tra
Kich bin MSE R? NSE MSE R? NSE
K1 0.0064 0.84 0,84 0,0048 0.88 0,88
K2 0.0061 0.85 0.85 0,0048 0.88 0.88
K3 0.0061 0.85 0.85 0,0048 0.88 0.88
K4 0.0055 0.86 0.86 0,0052 0.87 0.87
K5 0.0052 0.86 0.87 0,0045 0.89 0.89
K6 0.0057 0.86 0.86 0,0045 0.89 0.89

Bang 6. Cau triic va tham sb trong mé hinh MLP-K5.

$6 16p 4n Loai I6p 4n $6 no—ron
£ , A s 1 Dense 8
Cau truc mo hinh 2 Dense 5
3 Dense 3
Ham kich hoat RelLU
Téc do hoc 0,001
Tham s6 mé hinh Ham tdi vu Adam
Epochs 8000
Batch_size 150
230 1 - > Kiém tra (30%)
Huan luyén (70%) < >

200

—_ =~ —

020 1

e e i i e !

2020
2020
2020
2020
2020
2020 1
2020
2020
2020
2020
2020

o™
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11/

12
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3
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7
8
9

10/

Du bao Quan trac

Hinh 6. Dién bién gia tri AQI du béo va quan tric caa md hinh MLP-KS5 trong giai doan 2019-2020.

3.2. M6 hinh RF

Chi sb chit lugng khong khi dugc du bao bé’mg mé hinh RF theo 6 kich ban. Két qua du
béo duoc thé hién trong Bang 7. Qua d6 cho thay mé hinh RF ¢6 kha ning du bao chat luong
khong khi t6t mac du két qua cua giai doan huin luyén déu cao hon giai doan kiém tra. Nhin
chung, cac gia tri MSE < 0,004, R? > 0,9 va NSE > 0,90 trong giai doan huin luyén, va MSE
< 0,006, R? > 0,84, va NSE > 0,84 trong giai doan kiém tra. Trong 6 kich ban, kich ban c6
hiéu qua théng ké tot nhét 1a kich ban 6 (RF-K6) voi MSE = 0,004, R? = 0,9, NSE = 0,90 cho
qué trinh huan luyén va MSE = 0,005, R? = 0,88, NSE = 0,88 cho qua trinh kiém tra. D4 thi so
sanh dién bién chit luong khong khi trong 2 giai doan hudn luyén va kiém tra giira két qua tir
RF-K6 va quan tric duoc thé hién trong Hinh 7.
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Bing 7. Hiéu qua du bao ctia mé hinh RF theo 6 kich ban thong sb dau vao.

. . Huan luyén Kiém tra
Kich bin MSE R? NSE MSE R? NSE
K1 0,004 0,01 0,01 0,006 0.86 0,86
K2 0,002 0,93 0,93 0,006 0.84 0.84
K3 0,002 0.95 0.95 0,005 0.85 0.85
K4 0,0009 0,98 0,95 0,005 0.85 0.85
K5 0,003 0,92 0,96 0,005 0.87 0.87
K6 0,004 0.90 0.90 0,005 0.88 0.88

250 4 >
Huin luyén (70%)

Kiém tra (30%)

A
A 4

200

AQI

—_ = =

2/2020
3/2020
4/2020 1
5/2020 4
6/2020
7/2020 1
8/2020
9/2020 4
10/2020 A
11/2020 1
12/2020
1/2021
2/202

Dur bao Quan tric

Hinh 7. Dién bién gia tri AQI du b4o va quan tric cia md hinh RF-K6 trong giai doan 2019-2020.

CAu trac va cac tham sb ciia md hinh RF duge st dung cho kich ban 6 thé hién trong
Béng 8. M0 hinh dugc xay dung vi cac tham so n_estimator 1a 8000, min_sample_split 1a 2,

min_sample_leaf Ia 8, max_depth la 50.

Bang 8. Tham s trong mé hinh RF-K6.

N_estimators 8000
Tham s6 mé hinh Ml_n_sample_Spht 2
Min_sample_leaf 8
Max_depth 50

3.3. M0 hinh SVR

Mo hinh SVR duoc st dung dé du bao chi sé chit luong khong khi tai TP.HCM theo 6
kich ban. Hi¢u qua du bao duoc thé hién trong Bang 9. Qua d6 cho thay hiéu qua du bao cua
SVR ¢ mirc tot. Cling nhu md hinh MLP, hiéu qué dy béo giai doan kiém tra déu cao hon giai
doan huén luyén. Ca 6 kich ban déu cho R2 = 0,84, MSE < 0,0065, NSE = 0,84 cho giai doan
huan luyén, va R? = 0,88, MSE < 0,0051, NSE > 0,87 ddi v6i giai doan kiém tra. Kich ban
cho du bao tbt nhét 1a kich ban 6 (SVR-K6) véi MSE = 0,0064, R? = 0,84, NSE = 0,84 cho
giai doan hudn luyén, vd MSE = 0,0048, R? = 0,88, NSE = 0,88 cho giai doan kiém tra. D4 thi
so sanh dién bién chit lugng khong khi trong 2 giai doan huan luyén va kiém tra gitra két qua
tir SVR-K6 va quan tric duoc thé hién trong Hinh 8.

Bang 9. Hiéu qua du bio ctia md hinh SVR theo 6 kich ban thong s dau vao.

. . Huan luyén Kiém tra
Kich ban MSE R? NSE MSE R? NSE
K1 0,0065 0.84 0,835 0,005 0.88 0.875
K2 0.0065 0.84 0.837 0,0051 0.87 0.872
K3 0,0064 0.84 0,839 0,005 0.88 0.875
K4 0.0064 0.84 0,84 0,0049 0.88 0.877
K5 0,0063 0.84 0,841 0,005 0.88 0.875

K6 0,0064 0,84 0,84 0,0048 0,88 0,879
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Du bao Quan tric

Hinh 8. Dién bién gi tri AQI du bao va quan tric cia md hinh SVR-K6 trong giai doan.
Céu triic va cac tham s6 ctia mo hinh SVR dugc st dung cho kich ban 6 thé hién trong
Béng 10. M6 hinh dugc xay dung véi ham kernel 1a rbf, hé s6 gamma 1a 0,0005, hé s6 epsilon
1a 0,002, max_iter la 12000.

Bang 10. Tham s6 trong mé hinh SVR-KG.

Kernel rbf

C 100
Tham s6 md hinh Gamma 0,0005
Epsilon 0,002
Max_iter 12000

4. Két luan

Nghién ciru d thyc hién du bao chi sé chéat lugng khong khi cho thong sb PMzs tai khu
vuc TP.HCM dua trén 3 mo hinh MLP, RF va SVR. Két qua cho théy ca 3 md hinh déu co
kha ning dy bao t6t v&i chi s6 MSE < 0,0065, R? > 0,84, NSE > 0,835 trong ca 2 giai doan
huén luyén va kiém tra. D6i v6i mé hinh MLP, m6 hinh MLP-K5 (kich ban véi 5 thong s
dau vao) cho hiéu suat du bao tot nhat. B6i véi RF va SVR, mé hinh RF-K6 va SVR-K6 cho
hiéu suét du béo tét nhat véi 6 thong s6 dau vao. Nhin chung, mé hinh MLP-K5 1a mé hinh
t6i wu nhat vi cho két qua huan luyén, kiém tra t6t nhat, dong thoi st dung it dit liéu dau vao
nhét tron ca ba mé hinh, cy thé mé hinh MLP véi 5 thong s6 dau vao 1a AQI(t-1) va céc bién
khi tuong tré 1 ngay la suong, ap suat, do am, tdc do gi6 cho hiéu qua dy bao tdt nhét vai
MSE = 0,0045, R? = 0,89 va NSE = 0,886. Két qua dat duoc trong nghién ctru ndy kha tuong
ddng voi két qua tir nhom nghién ctru [14] thuc hién mé phong chat lugng khong khi tai thanh
phé Ha Noi, cac nghién ctru déu cho théy cac mo hinh dya trén mang no ron nhan tao c6 hiéu
qua mo phong tét chat lwong khong khi tai khu vuec.

Bén canh cac két qua dat dugc, nghién ctiru van con mét s han ché, cu thé nghién ciru chi
thyc hién dy bao tai 1 tram Tong lanh sy quan My tai TP.HCM, cing nhu chi tinh AQI do
PM2s ma chua xem x¢ét dén cac thong sb 0 nhiém khic nhu NOy, SOy,...Trong nghién ctru
tiép theo s& thyc hién tai nhiéu tram quan trac hon ciing nhu tinh toan AQI dua trén cac thong
sd khac cung v6i thong s PMa2s. Tuy nhién, két qua dat dugc trong nghién ctru d cho thiy
vu diém, tiém nang ung dung cua cac thuat todn hoc may trong du bao chi s6 chat lugng
khong khi. Thong qua do, cac nghién ctru tiép theo s& img dung cac thudt toan ndy dé du bao
nhiing thong s6 chat lugng khong khi khac hodc str dung cac bién dau vao da dang hon.
Pong gop tac gia: N.P.H.: phuong phap, tinh toan va phan tich két qua, viét ban thao; DS
D.H.V.: thu thap di liéu, tinh toan va phan tich két qua, viét ban thao; D.N.K.: Lén y tuong,
phuong phap, viét va chinh sira ban thao.
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Loi cdm on: Nghién ctiru nay dugce thyc hién dudi su tai trg cia S Khoa Hoc va Cong Nghé
Tp.HCM va duoc thuc hién boi Vién Khoa hoc va Cong nghé¢ Tinh toan (ICST) thong qua
Hop déng thuc hién nhiém vu khoa hoc va cong nghé $6 11/2020/HD-QPTKHCN ngay 22
thang 04 nam 2020.

Loi cam doan: Téap thé tac gia cam doan bai bao nay 1a coéng trinh nghién ctru cua tap thé tac
gia, chua dugc cong bd ¢ dau, khong duoc sao chép tir nhitng nghién ctru trude day; khong co
sy tranh chap loi ich trong nhom téc gia.
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Developing model for simualtion of air quality index in Ho Chi
Minh City using machine learning algorithms

Nguyen Phuc Hieu!, Do Duong Hoang Van?, Dao Nguyen Khoi'*

! Falcuty of Environment, University of Science, VNU-HCM; phuchieu50@gmail.com;
vanhoanggg25@gmail.com; dnkhoi@hcmus.edu.vn

Abstract: The aim of this study is to predict the Air Quality Index (AQI) in Ho Chi Minh
City using three machine learning algorithms: Multilayer Perceptron (MLP), Random
Forest (RF), and Support Vector Regression (SVR). The input data comprise AQI and five
meteorological variables (dew point, pressure, temperature, humidity, and wind speed)
recorded from March 2019 to June 2021. Seventy percent of the input data is used for the
training phase, while the remaining 30% is applied for the testing phase. Correlation
analysis and partial autocorrelation analysis were employed to develop six scenarios of
input variables. The results indicate that all three machine learning models exhibit robust
performance in predicting AQI for Ho Chi Minh City. Notably, the MLP model
demonstrates superior predictive capabilities, particularly in the scenario incorporating five
input variables (MLP-K5), yielding the best results with MSE = 0.0045, R? = 0.89, and NSE
= 0.886. The SVR model, under the scenario of six input variables (SVR-K6), achieves
optimal performance in AQI prediction with MSE = 0.0048, R? = 0.88, and NSE = 0.879.
Similarly, the RF model, in the scenario utilizing six input variables (RF-K6), yields the
most accurate prediction results with MSE = 0.005, R?> = 0.88, and NSE = 0.875. In
conclusion, the findings evince the proficiency of the Multilayer Perceptron model (MLP)
in accurately simulating the Air Quality Index for Ho Chi Minh City.

Keywords: Air Quality Index; Mutilayer Perceptron; Support Vector Regression; Random
Forest; Machine learning.
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Tém tit: Ban d6 dia hinh day bién, hai dd va mo hinh sé 3D dia hinh day bién 13 nhiing
loai thong tin (hodc cong cu) hét strc can thiét ddi v6i cac hoat dong trén bién. V&i uu diém
cung cap thong tin mot cach truc ‘quan nhat, mé hinh sé 3D dia hinh day bién dang duoc uu
tién nghién ctru xay dung trén thé gidi trong thoi gian gan day. Tai Viét Nam, do dac thu vé
kha nang tiép can dit liéu ma cac nghién ctru vé xay dyng mé hinh s 3D dia hinh day bién
con hét stc han ché. Mot trong nhirng ndi dung trong quy trinh xay dung mo hinh s6 3D dia
hinh day bién do la ndi suy cac diém d¢ sau va xay dung bé ‘mat mo hinh s6 3D. Chat luong
ctia mo hinh s6 3D dugc xay dung phu thude vao nhiéu yeu t6 trong d6 phuong phap noi
suy diém d6 sdu ciing nhu xay dung bé mit ciia mo hinh sé 3D. Nghién ciru ndy dé xuat sir
dung thuat toan Cubic Spline dé ndi suy diém do sau ciing nhu xac dinh bé mit ciia mé hinh
s6 3D dia hinh day bién. Trén co s& thuét toan va quy trinh da dé xuat, tién hanh thuc nghiém
xay dyng mo hinh s6 3D dia hinh day bién cho khu vuc bién Nha Trang - Khanh Hoa. Két
qua danh gia dg chinh xac cho thdy, mo hinh di xay dung c6 do chinh xéac xac dinh do sau
v6i sai sb trung phuong m = +0,465m. D¢ chinh xac mo6 hinh da xay dung hoan toan dap
g yéu cau xay dung mé hinh s6 3D dia hinh day bién.

Tir khéa: 3D; Dia hinh day bién; Phuong phap noi suy; Spline.

1. Gi6i thi¢u

Bén d6 dia hinh day bién 1a cong cu hét sirc can thiét trong dan duong trén bién, nghién
ctru bién cling nhu xay dung cac cong trinh trén bién,... Dé thanh 1ap ban db dia hinh day
bién, sir dung nhiéu cong nghé thu thap dir liéu khac nhau nhu do sau hdi 4m don tia, do sau
hoéi 4m da tia, thuy &m quet suon ... [1]. Ban dd dia hinh day bién c6 thé duoc thanh lap &
dang ban d6 2 chiéu (2D) hoic ban do 3 chiéu (3D). Mot trong nhitng wu diém cua ban do
dia hinh day bién 3D d6 1a cho phep hién thi mot cach tryc quan dia hinh day bién. M6 hinh
s6 3D dia hinh day bién biéu dién toan canh va chi tiét hoa vé cau triic va hinh dang ciia day
bién dudi dang mé hinh toan canh 3D. M6 hinh néu trén cho phép nguoi sir dung theo ddi
tryc quan khong chi dia hinh day bién ma con ca cac dbi twong nhu trim tich, sinh vat ...
dudi day bién. Vi ly do néu trén, xay dung mé hinh 3D dia hinh day bién 12 mét hudng nghién
ctru rat duoc coi trong.

Céc tac gia [2] dd gidi thiéu vé du an thanh 1ap ban d6 day dai duong trén pham vi toan
thé gidi. Trong dy 4n ndy, cac tiéu chuan ti thiéu vé d6 chinh xac cua dir liéu, diéu hudng
pixel va do phan giai da duoc khuyén nghi. Nghién ctru [3] da tong quan vé khoa hoc quan
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sat dia hinh day bién trong d6 nhdn manh tam quan trong ciia mang ludi quan tric day bién
da muc tiéu. Dit lidu do sau hoi am don tia 14 loai dit liéu do sdu hdi 4m xuét hién som nhat.

Dir li¢u thu nhén dugc boi phuong phap nay ¢ dang cac duong roi rac do d6 khong phan anh
hét hinh dang dia hinh day bién trén thyc té. Tuy nhién, loai dit liéu ndy ciing da c6 vai tro
16n trong x4y dung ban do dia hinh day bién. Cac tac gia [4] di danh gia d¢ chinh xac cua
cac thuat toan ndi suy dé xay dyng mo hinh 3D dia hinh day bién tir dit liéu do siu hdi 4m
don tia. Trong nghién ctru nay, da sir dung cac thuat todn ndi suy nhu: thudt todn nghich dao
khoang cach, ham radian xuyén tam (RBF - Radian Basic Function), ham ndi suy da thirc
tdng quat, ham ndi suy da thirc cuc bd va Kriging. Qua trinh thuc nghiém dugc tinh toan bang
cach str dung cac cong cu co sin trong b phan mém ArcGIS 10.3. Két qua thue nghiém cho
thy, ham radian xuyén tdm va Kriging cho d¢ chinh xéc tot nhat véi tap dit liéu thuc nghiém.
Nghién ctru [5] d3 str dung ham ndi suy Spline két hop v6i ham Green di dong (MGF -
Moving Green Function) dé noi suy dir liéu do sau phuc vu xay dung mo hinh s6 3D dija hinh
day bién. Nghién ctru di thuc nghiém vé6i hai phuong an: (1) Str dung ham nguyén thuy va
(2) dé xuat ham cai tién. Két qua thuc nghiém cho thiy ham ndi suy Spline két hop véi k§
thuat Green di dong cai tién cho d6 chinh xac tdt hon, thoi gian thyec thi ngén hon so voi ham
nguyén thity. Nghién ciru [6] d4 sir dung ham Kriging dé mo hinh hoéa 3D dia hinh day bién.

Trong nghlen ctru nay, thuat toan Kriging thong thuong va Kriging pho quat dd dugce sur dung.

Pé danh gia hiéu suét cua qua trinh md hinh hoa, céc tac gia da dé xuét chi sd bién doi hinh
thai (MVI - Morphological Variation Index) duoc sir dung dé do luong murc d6 bién doi cua
hinh dang day bién. Két qua thuc nghiém trong nghién ctru nay da cho thdy mirc 6 hiéu qua
ctia ham Kriging trong mé hinh héa dia hinh day bién. Bén canh d6, MVI 14 chi s6 hitu ich
dé dai dién cho sy bién ddi ctia ddy bién duéi dang mot gia tri duy nhat.

Tur dir li€u do sau, hinh dang dia hinh day bién thuong dugc mo hinh hoa & dang mo
hinh s6 d6 cao (DEM). B¢ chinh xac ctia mé hinh DEM dugc xdy dung phu thudc nhiéu yéu
td nhu do chinh xéac dir liéu do sau, thuét toan noi suy, mat do dit ligu,... Téac gia [7] da danh
gid do chinh xac ndi suy do sdu dé mo hinh héa dia hinh d4y bién. Cac thuat toan dugc sir
dung bao gdm nghich d4o khoang cach, Spline va noi suy theo tam giac. Két qua cho thay do
chinh x4c cua ba k¥ thuat noi suy dugc danh gia giam: (i) & mat do 1dy mau 6 nho hon, (ii)
khi khoang cach dén diém do gan nhét ting 1én va (iii) ¢ nhitng khu vuc c6 do doc va do
cong cao. Spline duoc cho 1a k¥ thuat chinh xéc nhét, mic du tat ca cac k¥ thuat déu co do
chinh xéc xap xi twong dwong & mat do 1dy mau dit liéu 16n va khoang cach ndi suy ngin hon
[7].

Generic Mapping Tools (GMT) 1a mét bd cong cu phan mém ma ngudn mé duge sir
dung rong rai trong dia ly, dia chét, va nghién ctru dai duong dé tao va hién thi cac ban do va
biéu dd khoa hoc. GMT cung cép mot loat cac 1énh va dong 1énh cho viéc xtr 1y dir liéu khong
gian, v& d6 thi, va tao ban d0. Tac gia [8] da sir dung GMT dé xay dung d6 hoa day bién tai
mot s6 khu vuc cua Pai Tay Duong. Cong trinh nay gop phan mo rong kién thirc v sy phat
trién dia chat va kién tao dy bién Dai Tdy Duong nham hoan thién quan diém vé dia mao
day bién tai khu vyuc nghién ctru. Polina LEMENKOVA [9] ciing da st dung GMT dé xay
dung mo hinh dia vat Iy cua ranh dai duong khu vuc Trung M. Dia hinh cta ranh Aleutian
vé phia déng nam ngoai khoi Bowers Ridge, bién Bering ciing dugc tac gia Polina [10] st
dung GMT d¢ phan tich. Cong trinh nay gop phan hiéu biét chi tiét hon vé do sau day bién
Thai Binh Duong, cu thé hon 1a doan dugc chon cta Rénh Aleu tian gan khu vuc Bowers
Ridge.

Mot trong nhirng cong nghé thu nhan tin hi¢u dé thanh 1ap ban d6 dia hinh day bién do6
1a hé théng may do hdi 4m da tia (MBE) [12]. Mdi hé thong MBE bao gém nhiéu hé thong
do ludong nhu dau sonar, hé thdng dinh vi, cam bién chuyén dong hoat dong dong bo. Bén
canh d6, cong nghé do sau SONAR ciing dd duoc phat trién dé c6 thé 1ap mé hinh 3D dia
hinh d4y bién mot cach truc quan véi do chinh xac cao [13]. Dién tich bién va dai duong cta
thé gioi rat rong 16n, néu thu thap dir liéu dia hinh day bién theo cac phwong phap truyén
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thdng s& can rat nhiéu thoi gian dé thyc hién. Cac thiét bi thu nhan dir liéu dia hinh day bién
tu dong (AUV) di duogc ché tao dé phan nao khic phuc duoc cac nhuge diém néu trén [14].
Céc tac gia [14] da dé xuat phuong phap ghép anh, khoi phuc mau dit liéu thu nhan boi AUV
dé xay dung mé hinh 3D dia hinh d4y bién.

Mo hinh 3D dia hinh khu vyc d6i bo (phan tiép giap gitra bién va dét hen) c6 ¥ nghia hét
stre quan trong trong nghién ctru tai bién thién tai. Céc tac gia [15] dd dé xuat phuong phap
LIDAR d thu nhan dit liéu phuc vu cho xay dung mo hinh 3D nhu da néu trén.

Sau khi xay dyng m6 hinh, mot van dé hét stc can thiét d6 1 hién thi mé hinh 3D. Tac
gia [16] da dé xudt phuong phap hién thi 3D khu vuc déi b trén co so sir dung ngon ngit 1ap
trinh C++ va OpenGL dé xay dung hé thong hién thi 3D gitip hién thyc héa truc quan hoa
dia hinh 3D thuc té ctia viing ven bién bang cach tao dudng bo tirc thoi. Trén co sd dir liéu
do SONAR, do sau da tia va st dyng cong cu phan tich h¢ thng thong tin dia 1y da x4c dinh
dugc thong tin vé dia hinh day bién [17].

Cho dén nay d3 c6 mot sd cong trinh nghién ctru vé thanh l4p ban d6 dja hinh day bién
tai Viét Nam, [18] da chimg minh vé tinh hiéu qua ciia may do sau hdi 4m da tia trong cong
tac khao sat dia hinh day bién phuc vu khao sat cong trinh. Tai cac khu vuc ven bo, dir licu
anh vién tham da dugc Gmg dung trong xac dinh do sau dia hinh day bién [19]. Trong nghién
ctru nay, dir liéu anh vé tinh Sentinel-2A da dugc str dung dé xac dinh d6 sau cho nhting khu
vuc ¢6 do sau t6i -10m voi do chinh xac dap tng tiéu chuan thanh lap ban d6 1/10.000. Céc
tac gia [20] da st dung gié tri trong luc x4c dinh dia hinh va d6 day 10p vo trai dat bén dudi
bién Pong. Phuong phap danh gia dg chinh xéac dir liéu do séu don tia phuc vu thanh lap ban
d6 dia hinh day bién ciing da duoc cong bd [21]. Bé thuc hién dugc cong viée nay, cac tac
gia da dé xuat thuat toan va xay dung chuong trinh méy tinh. Két qua thuc nghiém cho thiy,
cong cu may tinh da dugc xdy dung hoan toan dap g yéu cau clia cong tac danh gia dit liéu
do sau don tia. Pic diém dia hinh, dic diém cta bién d6i dia hinh khu vuc ddo Trudng Sa da
dugc cac tac gia [22] phan tich trén co so sir dung md hinh MIKE. Két qua cta nghién ciru
nay lam co s& khoa hoc dé phan tich dia hinh d4y bién phuc vu cho cac hoat dong tac chién
cua quan doi.

Co6 thé thiy rang, cac nghién ctru vé xay dung mo hinh 3D dia hinh day bién tai Viét
Nam van con hét stic han ché. Bai béo nay trinh bay két qua nghién ctru xay dung mé hinh
s6 3D dia hinh day bién tir dir liéu do sdu da tia str dung dudng cong tham sé xac dinh dugc
trén co s¢ tng dung thuat toan Cubic Spline.

2. Dir liéu va phwong phap nghién ciru

21. Khu vuc va dir liéu

nghién ciru : 12°14'14"N 12°14'14"N
: 109°26'20"E 109°38'20"E

Khu vuyc duoc Iya chon
dé nghién ctru 1a khu vuc bién
Nha Trang - Khanh Hoa c6 vi
tri dugc thé hién nhu hinh 1.
Khu vuc nay c6 do sau trung
binh tir -20m dén -80m. Dit
liéu dugc thu nhin st dung hé  ENa
thdng do sdu da tia nudc ndng T8
SeaBeam 1180 tan s hoat & perr
dong 180kHz, h¢ thégg datia
nude sau 3030 tan s6 30kHz &
va thiét bi quét suon Side § :

Scan Sonar Klein 3000 tan sb ; DI
hoat dong 100kHz va 500kHz ~ Hinh 1. Khu vye bién Nha Trang.
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cung vé6i thiét bi thu thap toa do Trimple SPS 361. H¢ thdng do d6 sau nuge nong da tia
SeaBeam 1180 1a san pham cia cong ty Wartsila Elac-Durc. N6 hoat dong ¢ tan s6 180 kHz,
phat séng dudi dang hinh chit T, c6 thé queét voi goc 1én dén 1400 va dai quét 200m ¢ do sau
trung binh 50m. Hé théng nay dugc diéu khién thong qua phan mém SeaBat UI Control dé
thu thap dir licu mdt cach nhanh chong va chinh xéac. Véi kha nang khao sat chi tiét dia hinh
nudc nong, do phan giadi cao, cung kha nang thu thap dir liu tan xa voi do chi tiét cao, hé
thong nay duoc st dung dé thu thap dir liéu ¢ long hd va khu vuc ven dao véi do sau tir
0+500m. D§ chinh xac toa do, do siu dat cac han sai tir hang dac bi€t toi hang 2 theo tiéu
chuan S-44 v5 (IHO).

2.2. Thudt toan Cubic Spline

Cubic Spline 12 mot phuong phéap ndi suy duge sir dung dé xay dung dudng cong muot
ma va lién tuc théng qua mot tap hop cac diém dir liéu d3 biét. Puogc st dung rong rii trong
d6 hoa may tinh, xir Iy anh va cac tng dung khéc, thuat toan Cubic Spline cung cap mot céch
hiéu qua dé biéu dién va xir 1y dit liéu hinh anh hodc s liéu nhu sb liéu dia hinh [23]. Theo
tai liéu [24] co thé dién giai ngan gon cach tao dudng cong cubic spline tir tip diém chi tiét
nhu sau:

Budc 1: Chuan bi dit lidu

Dir lidu dau vao ¢ day l1a dir liéu dang 3 chiéu cta cac diém do sdu v6i yéu ciu cac thanh
phan toa d6 dugc sip xép theo trinh ti giam dan vé d6 16n theo mot hodc nhiéu truc.

Budc 2: Tinh khoang cach giita cac diém lién ké nhau

Chia khoang giita mdi cip diém thanh cac doan dudng va xay dung mot da thirc Cubic
Spline cho mdi chiéu (x, y, z). Mdi chiéu c6 mot da thirc Cubic Spline tuong tng.

Ddi v6i mdi chiéu, da thirc Cubic Spline c¢6 dang:

Si() = a; +bi(t—t) + ¢t —t)* + di(t—t;)° 1)

Trong d6 S;(t) 1a da thirc cubic spline cho doan duong thir i, va aj, b;, ¢;, d; 13 cac hé s6
can duoc xac dinh.

Budc 3: Xac dinh diéu kién lién tuc va lién tuc bac 2

Pé dam bao tinh lién tuc va lién tuc bac hai, ap dung cac diéu kién sau tai mdi diém ndi
suy:

Si(t;) = P, (v6i P, 1a toa d6 twong ung theo chiéu x, y hoic z)

Si—1(t;)) = S;(t;) (tinh lién tuc)

" () = S{'(t)) (tinh lién tuc bac hai)

Budc 4: Giai hé phuong trinh

Giai hé phuong trinh tuyén tinh cho mdi chiéu dé xac dinh cac hé sb a;, b;, ¢;, d;. Gia st
rang cac diém duoc cho theo thrtra=ty<t; <t, <---<t,=bvadith;=t;,; —t;.

AXx =D khi

(1 0 0 0 0 0
+
o 2heth) M 0 0 30, -a)- 2 -a,)
0 h  2(+h,) h, 0 h, h,
A=[0 0 0 2(h,+h,) .. 0|; b=
0 0 0 h 0 3 3
: h_(an h an-l) - _(an-l - an-z)

e e e e e . n,l n,2
0 o0 0 o .1 | 0 |

Budc 5: Ap dung da thirc Spline

Sau khi ¢6 duogc cac hé sb aj, by, ¢, d;, da thire Spline dugc xay dung cho mdi doan dudng
va st dung dé ndi suy gia tri tai cac dlem khong biét. Qua trinh nay tao ra mot dudong cong
mugt ma va lién tuc qua cac diém chi tiét nhu hinh 2.
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Hinh 2. Puong cong Cubic Spline.

2.2. Phuwong phap xdy dung mo hinh s6 3D dia hinh day bién dwa trén phwong phdp dwong

cong tham so

Céc budc thuc hién trong truong hop nay
nhu sau:

Budc 1: Xac dinh tuyén chinh trén nén cac
diém d¢ sau (Hinh 3)

Budc 2: Xac dinh cac tuyén lién ké véi
tuyén chinh (Hinh 4)

Céc tuyén chinh va tuyen lién k& dugc xac
dinh dya vao khoang cach tdi thiéu giita cac
diém do sau chi tiét, cin ctr vao cac thong s6 nay
s& xac dinh dugc tuyén dau tién.

Budc 3: Xay dung duong cong Cubic
Spline di qua cac diém ciia tuyén lién ké (Hinh
5)

Budc 4: Xac dinh cac mat vudng goc voi
tuyén chinh, cit cic dudng cong tham s tai
cac vi tri mai (Hinh 6).

" _ Tuyén chinh ®  DPiém d6 sau
" _ Duong cong tham sb

Tuyén vudng goc

Hinh 6. Xac dinh duong vudng goc véi tuyén chinh.

M&i mit vudng goc s& cat dudong cong tham
s6 lién ké tai 1 sd diém, lua chon cac diém nay
dé tiép tuc xay dung dudng cong Cubic Spline
theo huong vudng géc. Nhu vay s€ dugce ludi tu
giac cong nhu hinh 7.

~~ _ Tuyénchinh @  Diémdo siu

Hinh 3. X4c dinh tuyén chinh trén nén cac diém d¢ sau.

/7 _ Tuyén chinh @ Diém d séu Tuvén lién ké

Hinh 4. Xéc dinh tuyén lién k& véi tuyén chinh.

®  Diémdd siu

Tuyén xu hudng

™ Puong cong cubic-spline

Hinh 5. Buong cong Cubic Spline da xac dinh duogc.
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o

" _ Tuyén chinh -\ Puong cong tham s6 vuéng goc

i . DPuong cong tham sb lién ké
® Piém do sau N = =
®  Piém nut lwéiméi

Hinh 7. Ludi t giac cong xac dinh dugc theo thuét toan Cubic Spline.

Budc 5: Xay dung mat tir giac cong khong gian

v

L

Hinh 8. Mt tir giac cong khong gian.

Do chinh x4c cia md hinh dugc thanh 14p theo phuong phap nhu trén dugc danh gia
thdng qua hai tiéu chi:
- Sai s0 trung phuong RMSE:

RMSE, = \/%Z?:1<zdi -Z,)? 2)

Trong d6 RMSEz la gia tri sai s6 trung phuong; Zdi l1a gia tri do cao th i trén bé mit
DEM két qua ctia phuong phap tai chia mau; Zii 1a gia tri d¢ cao thir i trén bé mit mo hinh
tham khao; n la s6 lwong diém d6 cao kiém tra.

- Sai s6 trung binh:

= {%Z(Zdi B Zri)i| 3)

Trong d6 MEz 1a sai s6 trung binh; n, Zgi, V& Zsi twong (g giéng nhu trong cong thirc

(1)
3. Két qua va thao luin

Dua vao dir liéu thu dugc ngoai thuc dia da dugc trinh bay ¢ trén, nhom tac gia da xay
dung duogc bo dir liéu thanh phén toa do 3 chiéu cua cac diém do sau bao gém 6429 diém.
Qui trinh do dac thyc nghiém dugc thyc hién theo cac budc co ban nhu sau:

Budc 1: Chuén bi thiét bi do dac, kiém nghiém dénh gia thiét bi trudc khi do;

Budce 2: Do dac thu thap s6 lidu thuc nghiém;

Budce 3: Xt 1y sb liéu sau khi do dac.
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‘ S6 lidu sau khi do dac duoc xir 1y theo quy trinh biéu dién nhu trong hinh 9 bang phan
mém Hypack [25].

1.Tao du 4n 8. Loc dit liu
‘ ¢ ‘ (loc tinh)
2 Thiét 14p co' 56 |
toan hoc 9. Save dir liéu
' (*.hs2
3. Mo file dir ligu tho * xyz
(*.Log, * HSX) * mix)
4. Nhap cAc gié tri 56 hiéu chinh 11. Luu dit liu
(*xyz)
¥
Nhép s higu Nhap sé liéu Nhap
chinh thuy triéu vin téc im phat bién
| |
5. Chuyén d6i
dit liéu tho
'
6. Loc dit liéu
(Loc tho)
¥
7. Thiet 1ap vimg
hiéu chinh

Hinh 9. Xac dinh cac thanh phan toa do 3 chiéu diém do siu sir dung phan mém Hypack.

Duya vao thuét toan duong cong khong gian, nhom tac gia da xay dung 01 phan mém xay
dung md hinh sé 3D dia hinh day bién. Chirc nang chinh ctia phdn mém bao gom:

- Poc dit lidu gdc tir két qua do sau hoi am da tia;

- Tao ludi do sau da dd phan gidi va ndi suy gia tri do sau theo cac thuét toan IDW, theo
ham xu thé Cubic Spline;

- Thanh 1ap m6 hinh s6 3D dia hinh d4y bién va danh gia do chinh xac;

- M6 phong bé mit day bién.

Giao dién cta phan mém dugc thiét ké don gian va than thién voi nguoi dung duge thé
hién trong hinh 10.

Héthéng Chtcnsng Thanhlsp md hinh3D  Danh gia 66 chishxac M6 phong b2 mat day bién  Hidnthi  Tro gitp

QE - 4

Danh sach I6p dl lieu
Boiém géc
Boiém usi

Hinh 10. M6 hinh s 3D bé mit véi cac tir giac cong khong gian.

_ MO hinh s6 bé mit véi cac tir giac 1a dudng cong khong gian duoc xdy dung bang phan
mém thé hién nhu hinh 11.
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Hinh 11. M5 hinh sé 3D bé mit véi cac tir gidc cong khong gian.

Dua vao phuong phap danh gia dg chinh xac mo hinh da trinh bay ¢ trén, cac tac gia da
tinh toan céc sai sb trung phuong cho cac mé hinh duoc thanh 1ap sir dung 714 diém dé kiém
tra va so sanh Két qua tinh toan RMSE = £0,465m, ME = 0,064m duoc thé hién cu thé nhu
bang 1.

Bang 1. Panh gia do chinh x4c mé hinh sé vira thanh 1ap.

STT X Y Zitwe ZMh Hiéu di | di| di2
1 924749,50 1220085,75 18,09 18,03 -0,06 0,06 0.00
2 924722,94 1220111,38 18,09 18,03 -0,06 0,06 0.00
3 924704,38 1220084,00 18,04 18,13 0,09 0,09 0.01
4 924407,56 1220033,75 18,25 18,25 0,00 0,00 0.00
5 924395,75 1220014,63 18,29 18,25 -0,04 0,04 0.00
6 924660,69 1220040,63 18,30 18,28 -0,02 0,02 0.00
7 924655,88 1220043,13 18,30 18,28 -0,02 0,02 0.00
8 924445 38 1220051,63 18,30 18,30 0,00 0,00 0.00
9 924489,38 1220014,75 18,37 18,30 -0,07 0,07 0,01

708 930963,63 1219627,88 49,79 50,02 0,23 0,23 0,05

709 931037,31 1219693,00 49,75 50,06 031 031 0,10

710 931023,06 1219726,88 50,21 50,06 -0,16 0,16 0,03

711 930984,25 1219805,88 50,07 50,06 -0,01 0,01 0,00

712 931010,50 1219821,50 50,08 50,06 -0,02 0,02 0,00

713 930975,06 1219832,75 50,23 50,06 -0,17 0,17 0,03

714 930803,69 1219288,50 50,07 50,06 -0,01 0,01 0,00

Sai §6 trung binh ME (m) 0,064m
Sai so0 trung phwong RMSE +0.465m
(m) —

4. Két luan

Dua trén két qua nghién ctru co so toan hoc, nhém nghién ciru da dé xuit img dung thuat
toan Cubic Spline dé xdy dung mé hinh sb 3D bé mit dia hinh day bién. Kém theo d6, phuong
phap va quy trinh xdy dung mé hinh s6 3D bé mit st dung thuat todn Cubic Spline di dugc
xac 1ap bao gdm 5 budc nhur da trinh bay trong muc 2.

Két qua cua nghién ctru nay doé la da xay dung dugc mo hinh s6 3D bé mit cho khu vuc
bién Nha Trang - Khanh Hoa véi d6 chinh xac x4y dung mé hinh 1a £0,465m. D6 chinh xac
xdy dung mé hinh néu trén hoan toan dap tng yéu cau vé do chinh xéac trong xay dung mé
hinh / ban @6 3D dia hinh d4y bién phuc vu tmg dung da muyc tiéu.

Mot nhuoc diém cta nghién ctru ndy d6 13 chwa trich xuat duoc dir liéu mé hinh 3D bé
mat sang cac dinh dang ma céc phﬁn mém GIS hién dang st dung. Trong thoi gian tdi, can
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tiép tuc nghién ctru phat trién cong cu dé c6 thé tich hop két qua ciia nghién ctru nay véi cac
phan mém GIS.

Dbong gop cua tac gia: Xay dung y tuong nghién coru: N.D.H.; Viét ban thao bai bao: N.D.H.;
Xt 1y s0 liéu: P.N.Q.; Chinh stra bai bao: N.D.H., P.N.Q.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay la cong trinh nghién ctru cua tép thé
tac gia, chua dugc cong bo ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 su tranh chap 1oi ich trong nhoém tac gia.
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Building a 3D underwater terrain model based on the parametric

curve method

Nguyen Dinh Hai!, Pham Ngoc Quang?3*

! Viet Nam’s People Naval Hydrographic and Oceanographic Department;
hthhaithem@gmail.com

2 Faculty of Geomatics and Land administration, Hanoi University of Mining and
Geology; phamngocquang@humg.edu.vn

3 Geodesy and Environment Research Group, Hanoi University of Mining and Geology

Abstract: Seabed topography maps, nautical charts, and 3D numerical models of seabed
terrain are indispensable sources of information (or tools) for marine activities. Given their
advantage of providing information in a highly visual manner, 3D numerical models of
seabed terrain have been prioritized for research and development globally in recent times.
In Vietnam, due to limitations in accessing data, research on constructing 3D numerical
models of seabed terrain remains significantly constrained. One crucial aspect in the process
of building a 3D numerical model of seabed terrain is the interpolation of depth points and
the creation of the 3D model surface. The quality of the 3D model constructed depends on
various factors, including the method of interpolating depth points and building the surface
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of the 3D model. This study proposes the use of the Cubic Spline algorithm for interpolating
depth points and determining the surface of the 3D numerical model of seabed terrain. Based
on the proposed algorithm and procedure, experiments were conducted to build a 3D
numerical model of seabed terrain for the Nha Trang - Khanh Hoa marine area. The accuracy
evaluation results indicate that the constructed model accurately determines the depth with
a root mean square error of £0.465 meters. The accuracy of the constructed model fully
meets the requirements for building a 3D numerical model of seabed terrain.

Keywords: 3D; Seabed terrain; Interpolation method; Spline.
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Tém tit: Nudc dudi dat (NDD) la mét trong nhimng ngudn tai nguyén thién nhién quan
trong db6i v6i viing ven bién Pong bang song Ctru Long (DBSCL), nhung cong tac quan ly
ngudn tai nguyén NDD hién nay con nhiéu han ché do chua c6 cac chinh sach cu thé va
chua xdac dinh ranh gidi cing nhu trir luong khai thac cho tung khu vyc. Nghién ctu sur
dung phan mém QGIS két hop véi diéu tra khao sat thuc dia dé xay dung bd co so dir lidu
giéng khoan trén dia ban 3 x4 (My Long Bic, My Long Nam, Long Son) huyen Cau Ngang
tinh Tra Vinh ndm 2017. Két qua da gop phan hd tro cong tac quan 1y va danh gia hién trang
str dung nudc dudi dat ¢ hién tai va trong tuong lai. Co so dir liéu c6 thé duoc trich loc, cap
nhét va chia sé¢ dé dang. Qua phan tich cho thay, s6 lwong giéng khai thac ciing nhu luong
nudc khai thac trén dia ban 3 x& cua huyén la rat 16n, tap trung nhiéu ¢ khu vyc trong mau.
Do sau giéng khoan khai thac nudc dudi dat trung binh tir 80-120 m va luu lugng nude dudi
dat khai thac ngay cang sut giam theo nhan dinh cua ngudi dén, dac biét la trong mua kho.
Két qua nghién ctru gop phan hd trg cho cong tac quan 1y khai thac, sir dung NDD va phuc
vu cho viéc luu tri¥, truy van thong tin mot cach tién lgi, nhanh chong ciing nhu chia sé dir
liéu gitta cac don vi ban nganh c6 lién quan dén nguén tai nguyén NDD.

Tir khéa: Nudc dudi dat; QGIS; Ving ven bién.

1. Giéi thi¢u

Hé thong thong tin dia Iy (Geographic Information System - GIS) bét dau hinh thanh vao
nhimg nim 1960 va phat trién manh mé& & nhiéu nudc trén thé gidi. GIS c6 kha ning Gmg
dung trén hau hét cac linh vuc: mdi truong, khi tugng thity vin, nong nghiép, dich vu tai
chinh, y té, giao thong, va quan Iy nha nudc,. .. trong d6 linh vic mdi truong duoc ap dung
phd bién. Thyc té, da c6 nhidu nghién ctru tmg dung GIS trong linh vuc quén 1y tai nguyén
nuoc va moi truong dugce thyc hién trén thé giéi [1-3] ciling nhu ¢ Viét Nam [4-5].

Trén thé gidi, két hop GIS vai Vlel’l tham hay cac mo hinh thuy van dé quan Iy tai nguyén
nude (TNN), tim kiém ving nuéc ngdm tiém nang nhu cac nghién ctru cua Chorus 2007 va
Julla Kabeto 2022 [2-6]. GIS cling duge sir dung doc lap dé thu thap, luu trit, kham ph4,
quan 1y va cudi cuing hién thi cac thong tin vé TNN [7]. O Viét Nam, Nguyén Thanh Ngan
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va cs., (2019) str dung GIS trong quan ly nu6e cho khu vue thanh phé Can Tho thong qua
xay dung CSDL hién trang mang lu6i cap nudc va ban dd mang ludi duong dng cap thoat
nude [8]. Nghién ctru [9] str dung GIS dé theo ddi va danh gia thay doi muc nude dudi dat
ctia tinh ik Nong. Két qua thé hién dugc mue NDD cua khu vire dang suy giam vé sb luong.
Cac nghién ctru ké trén déu cho thay vai tro cua GIS trong quan 1y TNN.

Déi véi vung ven bién Pdng bang song Ctru Long (PBSCL) hang nim, gan 2,1 triéu ha
(khoang 50% tong dién tich) bi anh huong boi xdm nhap man. Tinh trang nguén nudc mat bi
nhiém min 1dm anh huong dén viée sir dung nude trong san xuit va sinh hoat ctia con ngudi
dan dén xu huéng str dung ngdy cang nhiéu nguén NDP [10]. Bén canh d6, viéc sir dung
NDBD tuéi cho canh tac ndng nghiép ¢ ving ven bién DPBSCL néi chung va tinh Tra Vinh noi
riéng con chua hop ly, gdy lang phi nudc dang ké trong qua trinh tudi tiéu; diéu nay da dan
dén viéc suy giam nghiém trong ngudn tai nguyén NDD tai cac tinh vung ven bién [11].

Tra Vinh c6 nguon nudc mat cung cép truc tiép tir 2 song 16n 1a: séng Tién va song Hau,
c6 ngudn nudc mua hang nim kha cao, trung binh hon 1.400 mm/nam. Tuy nhién, Tra Vinh
van thiéu nude ngot cho sinh hoat va néng nghiép dic biét vao mua kho, giy anh huong 16n
dén cudc séng clia ngudi dan va qué trinh san xuét néng vu [12]. Theo S6 TN&MT tinh Tra
Vinh nam 2013, trén dia ban tinh udc tinh ¢6 khoang 100.000 gleng khai thac NDD, luu
luong khai thac khoang 200.000 m*/ngay dém va viéc quan ly giéng ciing con nhiéu bét cap
[13—14]. Hau hét cac giéng khoan déu khong c6 gidy phép ctia co quan chuyén mén, phuong
thirc khoan giéng ctia co sé tu nhan con tho so va chua theo cic quy trinh k¥ thuat quy dinh
nén dé lam 6 nhiém nguén nudc dudi dat trong qua trinh khai thac, sir dung [14]. Bén canh
do, rat nhidu giéng khoan bi bo hoang khi khong con sur dung hodc khai thac khong hi€u qua
ma lai khong c6 bién phap xir Iy hodc tram lap da lam tang nguy co tham thau hoa chat qua
cac 10p dét, gy ra hién tuong 6 nhiém thong ting mach [15]. Véan dé dat ra can phai c6 mét
céng cu xur Iy, quan ly cac thdng tin trén mot cach khoa hoc, hiéu qua va hop 1y tir cap do dia
phuong nhu trén dé co thé thay thé cho quan ly bang vin ban trudc day.

Nghién ctru nay véi muc dich xay dung CSDL GIS vé hién trang khai thac va st dung
NDD phuc vu cong tac quan ly giéng khoan str dung trong noéng nghiép tai cac xa thude
huyén Cau Ngang, tinh Tra Vinh. Bén canh do, viéc quan ly cac giéng khoan bang thong tin
dia Iy GIS mang lai c4i nhin tong quat hon vé tinh trang str dung NDD cho céc co quan quan
1y quy hoach khai thac str dung NDD duoc hiéu qua va bén vimg hon trong tuong lai & ving
nghién ctru.

2. S6 liéu sir dung va phwong phap nghién ciru
2.1. Pia diém nghién ciru

Huyén Cau Ngang & phia Dong Nam ciia tinh Tra Vinh, bén bd song C6 Chién va giap
ctra Cung Hau (Hinh 1), 1a mot trong nhitng ving canh tac mau va nu6i thuy san trong diém
clia tinh Tra Vinh va 1a huyén c6 mat do khai thac giéng khoan phuc vu trong nong nghiép
chiém ti 18 cao. Huyén Cau Ngang, tinh Tra Vinh vé6i chinh sach khuyén khich tham canh
nong nghiép, dac biét 1a thé manh thuac déy cay luong thuc phuc vu cho chién luge an ninh,
an toan luong thyc da tao ap lyc lon dén viéc str dung nudc tuoi tiéu va nguén nude dudi dat
tai day [12].

Vao mua kho, nhu cau sir dung nudc tudi tiéu cho san Xuat nong nghiép va xam nhap
min tang cao nén din dén tinh trang thiéu hut ngudn nudc tudi tram trong do vay tinh trang
khai thac va st dung NDD d1en ra ngdy cang tran lan va lang phi [16]. Theo Phong TN&MT
huyén Cau Ngang (2017) sO luong giéng khoan sir dung NDD ciing nhu bién phap quan ly
viéc khai thac nham bao vé va st dung hop 1y nguon nude dudi dit van chua dugc thong ké
day du [17]. Tai huyén Cau Ngang, x3 My Long Bic, My Long Nam va Long Son la cac xa
c6 dién tich trong mau va mat do khai thic NDD bang giéng khoan 16n tai dia ban huyén va
dugc chon dai dién dé khao sat hién trang cac giéng khoan khai thac nudc dudi dat phuc vu
cho nong nghiép.
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Hinh 1. Khu vyc nghién curu.

2.2. 86 liéu nghién ciru

2.2.1. S6 liéu thir cap

Nghién ctru thu thdp s6 liéu thtr cAp vé cac van ban phép 1y lién quan‘dén viéc khai thac
str dung nudc dudi dat va hoat dong canh tac nong nghiép tai huyén Cau Ngang tinh Tra
Vinh. Céc s0 li¢u phuc vu cho nghién ctru dugc tong hgp nhu Bang 1.

Bang 1. Théng ké céc sb lidu thir cap.

STT Loai s6 liéu Thoi gian Nguén cap
Ban db st dung dé,t 2016
Béo céo su dung dat Phong NN&PTNT Huyén
1 £ DY, , 2016 A
Thong ké vi tri giéng khoan, thyc trang st Cau Ngang
\ o 2013-2017
dung va khai thac
Béo cdo méi trudong hang nam 2012-2016 Phong TN&MT
Béo céo hién trang khai thac va st dung NDD tinh Tra Vinh

2.2.2. S6 liéu so cap

Str dung phuong phap phong van diéu tra dé danh gia va khao sat thuc trang giéng khoan
& dia diém nghién ctru. Noi dung phiéu khao sat tap trung vao céc s lidu vé hién trang khai
thac, sir dung, vi tri toa d6 cac giéng khoan va nhan dinh cua nguoi dan cling nhu can bé dia
phuong v¢€ hién trang st dung nguén tai nguyén nudc dudi dat. Hoat dong thu thap s6 lidu
dugc thyc hién trén 2 nhom ddi twong duoc thé hién ¢ Bang 2, gom:

Phong van chuyén gia: d6i tuong khao sat 13 cac can bo hién cong tac tai phong TN&MT,
phong NN&PTNT huyén Cau Ngang va can bd nong nghiép ¢ cac xa thugc khu vyc nghién
ctru cua huyén Cau Ngang. Thong tin thu thap bao gom: nhan dinh tong quat vé hién trang
khoan giéng khai théc, st dung NDD thuc té tai khu vuc nghién curu. S6 lugng can bd duoc
phong van 1a 08.

Phong Van nong ho: ddi tugng 1a cac ho néng dan c6 kinh nghiém thyc té, da va dang
tham gia trong mau trén dia ban cac xa huyén Cau Ngang. Nghién ctru phong van truc tiép
70 h¢ dan thude 3 xa la My Long Bic, My Long Nam va Long Son thong qua bang cau hoi
duoc soan san vé cac van dé: su syt giam ngudn nude giéng khoan trong qua trinh sir dung,
bién dong vé luong nudce giéng khoan theo mua, muc dich sur dung nguén nudc giéng
khoan,... Cac s liéu sau khi thu thap duogc s& duoc tong hop, xir Iy va phan tich thong ké dé
lam thong tin xdy dung co sé dit lidu vé giéng khoan phuc vu cho cong tac quan 1y tai khu
vuc nghién cuu.
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Bang 2. Théng ké sb phiéu phong van.

A X
STT P:)‘;]'g[‘)‘g Déi twong Dia diém ti?; ‘t‘;:l‘;
Phong vén Chuyén gia, can bd dang cong tac tai Phong Pf]éng TN&MT,

1 chuyén gia TN&MT, Phong NN&PTNT, UBND huyén Phong NN&PTNT 08

Cau Ngang va can by nong nghiép xa Huyén Cau Ngang
xd My Long Béc, My

Phong van Noéng ho dang tham gia san xudt mau trén dia Long Nam va Long

2 N N 5 , A A 70
ndéng ho ban Son ctia huyén Cau

Ngang
3 Téng 78

2.3. Phdn tich s6 liéu

2.3.1. Phuong phap thdng ké mé ta

Céc s6 liéu thtr cip duoc thu thap, téng hop, sip xép va xir Iy bang phén mém Microsoft
Excel v6i cac ham Average Max, Min dé tinh toan va the hién bang két qua dudi dang cac
biéu dd, biéu bang dd thi,... thé hién xu huéng cua cac yéu td.

S6 liéu so cp duogc xur ly bang cac ham Average, Count, Countif, Max, Min dé tinh toan
cac gia tri trung binh cia cac yéu td dugc lya chon nhiéu nhat hay it nhat va thé hién ti 18
phan trim cta cac thong tin thu thap dugc nham hd trg danh gia hién trang khai thac, st dung
NDD tai huyén Cau Ngang.

2.3.2. Xay dung co so dit liéu khong gian va thudc tinh vé hién trang khai thac va sir dung
NDD

Cong cu duge stir dung dé xay dung co so dir liéu 1a phan mém mé& ngudén md QGIS
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3. Két qua va thao luin

3.1. Co s6 dir liéu giéng khoan

Nghién ciru d xay dung duge hé théng co so dir liéu khong gian va thudc tinh cua giéng
khoan tai dia diém khao sat thé hién ¢ Hinh 3. Thong qua co s¢ dir liéu thudc tinh ngudi quan
1y c6 thé thuc hién viéc truy van cac thong tin dir liéu khong gian bang phan mém QGIS. Co
s& dit liéu nay s& hd tro cho cac don vi nha nudc trong viée quan 1y hé thong giéng khoan tai
huyén Cau Ngang, tinh Tra Vinh.

0 QGIS 2.18:12 - RANH XA CAUNGANG - o IEN
Project Edt View Layer Settings Plugns Vectrr Raster Datsbase Web Help
S IRIEN > D @ ®A D0 #
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= > N\ ¥ TR b ¢
T’ m = O B =4 =
)
v “V“‘:"’*‘ - S Identify Results
A ®TE~ 1
= —p e > — R RN
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\ ~ —
Help f{»//
No features at this position found. % Scale 1:250,000 v | Magnifier 150% €3 | Rotation 0.0 3 [VIRender @DEPSGiaess(0TF) @

Hinh 3. Co s¢ dir liéu giéng khoan tai dia diém khao sat.

3.2. Hién trang khai thdac nudc dudi dat tai dia diém nghién curu

Hinh 4 thé hién vi tri giéng khai thac dugc cap phép va dic diém vé hién trang sir dung
giéng khoan tai 3 x3 M§ Long Bac, M§ Long Nam, va Long Son tir cac s liéu thu thap duoc
qua khao sat thyc té va qua trinh xay dung co so dit liéu bang phan mém QGIS. Nghién ctru
da s6 hoa va thé hién chinh xac vi tri cac giéng khai thac NDD tai dia diém nghién ciru. Két
qua cho thay, giéng khai thac chi1 yéu phuc vu cho san xuat nong nghiép. Cu the giéng khoan
khai thac tap trung nhiéu nhat & My Long Bic ké tiép 1a My Long Nam va cudi cung 1a Long
Son. Cac giéng khai thac tap trung nhleu & khu vuc trong mau, da sb giéng & do sdu 80-120
m (tang qp1% %) chiém 72%, d6i v6i giéng co do sau tir 5-8 m chiém 20%, c6 khoang 8% céc
giéng khai thac c6 d6 sau tir 20-80 m va 16n hon 120 m, day 1a 3 ving c¢6 dién tich trong mau
16n tai Cau Ngang [13]. Cay trong chu luc 1a t, lac, bi, dwa hau, ca tim nén nhu cau nudc
tudi 1a rat 1on vao mua kho. Vi thé, day cung la mot trong nhirng nguyén nhan dan dén sy gia
tang khai thac nu6c dudi dat bang giéng khoan [13].

Mit khac, theo két qua phong van cho thay 24% ho déan c6 xu huéng khoan thém giéng
vé6i 1y do khong dit nude tudi, suy giam chat lwong nudce trong nhitng nam gan day dic biét
1a gia ting phén vao mua kho gy kho khin trong canh tic mau, c6 dén 76% ho dan khong
¢6 nhu cau khoan thém giéng nhung da gan thém céc thiét bj hd trg léy nudc (hé théng bom
thity luc voi ap sut cao) va khoan giéng sau hon. Vi viée stra chita (n6i dng sau hon) khong
dam bao ding quy trinh ky thuét, khoan gleng tur phat, co thé gdy ra cac rui ro anh huong xau
dén ngudn NDD trong thoi gian sap t&i vé ca chat  luong va so luong.

Trude thuc trang ndy, trén co sé vi tri cac giéng khai thac duoc thé hién théng qua ban
d6, nha quan 1y co thé biét duoc vi tri cac giéng dang khai thac sir dung hay khong con khai
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thac st dung, giéng c6 dugc cip phép hay khong cap phép, muc dich st dung cua giéng 1a
sinh hoat hay san xuét Tur d6, ho trg nha quan ly dua ra cac bién phap ky thuét quan ly hi¢u
qua, tranh cac quyet dinh sai JAm mang dén cac rui ro khong mong doi can nhiéu thoi gian
dé cai thién, dé dang khoanh ving quan Iy va tiét kiém duoc thoi gian, chi phi cho cong tac
quan 1y cling nhu dé xuat cac giai phap quy hoach ving cho phu hop véi didu kién ngudn
nudc tu nhién tai dia phuong.

B Chu thich
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Hinh 4. Ban d6 thé hién vi tri giéng khoan (A) va két qua thong ké vé ty 1¢ sir dung giéng khoan (B)
tai khu vuc nghién ctu.

3.3. Hién trang su dung nuoc duoi dat tai khu v nghién cuu

Mua mua: Theo nhan dinh cia nguoi dan tai khu vuc va s6 liéu thu thap duogc tur S&
TN&MT huyén Cau Ngang nim 2017, lugng mua trong nhirg nam gan day c6 xu hudng
tang dan. Tuy nhién, theo két qua dugc thé hién ¢ Hinh 5A cho thay, nguédn nude duge su
dung dé tudi cho cay mau va sir dung sinh hoat trong mua mua chu yeu la nguon nude dudi
dat chiém ty 1¢ cao nhét lan luot véi 66% va 71%, ngudn nudc mua chi chiém 29% ngudn
nudc twdi cho cdy mau. Thém vao d6, mac du lugng mua dugc nguoi dan nhan dinh c6 xu
huéng ting nhung viée sir dung ngudn nudc dudi dat van gia tang 1a do anh hudng tir phat
thai cia nha may nhiét dién Duyén Hai Tra Vinh. Hoat dong ciia nha may da gay ra tinh trang
6 nhiém khong khi, hay 6 nhiém ngudn nudc mit do xi than dugc thai ra trong qua trinh hoat
dong nha may dan dén ngudi dan khong st dung ngudn nude mura tir khi nha may di vao hoat
dong. Qua do co thé thdy, mic du vao mua mua lugng nudc mua ddi dao, nhung ngudn nudce
dudi dat van dang duoc str dung nhiéu hon so véi nuéc mua. Vi vdy, c6 thé nhan dinh rang
nudc dudi dat 1a nguon nudc dang dugce khai thac sir dung chi yéu & dia diém nghién ciru.

Tai cac ving canh tac mau phan 16n 1a dat giong cat nén kha nang gitr nude kém, viée
bbc thoat hoi ciing nhu tham 1a rit nhanh ciing chinh vi vay viéc nguoi dan sir dung nuéc
dudi dat dé tudi cho cidy mau vao mua kho 1a rat 16n. Pong thoi, tai khu vuc nghién ctru cdy
mau duogc tréng chu yéu la cay can nhiéu nude nhu: dua hau, bi, dau phong, 6t,... nguoi dan
str dung NDP tudi cho cdy mau chi yéu bang cam quan, tudi tran trén mit dit mot cach lang
phi, nguon nuéc duge sir dung chua hop 1y, khong mang lai hiéu qua. Do do, co thé thay
nude dudi dat 13 ngudn nudce dang dugc khai thac qua muc va 1a ngudn nude cha yéu duoc
str dung nhiéu trong canh tic mau tai khu vure nghién ctru.

Mua khd: ngudn nude duge sir dung cho sinh hoat va canh tic mau chu yéu 1a ngudn
NDD chiém ty 18 1an luot 1a 77% va 97% (Hinh 5B) tai khu vuc nghién ctru. Nguyén nhan la
do khu vyc nghién ctru 13 ving ven bién nén bi anh huéng min va mua kho hang nam. Vao
mua kho, dé tranh xam nhdp mén 14n sdu vao nodi déng cac céng ngan man dugc dong lai dé
giit ngot cho khu vuc hoat dong canh tac néng nghiép. Bén canh dé, cac ngudn nudc thai tir
nhiéu ngudn d6 vao van duoc giir lai phia bén trong ndi dong nén tinh trang 6 nhiém ngudn
nude mit ngay cang nghiém trong hon. Do ngudn nude mat bi thiéu hut va 6 nhiém vao mua
kho6 nén nguén nudc mat chi phuc vu cho hoat dong tudi ti€u cuia nguodi dan cé vi tri ven



Tap chi Khi twong Thiiy vin 2024, 761, 36-45; doi:10.36335/VNJHM.2024(761).36-45 42

song, rach. Trong khi do, nhiing h c6 vi tri ndi dong thiéu nudc tudi ti€u nén nguodi dan lya
chon khai thac nguén nudc dudi dat dé phuc vu canh tac nong nghi¢p trong mua kho.

0,14% A
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Hinh 5. Ban d6 thé hién ty 16 ngudn nudc sir dung cho sinh hoat va san xuét vao mia mua (A) va
mua khoé (B) tai khu vuc nghién ciru.

3.4. Hién trang vé s6 luong giéng khoan va luu lirong khai thac nude dudi dat 6 huyén Cau
Ngang

Theo s6 liéu “Diéu tra, danh gia hién trang khai thac, sir dung tai nguyén NDD trén dia
ban huyén Cau Ngang. Dé xuat bién phap quan 1y, sir dung hiéu qua nguon tai nguyén NDDP
trén dia ban huyén ndm 2017” cua phong Tai nguyén Moi truong huyén Cau Ngang dugc
dua vao phan mém h¢ thong, nghién ciru da xay dung ban d6 phan bd khong gian dé c6 thé
thdng ké hién trang sd luong giéng khoan (Hinh 6A) va luu lugng khai thac nuée dudi dat
(Hinh 6B) cua cac x4 tai huyén Cau Ngang nam 2017.

Két qua cho thay, Long Son 1a xi c0 s0 lugng giéng nhleu nhat huyén (4.008 giéng) phan
16n cac giéng khai thac sir dung chu yéu cho muc dich a an ubng, mot phan nhé phuc vu cho
trong trot nong nghiép. Ciing theo bao cio, nam 2017 sb luong gleng cua toan huyén tang
gan 2,2 1an (khoang 26.481 giéng). Tuy nhién, hau hét cic giéng déu khong duoc cip phép
ctia co quan chuyén mén va da s6 duoc cac don vi, co s¢ tu nhan tién hanh khoan khong theo
cac quy trinh k§y thuat nén c6 thé lam 6 nhiém ngudn nude trong qua trinh khai thac, str dung.
Nguon NDD trén dia ban huyén Cau Ngang khai thac van tran lan mét kiém soat, dang ¢
nguy co sut giam manh, dau hiéu phuc héi cham va kém.

Luu lugng khai thac toan huyén kha cao tir 911-30.676,9 m®/ngay. Trong d6, Long Son
1a x3 ¢6 luu lwong khai thac NDP trong ngdy 16n nhat 30.676,9 m®/ngay so véi nhitng xa con
lai. Bén canh d6, cac xa c6 luu lugng khai thac NDD 16n trong ngay nhu xa My Long Bic
(8.994,3 m*/ngay), xa My Long Nam (13.228,5 m®/ngay).

Nhin chung, hoat dong khai thac va sir dung nudc duoi dat & huyén Cau Ngang phan b
khong dong déu, chu yéu tap chung ¢ vung canh tac rau mau va nu6i thuy san. Két qua thé
hién vé mue d6 khai nude dudi dat nay s& gop phan hd trg cho cac nha quan ly mét hinh anh
tong quan vé hién trang khai thac nudc dudi dat trén dia ban quan Iy dé co thé 1ap ké hoach
kiém soat hoat dong khai thac, canh bao murc d6 khai thac cing nhu dinh huéng quy hoach
khai thac nude nude dudi dat phu hop v6i dinh hudng phat trién san xuat nong nghiép cia
dia phuong trong tuong lai.
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Hinh 6. Hién trang s6 lugng giéng khoan (A) va luu lugng khai thac trung binh (B) tai huyén Cau
Ngang nam 2017.

4. Két ludn

Nghién ctru d4 xay dung duge co s dir lidu khong gian va thudc tinh vé hién trang khai
thac va str dung NDD bang phan mém hé théng thong tin dia Iy QGIS. Tai 3 xi diéu tra khao
sat (My Long Béc My Long Nam, Long Son) 5O luong giéng khai thac dugc cap phép it hon
nhiéu so VoL sd luorng giéng khong phep. Cac giéng khai thac nuéc cho sinh hoat chiém da
phan trong tong sb giéng ciia huyén Cau Ngang, tuy nhién, lugng nude sir dung cho myc dich
san xuat néng nghiép chiém cao nhit. Do sau giéng khoan khai thac nudc dudi dét trung binh
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la tir 80-120 m (tﬁng qp:1%) va luu lugng nude dudi d4t khai thac dang bi syt giam, dac biét
la trong mua kho.

Két qua nghién ctiru gop phan hd trg cho cong tac quan 1y khai thac, sir dung NDP va
phuc vu cho viéc luu trir, truy van thong tin mot cach ti€n loi, nhanh chong. Pay dugc xem
la co so h6 tro cho cong tac quan 1y, chia sé dit li¢u giira cac don vi ban nganh c6 1ién quan
dén nguon tai nguyén NDD.

Két qua nghién ctru 1 co so nén cho viée cap nhét va bd sung cac thong tin vé giéng
khoan tai khu vuc nghién ctru néi chung va huyén Cau Ngang néi riéng cho co quan quan 1y
dia phuong trong tuong lai.

Pong gop cua tac gia: Xay dung y tuong nghién ciru: D.T.N.T., M.P.T.; Xu ly s6 lidu:
H.N.H.T., HM.H., H.V.Q.; Viét ban thao bai bao: L.T.L.; Chinh stra bai bao: B.T.P.T.

Loi cam on: Cac tac gia xin chan thanh cam on sy hop tac cua nhom “Nghién ctru phat trién
cong nghé quan 1y va phén tich dir liéu khong gian dia 1y - GMA” da gitip d& dé thuc hién
bai bao nay.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhom tac gia.
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Application of Geographic Information System (GIS) in
supporting the management and current status assessment of
groundwater use in Cau Ngang district, Tra Vinh province
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Abstract: Groundwater is one of the important resources, especially for the coastal region
of the Vietnamese Mekong Delta (VMD), but the current management of groundwater
resources is still limited due to the lacks of policies, boundaries and exploitation reserves
for each area have not yet been determined. Research on using QGIS software tool
combined with field investigation to build a well database in Cau Ngang district, Tra Vinh
province, contributing to supporting current management and assessment use of
groundwater in future. Research results have built a database of well information in the area
research by geographic information system software (QGIS). The database can be filtered,
updated and shared easily. The results show that the number of wells exploited as well as
the amount of water exploited in the three communes of the district is very large,
concentrated in cash crop areas. The average depth of underground water exploitation wells
is from 80 — 120 m and the flow of underground water exploitation is decreasing according
to people's assessment, especially during the dry season. This results contribute to
supporting the management of exploitation use of groundwater such as serving the
convenient and quick storage, retrieval of information as well as sharing data between
departments, agencies related to groundwater resources.

Keywords: Groundwater; QGIS; Coastal area.


mailto:tuyensotnmtcm@gmail.com
mailto:hmhoang69@gmail.com
mailto:thaob1404348@student.ctu.edu.vn
mailto:hvquoc@nctu.edu.vn

™ ,
TAP CHI i y W) Check for updates
N+ KHI TUQNG THUY VAN

Bai bdo khoa hoc
Panh gia nguy co' va rii ro ngap tai Thanh pho Thua Dic theo
cach tiép can xac suat cia to hop

Lé Song Giang®, Nguyén Hoang Thanh Binh’, Nguyén Ngoc Minh Phu?, Nguyén Thi
Thanh Hoal?**

! Truong Pai hoc Béqh Khoa HCM; Isgiang@hcmut.edu.vn
2 S¢ Xay dung Tp. HO Chi Minh; nnmphu.sxd@tphcm.gov.vn
3 Truong Dai hoc Tai nguyén va Moi truong TP.HCM; ntthoa@hcmunre.edu.vn

*Tac gid lién hé: ntthoa@hcmunre.edu.vn; Tel.: +84-907242510
Ban Bién tap nhan bai: 10/12/2023; Ngay phan bién xong: 30/1/2024; Ngay dang bai:
25/5/2024

Tém tit: Cac do thi nam 0 vung dat thap chiu anh hudng thuy triéu, ngap lut xay ra do sy
két hop cua nhiéu yéu td, bao gdm lwong mua, muc nudce triéu va doi khi 1a dong chay tran
vao tir séng. Bai bao trinh bay mét phuong phap méi trong danh gia nguy co va rui ro ngap
lut tai Tp. Thu Due, d6 1a s dung xac sudt cua to hop luong mua - myc nude (R-H) dé lam
diéu kién bién cho mo hinh hé thong thoat nudc. Tat ca cac yéu td giy ngap thudc nhoém khi
tugng - thily vin trong tinh toan s& dugc dai dién chi bai 2 thong sé: lwong mua trén khu
vye (R) va mye nudc tai cura tiéu thoat cua hé thong thoat nudc (H). Dua trén dit liéu quan
tric, X4c sut xay ra to hop (R-H) s& dugc xdy dung. Dé dam bao d6 tin cay, mo hinh thuy
luc 1a loai tich hop 1D song/kénh -1D cong/dudng - 2D tran. Két hop mé hinh thay Iyc voi
x4c suét to hop (R-H) tao ra phuong phap danh gia linh hoat va toan dién, gitip cung cap
mot cai nhin chi tiét vé tinh trang ngap lut trong cac do thi ving dét thap. Str dung phuong
phap nay nguy co va rii ro ngap lut cho Thanh phd Thu Bic di duoc déanh gia mot cach 16
rang va dang tin cay.

Tir khéa: Nguy co ngap; Xéc suat to hop; Mo hinh thiy lyc tich hop; Thanh phd Thu Dirc.

1. M& dau

Trong bdi canh bién doi khi hau toan cau, ngap lut d6 thi dang tré thanh mot thach thic
ngdy cang nghiém trong, dit ra nhu cau cap bach vé viéc danh gia va quan 1y nguy co ciing
nhu rai ro ngdp lut [1, 2]. Thanh phd Thu Pirc, mot trong nhirg do thi phat trién nhanh chong
tai Viét Nam, khong phai 1a ngoai 1¢ khi phai d6i mit véi nhimg thach thirc ngép lut ngay
cang phuc tap. Dia hinh Thanh phé tuong dbi phirc tap. Phia Bac 1a go d6i voi do cao trung
binh tir 5m dén 25m. Tuy nhién xu6i ve€ phia Nam va phia Téy, dia hinh thap dan [3] va khu
vuc nay thuong xuyen bi ngép mdi khi mua hodc triéu cuong. Theo Trung tam quan ly ha
tang k¥ thuat [4], trong ndm 2023, cac tuyén duong ngap thudng xuyén gom Qubc Huong,
To6 Ngoc Van, bang Thi Ranh, Hb Vian Tu, Kha Van Céan, Duong Van Cam, VO Van Ngan,
Lé Van Viét, Hiép Binh, Quéc Lo 13, Tinh Lo 43, Nguyén Duy Trinh, BS Xuan Hop, La
Xuan Oai v6i d6 ngdp trung binh tir 10-25 cm. Théng tin tir cac phuong tién truyén thong
cho thay tinh hinh ngap con nghiém trong hon. Chi can tran mua vdi lugng mua khoang 30-
50 mm | di khién cac tuyén dudng nay ngap tr 10-40 cm va keo dai tr 1-3 gio [5, 6]. Ca
biét co noi ngap téi 60 cm. Tp. Thu Durc can co nhitng nghién ciru siu sic, da chicu dé xay
dung cac phuong phap hiéu qua trong viéc quan Iy va giam thiéu cac hau qua tiéu cuc cua
ngap lut. Mot trong s6 cac hudng nghién ciru phuc vu muc tiéu d6 1a danh gia nguy co va rii
ro ngap lut cua Tp. Thu Drrc.
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Nguy co ngap lut dugc dinh nghia 1a kha nang xay ra tham hoa & mirc 46 nghi€ém trong
[7] va c6 thé duoc biéu thi dudi dang ham s ciia ca mirc d6 nghiém trong va xac suit ngp
lut. M6 hinh toan thuy luc la céng cu phé bién nhit trong viéc xdy dung ban db nguy co ngap
[8] trong do6 cac diéu kién bién dugc ap dat sao cho ngép lut xdy ra tuong ng voi C4C tan
suat xac dinh. Ddi vé6i Van de rui ro, theo nghién ctru [9] 1a kha néng xay ra t6n that va diéu
nay phu thudc vao ba yeu t: nguy co, tinh d& bi ton thuong va muirc d6 phoi bay. Néu bét ky
yéu t6 ndao trong ba yéu t6 rui ro nay gia tang thi rui ro cling tang [10].

D3 c6 nhiéu nghién ctru vé nguy co ciing nhu rui ro ngap lut d6 thi cta cac tac gia nude
ngoai cting nhu trong nuéc. Mac du ngép do thi la hdu qua cua sy anh huong ddng thoi cua
nhiéu yéu t6 (nhu mura, triéu, 1, nudc dang do bao...) nhung trong da phan cac nghién clru
X4c sudt ngap dugc tinh theo xac suat cta chi mot yéu td dugc chon ra. Chang han [11] chi
Xét xac suat ciia mua. O khia canh khac, cac nghién ciru nhu [10-13] tap trung vao dénh gia
xac sut xay ra lil. Cling di c6 nhitng nd luc dé xay dung ban d6 nguy co va rai ro ngap dudi
tac dong téng hop cua hai yéu to [14-16] nhung lai tdp trung vao luu lugng thuong luu va
muc nude triéu ngoai bién. Mua - yeu t6 quan trong trong ngép lut do thi - khoéng duoc xét
t61. Muc dich cua bai bao nay 1a gioi thiéu mét cach tlep can moi trong thiét 1ap ban d6 nguy
CO' va rui ro ngap |2 str dung xac xudt to hop (R-H). Tét ca cac yéu td gdy ngap lut dugc quy
thanh hai yéu t6 1a mua trén khu vuc (R) va myue nudc tai cira tiéu thoat cua hé thong thoat
nuoc (H). Tur dir liéu quan trac, X4c sut xay ra to hop (R-H) dugc xay dung va duoc str dung
lam diéu kién bién cho mo hinh thuy luc. Xac sut xay ra t6 hop (R-H) duoc xay dung theo
phuong phap duong dang tan suat thyc nghiém cua t6 hop lwong mua - myc nude [17]. M6
hinh thuy Iyc 1a loai tich hop 1D séng/kénh - 1D céng/duong - 2D dong tran trén mat dugc
xdy dung bang phan mém F28 [18]. Ap dung cho Thanh phé Thi Ptic, nguy co va rui ro
ngap lut tai day da dugc danh gia mdt cach rd rang va tin cay.

2. Phuwong phap nghién ciru

2.1. Phurong phdp m6 hinh toan

M0 hinh toan 1a mét cong cu hitu ich trong nghién ctru ngap lut. N6 cho phép thuc hién
cac tinh toan mo phong cac kich ban dé tir d6 co thé rut ra céac s lidu phuc vu cho céc phan
tich. Do tinh da dang cia dong chay, md hinh toan hé théng thoat nudc sé& 1a loai md hinh
tich hop. Phan mém F28 [18] dugc sir dung dé xdy dung méd hinh toan. Cac md hinh con
tham gia trong md hinh tich hgp gdm mé hinh con 1D cho dong chay trong séng/kénh; mo
hinh con 1D cho dong chay trong cong va trén mit dudng; va md hinh con 2D cho dong tran
trén mat dat.

Cac mo hinh con duoc tich hop lai v6i nhau bang céc lién két dé tao thanh mot mé hinh
thong nhat. Cé hai loai lién két duoc sir dung Ia lién két bang siéu nut va lién két bang dong
tran. Siéu nat 1a nat chung ctia mot vai mo hinh con. Thé tich cta siéu nit duoc tao thanh tir
thé tich ciia cac nut tham gia. Muc nudc cua siéu nat dugce tinh toan tir phuong trinh bao toan
khéi luong. Trong khi d6 lién két bang dong tran dugc ap dung dé két ndi mé hinh con 1D
va 2D & bo song va gitra md hinh con 1D-duong va mé hinh con 2D tai 1é duong. Luu luong
tran tir mo hinh 1D va 1D-duong sang md hinh 2D hoac nguoc lai dugc tinh bé‘mg cong thuc
dap tran. Truyén dong luong gitra cac mo hinh con ciing dugc tinh toan dé dam bao d6 chinh
xéac cua mo hinh tong thé. Ban than mo hinh 1D- cong/duong cung 1a mot mo hinh tich hop
gdm 2 mé hinh con 12 mé hinh dong chay mét chiéu trong dng cdng (1Dc) va mo hinh dong
chay 1 chiéu trén dudng (1Dd).

Mo hinh h¢ théng thoat nuéc Tp. Thii Dirc duge thiét 1ap cuc bd trén dia ban Tp. Thu
Duc. Dé giai quyét van dé diéu kién bién, mé hinh Tp. Thu Ptic dugce tich hop vao mé hinh
hé théng séng Sai Gon - Pong Nai (SGPN) [11]. M6 hinh SGPN ciing 1a mdt mé hinh tich
hop 1D-2D, trong d6, cac song rach duge md phong bang mé hinh 1D, con cira sdng Va Cac
ving triing ngap dugc lam mo hinh 2D. Sau khi tich hop, mé hinh thu duoc ¢6 thé xem van
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la m6 hinh SGPN nhung vai khac biét 1a khu vuc Tp. Tha Dtrc dugc lam mo hinh chi tiét.
Viéc tich hop mé hinh Tp. Tha Dirc vao md hinh SGDN dugc tién hanh gidng nhu tich hop
cac mo hinh con voi nhau. Viée ké thira mé hinh SGDN khéng chi giam bét cong sirc nhap
dir liu ludi tinh cua cdc md hinh con ma con giam bdt cong doan hi¢u chinh mé hinh ¢ quy
mo tong thé.

M hinh SGBN sir dung cac bién luu lugng ap dat tai cac nut thuong luu cia mé hinh
con 1D gdm Tri An, Phudc Hoa, Dau Tiéng va Vam C6 Pong, Vam Co Tay theo sb liéu
quan tric va bién myc nudc ap dat trén cac nlt bién bién tir Viing Tau t6i Go Cong dugc tinh
theo quy luat tuong quan vo1 muc nudc tai tai tram Viing Tau.

2.2. Phirong phdp xdy dung xdc xudt t6 hop lwong mua - mwce nueée (R-H)

Néu chi xét cac nguyén nhén tu nhién, ngap 1a két qua tac dong truc tiép ciia 2 yéu td 1a
luong mua trén khu vue va myc nude o cira tiéu thoat. Pbi vai Tp. Thu Pic, luong mua s&
duoc léy theo tram Phudc Long va $6 litu muc nude duoce léy theo tram Phii An. Nhu vay
tan suat xay ra ngap s& chinh 1a tan xuat xuat hién t6 hop (R-H) véi R 13 lugng mua tai tram
Phudc Long va H 1a muc nudce tai tram Phi An. Lugng mua tran tai tram Phudc Long duoc
quan trac trong 15 nim, tir 2009-2023 boi Cty TNHH MTV Thoat nudc d6 thi Tp. HO Chi
Minh. S liéu gé)m luong mua va thoi gian mua. Trong khi d6 myc nude tai tram Phi An
dugc quan tric timg giod. Tir thoi gian xay ra trin mua, muc nudc tai tram Pha An trong thoi
gian xay ra tran mua s€ dugc xac dinh.

Viéc xdy dung cac duong cong dong muc xac suat to hop (R-H) duoc tién hanh theo
phuong phap trinh bay trong tai liéu [17] va dugc xay dung riéng ré cho cac tran mua co thoi
gian mua la 60 phut, 90 phat va 120 phut. Pau tién cac t6 hop (R-H) quan trac dugc dua lén
d6 thi nhu trén Hinh 1a. Sau do khong gian (R-H) dugc chia lugi va so lugng cac t6 hop c6
gia trl vugt ngudng tai cac mat ludi dugc xac dinh. Tir d6 xac suat x4y ra to hop (R-H) vuot
ngudng (R-H) tai cic mat ludi ciing duoc tinh toan. Tir x4c suat xay ra to hop (R-H) vugt
ngudng tai cac mat ludi, bang phép noi suy, ta co thé v& duoc cac dudng cong dang xac suit
(hodc dudng cong dong chu ky lap lai) cua t6 hop (R- H) nhu trén Hinh 1b. Tuy nhién cac
duong cong dang Xac suat vé& truc tiép tir sb liéu quan tric nhu trén s€ khong cho phép ngoai
suy cho cac tan suat hiém véi do tin cdy cao. Vi vay thuc té ham xac suat 1y luan cua to hop
(R-H) s& dugc xac dinh va cac dudng cong dong mirc xac suat s& dugc vé theo ham nay.
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Hinh 1. (a) Céc t6 hop Lwong mua tran tram Phudce Long - myc nude tram Pha An trong 15 ndm;
(b) Buong déng mtic chu ky vuot ngudng cua té6 hop (R-H) tram Phude Long-Phi An.
2.3. Quy trinh xdy dung ban d6 nguy co ngdp va tinh todn rii ro ngdp.

Dénh gia nguy co va rui ro ngap s& duoc thyuc hién theo quy trinh gdm 5 giai doan cing
véi cac bude nhu sau:
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(1): Xay dung cac duong cong dang tan suit cta to hop lwong mua va muc nude (R-H)
cua tram mua va muc nudc dai dién;

(2): Xay dung mo hinh toan hé thdng thoat nudc;

(3): Tinh toan mo hinh dé nhan dugc két qua tinh myc nudc tai tram Phi An trong khoang
thoi gian mot vai ngay;

(4): Xay dung ban dd nguy co ngap lut. Cong viéc nay duoc tién hanh theo cac bude:

- Bude 1: Xét mot chu ky 1ap lai cua td hop (R-H) va xét tran mua c6 thoi gian mwa nao
d6. Trén duong cong dang chu ky 13p lai cia to hop (R-H) twong tng thoi gian cia trin mua
liy 4 diém (R-H) sao cho céc diém nay dai dién cho dudng cong;

- Budc 2: Vi mdi gia tri R da duoc xac dinh tir budce 1, xay dung mo hinh trin mua;

- Budc 3: V6i mdi gia tri H dd dugc xac dinh tir bude 1, xac dinh thoi diém (ngay va
gi0) xdy ra muc nudc nay ¢ tram Phu An.

- Budc 4: Nhap tran mua tinh todn vao mé hinh. Dit thoi diém xay ra mua trung thoi
diém xay ra myc nuéc H di dugc xac dinh & budc 3, thuc hién tinh toan mo phong ngap lut.

- Bude 5: Tir két qua mo phong xac dinh do ngdp sdu nhit tai cac mat cét trén duong
(md6 hinh 1Dc/1Dd) va tai cac nat 2D.

- Buge 6: Thuc hién cac bude 2 dén bude 5 cho 3 to hop (R-H) con lai. Tu két qua tinh
ngap sau nhat trong ting t6 hop, xac dinh d6 ngap 16n nhét trong 4 t6 hop.

- Budc 7: Thuc hién cc bude 2 dén budce 6 cho 2 thoi gian cia mot trdn mua con lai. Tu
két qua tinh ngap sau nhat cua 3 thoi gian mua khac nhau xac dinh d6 ngap 16n nhat. V& phan
bd d6 ngép tinh duge nay ta thu dugc ban d6 nguy co ngap ddi v6i chu ky ngap dang xét.

- Budc 8: Thuc hién cac budc 1 dén bude 7 cho cac chu ky ngap khac. Két qua 1a ta co
dugc cac ban d6 nguy co ngap ddi v6i cac chu ky ngap khac nhau.

(5): Xac dinh rai ro do ngap lut. Thiét hai do ngap lut dugc xac dinh dya trén ban dd
nguy co ngap va ban d6 phan bo cac dbi tuong dé bi ton thuong. Trong nhirng ndm qua da
c6 nhiéu nghién ctru vé rui ro theo nhleu huéng khac nhau, chang han nhu danh gid thong
qua phan tich thiét hai kinh té truc tiép hodc tiép can rui ro vé moi trudng — xa hoi. Bai béao
nay st dung phuong phap danh gia rai ro dinh lugng vé kinh té ciing v6i bo don gia thiét hai
do ngap cho Tp. HCM do Haskoning thiét 1ap [20] dé udc luong chi phi bi thiét hai truc tiép
hiru hinh do ngap. Nhu vay thiét hai do ngép cho timg chu ki 1p lai s& duoc tinh bang cach
nhan dién tich ngap véi gia tri cia ham thiét hai tuong tmg véi timg loai dbi twong ngap va
d0 sau ngap. Thiét hai trung binh hang nam (EAD) dugc tinh toan theo cong thirc [21].

18(1 1
EAD:EZ(f—T—J(D D..) (1)

i=1 i+1

Trong d6 D 1a ton that tuong Gmg voi chu ky lap lai Ti thir i.
3. Két qua va ban luin
3.1. M6 hinh tich hop hé thong thodt nwée Tp. Thii Pirc

Theo phuong phép dugc trinh bay trong muc 2.1, mé hinh hé thdng thoat nuée TP. Thu
Dtrc tich hgp trong m6 hinh song SGPN da duoc xay dung. Ludi tinh cua cdc mo hinh con
1D-sbng/kénh, 1Dc-cong/dudng va 2D khu vuc Tp. Tha Puc duge trinh bay trén Hinh 2.

Céc md hinh con ctia md hinh tich hop SGBN c¢6 céc thong sé nhu sau:

- M6 hinh con 1D: gdm 1114 nhanh véi 968 nut, 9770 mit cit va 8656 doan tinh. Chiéu
dai cac doan tinh khoang tir 41 m dén 636 m trong d6 chiéu dai cac doan ngan nhét 1a ¢ khu
vuc Tp. Thu Duec.

- Mo hinh con 1D¢/1Dd: gdbm 4499 nhanh cdng/ dudng 1D véi 3625 nat, 39150 mit cat
va 34651 doan. Chiéu dai cac doan tinh khoang 30-40 m.

- M6 hinh con 2D: M6 hinh 2D chi phu luéi tinh t61 mép bo song va mép duong. Mo
hinh con nay nay c6 134802 phan tir ttr giac véi 151106 nat. Chiéu dai cac canh phan tir tir
giac twong duong vai kich thude doan tinh cia mo hinh 1D va m6 hinh 1Dc/1Dd.
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Hinh 2. (a) Luéi tinh ctia cAc m6 hinh con 1D va 1Dc¢/1Dd; (b) va cia mé hinh con 2D.

M0 hinh d3 dugc hiéu chinh trude khi sir dung dé dam bao do tin cay cua két qua tinh
toan. Tiéu chi danh gia két qua hiéu chinh 1a su phu hop gitra két qua tinh toan luu lugng va
muc nudce vai sd lidu do dac, dac biét 1a khi 4p dung mé hinh 1D cho song va kénh. Béi véi
mo hinh 1Dc¢/1Dd céng, duong hiéu chinh dugc dinh hinh thong qua thong s6 tir cac su kién
mua xay ra trén khu vuc.

- Hiéu chinh mo hinh 1D s6ng, kénh. M6 hinh da dugc thuc hién theo s6 lidu cua 10 dot
quan tric thuc hién boi cac dé tai, dy an khac nhau. Thong s6 hiéu chinh 13 hé s6 nham cua
m6 hinh 1D song/kénh va hé s6 nham ctia mo hinh 2D viing cira song. Hinh 3 va Hinh 4 gioi
thiéu mot trong s6 cac so sanh két qua tinh toan. Dot quan tric nay dugc thue hién vao thang
3/2015 trén song SGDN [19]. Bang 1 trinh bay két qua dénh gia hidu qua higu chinh mé hinh
thong qua hé sd Nash-Sutcliffe ciing ctia dot quan tric nay.
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Hinh 3. Muc nudc tinh toan va thuc do vao thang 3/2015.

Bang 1. H¢ s6 Nash - Sutcliffe cua két qua tinh lru lwong va muc nudc dot thang 3/2015.

Hé s6 Nash-Sutcliffe  Phi Cwong  Nha Bé PhGAn  CéatL&i  Bién Hoa

Tram Q 0,94 0,93 0,93 0,84 0,71
Tram H 0,98 0,94 0,78 0,87 0,72
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Hinh 4. Luu lugng tinh toan va thuc do [19] vao thang 3/2015.

Hé s6 Nash-Sutcliffe rat cao chimng t6 moé hinh di duoc hiéu chinh rat tét. Két qua hiéu
chinh d4 x4c dinh duoc hé sé nham cta cac nhanh song/kénh 1D & trong khoang tirn = 0,016
t6i n = 0,06 tly nhanh. Déi voi moé hinh 2D, hé s6 nham ciing dugc xac dinh trong khoang
trn = 0,015 t61 0,018 tuy vung.

- Hiéu chinh mé hinh 1Dc¢/1Dd céng, dudng: M6 hinh 1Dc/1Dd di duoc hiéu chinh theo
s6 liéu tham khao tir Cong ty Thoat nudc d6 thi TP. HCM quan trac duoc trong 4 tran mua
xay ra trong cac ngay 02/06/2022; 22/06/2022; 15/8/2022; 06/09/2022. Thong s6 hi¢u chinh
1a h¢ s6 nham cua m6 hinh 1Dc, ciia md hinh 1Dd va hé 5O nham cua m6 hinh 2D cho cac
ving ngap do mua, triéu. Hinh 5 thé hién do ngép trén cic tuyén dudng trong tran mua vio
chiéu 22/6/2022.

Hinh 5. Mirc d¢ ngéap tinh toan trong trin mua chiéu ngay 22/06/2022 (don vi thang mau: mét).

So sanh do ngap giita két qua quan tric va tinh toan tai cac tuyén dudng thudc dai ban
Tp. Tha Btrc dugc trinh bay & Bang 2.

So sanh ngdp tai Bang 2 cho thiy két qua tinh toan bang mé hinh va quan tric kha tuong
d6ng. Tuy nhién, cic gia tri tinh toan vé do ngap ctia mot sb tuyén duong nhu T6 Ngoc Van.
Duong Van Cam c¢6 sy chénh 1é€ch dang ké so véi dit lidu quan tric. Bén canh sai sd cua
phuong phap toan thi mét nguyén nhan khong thé khong noi t6i 1a sai s6 xuét phat tir su sai
1éch vé cao d6 dia hinh cua cac tuyén duong nay gitra m6 hinh voi thuc té. Ngoai ra, c6 mot
nguyén nhén khac nira la gia tri quan trac dugc lay tai mot diém con két qua cua mo h1nh
1Dd la gia tri dai dién tai mat cat. Su khong dong nhat giira hai gia tri c6 thé xuét phat tir yéu
t6 dia hinh cuc b6 tai diém quan tric.

Hiéu chinh da x4c dinh duoc hé sb nham cua céng lan=0,013, cia duong la n = 0,022
va cua cac vung triing ngap 2D la n = 0,2-0,5 tuy khu vye.
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Bang 2. Két qua so sanh ngap trong 1 trin mua chiéu ngay 22/06/2022 tai cic tuyén duong.

Tén dwong Pham vi ngip Do sau ngip (m)

T t,i};();g:la{l;ig T DPén Quan tric  Tinhtodn  Sai s
1 Quéc Huong Lé Vin Mién Puong 65 0,20 0,27 0,07
2 Nguyén Vin Hudng Trudc Hoang Anh Gia Lai 0,20 0,21 0,01
3 T6 Ngoc Van Duong ray xe ltra Pham Vin Dong 0,30 0,64 0,34
4 Pang Thi Ranh Duong Van Cam T6 Ngoc Van 0,20 0,34 0,14
5 Hb Van Tu Kha Van Can Hém 45 0,20 0,28 0,08
6 Kha Van Can Duong Van Cam Buu dién Thi Buc 0,20 0,25 0,05
7 V& Van Ngan Pang Van Bi Chg Thu Buc 0,20 0,37 0,17
8 Duong Vin Cam Hém 17 S6 nha 49 0,20 0,63 0,43
9 Quéc 16 13 Giay Gia Binh Nga 3 Hi¢p Binh 0,10 0,00 -0,1
10 Hié¢p Binh Pudng sb 1 Truong THCS Hi¢p Binh 0,10 0,16 0,06
11 D4 Xuan Hop Truéc UBND P, Phuéc Binh 0,15 0,25 0,1

3.2. Xdc sudt t6 hop (R-H) cuia tram Phude Long

Tt s6 liéu quan tric mua tai tram Phudc Long trong 15 nam (2009-2023) va so liéu quan
trac myc nudc tai tram Phii An twong g v6i thoi gian xay ra mua, tan suat cac to hop luong
mua - muc nudce (R-H) cho 3 thoi doan mua 1a 60 phut, 90 phut, 120 phat da dugc phan tich.
Hinh 6 gi6i thiéu cac dudng cong dong tan suat twong Gmg cac chu ky lap lai 1a 2 ndm, 3 nam,
5 nam va 10 nam cho cac t6 hop nay.

Mua 60 ph J Mura 90 ph 150 Mura 120 ph

T
T e
R, mr _Romm R, mm

Hinh 6. Cac duorng tan suat to hop (R-H) ctia tram Phudc Long cho tran mua c6 thoi gian kéo dai khac nhau.
3.3. Nguy co va rui ro ngdp cua Tp. Thu Puc

Véi mdi mot chu ky ngép s& c6 ba duong cong tuong tng voi 3 thoi gian keo dai tran
mua khac nhau. Trén moi duong cong s& lay ra 4 diém t6 hop (R-H) dé lam diéu kién tinh
toan mo6 phong ngédp. Nhu vay cho moi chu ky ngép sau khi thuc hién tinh toan mo6 phong ta
s& ¢6 12 kich ban ngap. Mirc d6 ngap twong tng vé6i chu ky ngap tai timg diém 1a gia tri 16n
nhét l4y ra tir két qua tinh mo phong cta 12 phuwong an. Mirc d6 ngap sau d6 dugc dua lén
ban dd dé cho thay nguy co ngap & chu ky lip lai twong tng. Hinh 7 gi6i thiéu nguy co ngap
& Tp. Tha Bic v6i cac chu ky ldp lai 2 nam, 3 nam, 5 nam va 10 nam. Két qua mo phong ciia
mo hinh toén s6 cho thdy dién bién ngap phan bd phu hop dic diém dia hinh, dia mao khu
vuc. Duya trén két qua mo phong ngép lut qua 4 chu ky, thy rang cac vi tri ngap trén ban d6
duy tri d6ng nhét qua mdi chu ky voi sy bién .dong chi xay ra dbi v6i gia tri do sdu ngdp va
dién tich ngap. Tp. Thii Dirc chiém khoang gan 50% dién tich cua thanh phd, 1a khu vuc c6
rii ro ngdp lut cao nhat. Trong khu vuc nay, cic doan trung tim thuong gip gia tri do sau
ngip tr 0,5 m dén hon 1,5 m. Pic diém nay dat ra nhu cau quan tam dac biét dbi voi viée
quan 1y ngp lut trong khu vuc d6 thi ndm & ving dat thip. Dién tich ngap (Bang 3) trong
cac khu vuc bi ngép gia ting theo chu ky tir T =2 nim dén T = 10 nam. Cac khu vuc bj ngap
dic trung boi dia hinh thép, triing, dat trong cay hodc ao hd nudi thuy san. Trong thoi gian
mua nudc tap trung tai nhiing khu vye nay géy ra tinh trang ngap ¢ cac khu vyc do thi lan
can. Pong thoi, sy trao nudc nguoc 1én mit duong do mot sé tuyén cong ciing tao ra Cac
“long chao” trlr nude.
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Chu ky 2 nim E \ Chu ky 3 nim

A Chu ky 5 nim

Hinh 7. Phan b nguy co ngp ctia Tp. Thi Pic & cac chu ky.

Béng 3. Dién tich ngdp (ha) theo tung chu ky 1ap lai cua Tp. Thu Puec.

D0 sdu ngap Dién tich ngap (ha)

(m) T =2 nim T =3 nim T =5 nim T =10 nam
>1,50 6,44 9,07 18,15 26,60
>1,00 56,63 78,27 118,70 180,98
>0,50 431,66 503,47 640,55 791,14
>0,25 1288,66 1467,79 1719,37 1995,51
>0,10 2641,81 2897,13 3241,86 3614,38
>0,00 17730,90 17730,90 17730,90 17730,90

Khu vuc phia Péng Bac ctia Tp. Thii Dirc xdy ra ngap lut tir doan duong Nguyén Tri
Phuong qua doan Sudi Cai, dén duong Trudng Pai hoc Kinh té Luat (phuong Linh Xuan,
Tp. Thu Dirc) va Subi Cai doan duong Van Hanh (phuong Linh Trung, Tp. Thu Duc). Do
sdu cua nudc ngdp tang theo chu ky lap lai. Mac du day la khu vue ¢6 dia hinh cao va it chiu
tac dong cua tridu cuong, van ton tai nguy co ngap do thi do dia hinh déc, mat d6 dé thi hoa
cao, rac thai tai doan Sudi Cai, gdy trd ngai cho qua trinh thoat nudc tir ¢ gay ngap. Tinh
toan theo cong thirc (1) da xac dinh dugc hién tai trung binh mdi nim Tp. Thu Buc bi thiét
hai 21.622 ty VND do ngép.

4. Két luan

Nghién ctru da trinh bay mot phuong phap danh gia nguy co va rui ro ngap lut cho Thanh
pho Thu Due, st dung phuong phap t6 hop xéac suat luong mua - myc nude (R-H) dé dat
diéu kién bién cho mé hinh hé théng thoat nude. Phuong phap nay thich hop dbi voi cac d6
thi c6 dia hinh thip va chiu anh huéng cua thiy triéu. Noi d6, ngap lut xuét phat tir sy két
hop ctia mua 16n, triéu cudng va déi khi do dong chay tran tir song. Két qua tinh toan chi ra
cac vi tri c6 nguy co va muc do ngdp lut cao tai Thanh phé Thu e, dac biét 1a khu vuc cho
Tha B, phudng Tam Binh va khu vuc Tang Nhon Phu A. Nhitng két qua nay cung cap
thong tin quan trong dé hiéu rd tinh trang ngap lut tai Tha Duc, hd trg quan 1y d6 thi trong
viéc thuc hi¢n cac bién phap xtr Iy ngap lut mét cach hop ly.
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Maic du so voi cac nghién ctiru khac cung loai, nghién ctru nay da ap dung mdt mo hinh
toan s kha chi tiét cung véi cach tiép can xac suit to hop da bién, két qua nghién ciru van
tén tai nhing sai s6 do su phtrc tap cia bai toan. Trong pham vi cua nghién ctru nay, mot s6
yéu tb anh huong chua co diéu kién dé xem xét day du nhu cac dia vt chin ngang dong chay
2D, hoidc han ché sé luong cac tram do mua dé c6 thé cung cip mdt cach chi tiét phan bd
mua trén mdt khu vuc rong 16n nhu Tp. Thu Drrc. Diéu nay dat ra mot thach thue, va nhom
nghién ctru dang tap trung hoan thién trong cac giai doan nghién ctru tiép theo.

Pong gép cia tac gia: Xay dung ¥ tudng va phuong phap: L.S.G.; Nhap sb liéu xay dung
md hinh: N.H.T.B., N.T.T.H.; Hiéu chinh. kiém dinh mé hinh: N.T.T.H.; Chay md hinh tinh
toan cac phuong an va xir 1y két qua tinh: N.H.T.B.; Viét ban thao bai bao: N.N.M.P.; Chinh
sura bai bao: N.T.T.H.

Loi cam on: Bai bao duoc hoan thanh véi sy hd tro kinh phi ciia Dé tai Nghién ctru khoa
hoc cap Nha nudc, ma sé Dé tai KC-4.0-09/19-25. Nhom gia ciing chan thanh cam on Cong
ty trach nhiém hiru han mét thanh vién Thoét nudc d6 thi TP. H5 Chi Minh da cho phép sir
dung s6 liéu quan tric.

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 bd ¢ dau; khong duoc sao chép tir nhitng nghién ctru trude day;
khong c6 su tranh chap 1oi ich trong nhom tac gia.
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Assessment of flood hazard and risks in Thu Duc city using
probability approach of combination

Giang Song Le?, Binh Thanh Hoang Nguyen?, Nguyen Ngoc Minh Phu?, Hoa Thanh
Thi Nguyen®3*

1 Ho Chi Minh City University of Technology (HCMUT); Isgiang@hcmut.edu.vn
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3 Ho Chi Minh City University of Natural Resources and Environment;
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Abstract: For urban areas situated in low-lying regions affected by tidal influences,
flooding occurs due to the combination of various factors, including rainfall, tidal water
levels, and sometimes the overflow from rivers. This article presents a new approach to
assessment of flood risk in Thu Ptrc City. That is to use the probability of the combination
of rainfall - water level (R-H) as boundary conditions for the drainage system model. All
flood-causing factors belonging to the meteorological and hydrological group in the
calculation will be represented by only two parameters: rainfall in the area (R) and water
level at the outlet of the drainage system (H). Based on monitoring data, the probability of
the combination (R-H) will be built. To ensure reliability, the hydraulic model is an
integrated type of 1D river/canal - 1D sewer/road - 2D overflow. The combination of
hydraulic modeling with a combinatorial probabilistic (R-H) approach has created a flexible
and comprehensive assessment method, capable of providing a complete view of flooding
in lowland urban areas. Using this method. flood hazard and risk for Thu Duc City have
been clearly and reliably assessed.

Keywords: Flood risk; Combination probability; Integrated hydraulic model; Thu Duc City.
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Tém tit: Qua trinh phat trién kinh té - xa hoi cta tinh Binh Thuan da khai thac nguén nudc
mit cung cap cho sinh hoat, san xuat cong nong nghiép, nudi tréng thuy san, du lich. Luu
luong nudce thai tir cae khu dan cu, khu cong nghiép, trang trai chan nudi, xi nghi¢p ché bién
thily san...chwa qua xir 1y, hodc c6 xir Iy nhung chua dat tiéu chuan x4 thai vao céac luu vuc
s6ng chinh tinh Binh Thuan, 1a nguyén nhan 1am cho nudc song bi 6 nhidm. Két qua phan
tich chét luong nude cua 7 luu vye song chinh: (i) song Long Song, (ii) song Luy, (iii) song
Cai Phan Thiét, (iv) song Ca Ty, (v) song Phan, (vi) song Dinh va (vii) song La Nga cho
thay hau hét cac vi tri Idy miu phén tich déu bi 6 nhiém cac chi tiéu NH4*, Fe, DO, BODs,
NO2’, CN-, As,..mic do khac nhau, vuot qua gi6i han quy dinh theo QCVN
08:2023/ BTN MT. Dong thoi, nghién ctru dé xuét cac giai phap tién dé cho muc tiéu phat
trién bén viing ngudn nudc, hoan thién cac cong trinh thuy loi, bdo vé cac ao ho tu
nhién...Lua chon dé xuat cong nghé phu hop, dién hinh cho xir Iy nudc thai tir cac hoat
dong kinh t& khac nhau. Nudc sau xir Iy dat QCVN 08:2023/BTNMT cho timg loai hinh
nudc thai, gop phan bao vé va phat trién ngudn nude cac song chinh tinh Binh Thuén.

Tur khoa: Cong ngh¢ phu hop xur ly nude thai; Khai thac sir dung nude mat; Luu vyc song
chinh Binh Thuan; Phat trién nguon nuéc; O nhiém nudc mit.

1. Mé dau

Tinh Binh Thudn c¢6 88 luu vue song [1, 2], trong do, ¢6 7 luu vuc séng chinh gdm: séng
Long Song, song Luy, song Cai Phan Thiét, song Ca Ty, song Phan, song Dinh va song La
Nga, voi tong dién tich luu vyc khoang trén 5000 km? (Hinh 1). Cac séng c6 dic diém chung
1a ngan, ddc, mat 46 mang ludi thua thot. Tai nguyén nudc mat, theo “Quy hoach phat trién
thuy loi tinh Binh Thuan giai doan 2011-2020 tam nhin 20307, téng lugng nude tai chd trén
cac luu vuc song chinh trong tinh hién vao khoang 4.439,9 triéu m*/nam, phan bd theo céc
luu vuc: sdng Long Song (72,85 triéu m®/nam), song Lity (232,8 triéu m®nam), song Cai
Phan Thiét (433,84 triéu m®/nam), sdng Ca Ty (348,78 triéu m®nam), sdng Phan (157,14
triéu m/nam), séng Dinh (245,8 triéu m3/nam) va song La Nga (1948,7 triéu m®/nam) [3, 4].
Ngoai ra, tinh Binh Thudn dé va dang trién khai mot sO du an chuyen nudc gitra cac luu vuc
song, nham dap tmg ngudn nude cho muc tiéu phat trién kinh té - x4 hoi cua tinh. Hién nay,
viéc bdo v¢ tai nguyén nudc trén dia ban tinh Binh Thuan dang tirng budc dugc chu trong,
tuy nhién, viéc thyc hién cac cong tac bao v¢ tai nguyén nude con han ché va chua dap ung
dung véi tinh hinh thuce té, tinh trang 6 nhiém, suy thoai, can kiét nguon nuoce van chua duoc
duogc kiém soat chit ché. Theo Luat Tai nguyén nudc 2023: Phat trién ngudn nude 1a bién
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phap nham nang cao kha ning giit nudc, tich trit nudc, dan nudc, chuyén nude, khai thac, sir
dung bén vitng va nang cao gia trj tai nguyén nudc [5, 6].

Xt 1y nudc thai dat tiéu chuan trude khi X vao nguon tiép nhan 14 can thiét va bit budc.
Theo do, cong nghé xur ly nude thai phu hop, t61 wu c6 tac dung thuc day viéc cai thién chat
luong nude, giip giam thiéu t6i da ham luong cac chat doc hai thai ra méi truong nudc mit
dé co thé tai st dung va khong gay 6 nhiém. Céc coéng doan cta cac hé thdng xir Iy nude thai
pho bién nhét hién nay bao gom. Diéu luu va trung hoa; Keo ty, tao bong can va Kkét tha;
Tuyén ndi; X Iy sinh hoc hiéu khi; Léng, Xtr Iy bac cao (Hap phy, trao ddi ion, loc mang...).
[7, 8]. Su phat trién cua khu vuc ludn dién ra di kém véi hoat dong ting truong kinh té, gia
tang dan s6 va sy do thi hoa, ma hau qua tuong ng la: Sy gia tang nhu cau vé nang luong,
khai thac tai nguyén, nhan lyc, co s ha tang; Su gia ting khong dong deu vé kinh té, thu
nhép, trinh d§ van hda, khoa hoc. Song song vdi qua trinh phat trién kinh té xa hoi, cac luu
vuc song chinh da va dang chiu strc ép vé nhiéu mit. Do vay, dé phat trién ngudn nudc bén
virng doi hoi phai nghién ctru toan bd cac luu vyce song chinh tinh Binh Thuén [9, 10].

Nghién ciru nay s€ cung cap céac thong tin dir liéu can thiét 1a co s¢ khoa hoc gop phan
quy hoach cac nguén thai d6 vao cac luu vuc song trén dia ban tinh Binh Thuan mot cach
hop ly, dé ra nhirng bién phap can thi¢p, xur ly dé tranh su qua tai caa cac dong sdng - nguyén
nhan co ban dan dén 6 nhiém moi trudng nudc cac luu vuc song tinh Binh Thuan. Bén canh
d6, can thiét phai c6 hé thong xtr 1y nudc thai cac ngudn phat sinh tir khu dan cu, khu vuc
san xuét trén toan luu vyuc va dé xuat nhitng cong nghé xir Iy pht hop cho timg muc dich st
dung, ddc biét la phai tuan hoan tai st dung phuc vu cho muc dich phat trién kinh té xa hoi.
Két qua nghién ctru la co s6 dé dua ra cac giai phap cong ngh¢ xu Iy nuoc thai nham bao vé,
phat trién ngudn nude trong khu vuc theo hudng phat trién bén ving.

2. Phuwong phap nghién ciru

2.1. Vi tri cdc luu viee song chinh thudc tinh Binh Thudn

3
P !
-\ ~ -
= W S \ w .
h¥ | \\ N

Suntin: 1 s ~ 5 .
LAM DONG ? \’\ 4 e | I NINH THUAN
0 Pl 4 j L P
{ /"“ 5 o nyona

BA RIA- VONG TAU

Hinh 1. Ban dd lwu vic song chinh tinh Binh Thuan [1].

2.2. Khao sat, diéu tra, thu thap thong tin dir liéu vé khai théc sir dung nuoc, hoat dong
kinh té - xa hoi, chat thai tw dat lién

Tién hanh diéu tra, thu thap thong tin dir liéu vé tinh hinh khai thac str dung nuéc cac
luu vuc song, hoat dong kinh t€ xa hoi, nudce thai tir dat lien thong qua cac tai liéu lién quan
dén vung nghién ctru tai tinh Binh Thudn; Cac tai liéu, tu li€u, két qua dicu tra cua nghién
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ctru dugc phén tich va téng hop cac thong tin can thiét 1ién quan dén hoat dong san xuét, kinh
doanh, dich vu c6 phat sinh nudc thai, dé c6 co sé danh gia mac do 6 nhiém, kha nang ti€p
nhén nudc thai tir cac hoat dong xa thai.

2.3. Phwong phdp ldy mdu va bdo qudn mau

Mau nuéc mit duge 1y theo TCVN 6663-6:2018 “Hudng din 14y mau nudc sdng va
sudi”. Str dung céac binh polyetylen, polypropylene hoic polycacbonat 1000 ml dé 1y mAu,
khi 14y mau dé phan tich vi sinh vat str dung cac binh thity tinh c6 mau tdi da khi tring, mdi
binh 1ay khoang 250 ml. MAu nuéc sau khi 14y, bao quan va luu gitt theo TCVN 6663-6:2018
[11].

2.4. Phirong phdp phdn tich cdc chi tiéu chdt hrong nuée

Nghién ctru tién hanh phan tich cac chi tiéu: pH, NO3, NO2, NH4*, sit tong, DO, TSS,
BODs, As, CN’, P-PO4. Phuong phdp phan tich cac chi tiéu dugc thuc hién dua theo hudng
dan quy dinh tai Thong tu 10/2021/TT-BTNMT [12—13]; so sanh két qua phén tich chat
lugng nude voi QCVN 08:2023/BTNMT [14], QCVN 40:2021/BTNMT [15], QCVN
28:2010/BTNMT [16], QCVN 14:2015/BTNMT [17], QCVN 11:2015/BTNMT [18],
QCVN 62:2021/BTNMT [19]. Cac mau nudc duge phan tich tai Phong phan tich thi nghiém
Nation Lab (VLAT 1-1.0517; ISO/IEC 17025.2017).

2.5. Phirong phdp phdn tich thong ké

Thu thap, ké thtra c6 chon loc céc tai li€u, tu liu va két qua cua cac cong trinh nghién
clru trong nude va quoc té lién quan dén cac ndi dung nghién ctru.

3. Két qua nghién ctru va thiao luin

3.1. Khai théc sir dung nguon nwée cdc heu vee sdng chinh tinh Binh Thudn

Két qua khao sat, diéu tra, thong ké hién trang khai thac, sur dung nudce va xa nude thai
vao ngudn nudc trén dia ban tinh Binh Thudn dén nam 2023 cho thay c6 121.903 cong trinh
khai thac sir dung nudc gdm: 9.757 cong trinh khai thac sir dung nudc mat voi luu luong
nude mat 13 6.146.589 m*/ngay (chiém 8%); 112.146 cong trinh khai thac sir dung nudc dudi
dat (chiém 92%). Tong luu lugng nude khai thac trén toan tinh khoang 6,274 triéu m®/ngay,
trong d6: luu lugng nude dudi dat 118 nghin m®ngay (chiém 2%); luu lugng nudc mua,
nudc mat khoang 6,154 triéu m®/ngay (chiém 98%) [20]. Cac muc dich chinh sir dung nudce
bao gdm: nude cho sinh hoat, phuc vu san xuat nong nghiép, san xudt cong nghiép, nuoi
trong thuy san véi s6 luong cong trinh va luu lwong khai thac nhu Bang 1.

Bang 1. S6 cong trinh va luu lwong khai thac sir dung nude trén dia ban tinh Binh Thuan.

A A Téng luu Ngudn nwéc mit
S cong lwgng khai S6 co Luul
STT Muc dich sir dung nuée trinh ng >0 cong uu fuong
e thac trinh khai khai thac
khai thac P h !
(m°/ngay) thac (m3ngay)
1 Cép cho sinh hoat 106.892 106.869 7.735 42.274
2 Phuc vu san xuit nong nghiép 7.455 6.120.000 264 6.095.000
3 Phuc vu san xuit cong nghiép 1.397 21.606 224 3.457
4 Nubi trong thuy san 295 6.400 53 1.149
5 Nuéc cap cho du lich, dich vu 497 8.897 161 1.860
6 Nudc cép cho dich vu khac 5.367 10.469 1.320 2.849

Tong 121.903 6.274.241 9.757 6.146.589
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Téng luu lugng khai thac khoang 106.869 m®/ngay, trong d6 st dung nudce cho sinh hoat
d6 thi chu yéu tir ngudn nude mit (khoang 70%). C6 32,7 nghin cdng trinh khai thac nudc
cho sinh hoat d6 thi, tong lwu lugng khai thac khoang 61 nghin m®/ngay. Khai thac nuéc phuc
vu san xuit néng nghiép, toan tinh c6 khoang 7.455 cong trinh khai thac, trong d6 nuwdc mat
¢ 264 cdng trinh, voi luu lwong khai thac 6,095 triéu m®/ngay, chiém 99,6% tong luong
nudc khai thac cho nong nghiép. Nhin chung, nudc tudi cho nong nghiép chu yéu duoc khai
thac tur ngudn nudc mat thong qua cac hé thong thuy loi. Nudc dudi dat chi chiém mot phan
rat nho, chil yéu dung dé cung cip nude tudi mot vai loai cdy nhu Thanh Long, tao va rau
mau khu vyc phan tan.

Toan tinh c6 khoang 1.397 cong trinh khai thac nude cho san xudt cong nghiép (224
cong trinh khai thac nude mat (16%) va 1.173 cong trinh khai thac nude dudi dat (84%) téng
50 cong trinh). S6 co s cong nghiép tap trung chu yéu vio cong nghiép ché bién, chiém toi
93,6% s0 co ¢ (trong d6 nganh ché bién nong - 1am - hai san chiém 51%). Khai thac nudgce
phuc vu san xuit cong nghiép trén dia ban tinh chu yéu duoc lay tir nguon nude dudi dat.
Luong nude khai thac, sir dung tong cong khoang 21.606 m3/ngay, tuong duong voi khoang
7,7 triéu m®/nam (trong d6: tai cac co so san xuat phan tan khoang 7,1 triéu m®/nam (96,6%);
tai cac khu cong nghiép khoang 0,2 triéu m®nim (3, 3%); cac lang nghé khoang 396 m®niam
(0,1%). Dbi v6i hoat dong khai thac nude cho nudi trong thuy san: c6 53 cong trinh khai théac
nudc mit va 242 cong trinh khai thac nudc dudi dat. Tong lugng nudc khai thac dat khoang
6,4 nghin m®/ngay.

Nudc sir dung trong du lich, dich vy vé6i tong luu luong khai thac khoang 8.897m®/ngay.
Trong d6, c6 161 cong trinh sir dung ngudn nude mit véi luu lwong khoang 1.860 m®/ngay,
con lai d6i véi dich vu khac, toan tinh c6 khoang 5.367 cong trinh khai thac ngudén nudc véi
tong luu lugng khai thac khoang 10.469 m¥/ngay, trong d6 c6 1320 cong trinh sir dung ngudn
nude mat voi luu lugng khoang 2.849 m3/ngay. Luu luong khai thac 16n nhat ¢ huyén Bic
Binh, Buc Linh va Tuy Phong [21].

Luu luong khai thac nude mat (m3/ngay)
7000000 6095000
6000000
5000000
4000000
3000000
2000000
1000000 42974
. 4z2ma 3457 1149 1§§ 2849
Cép cho sinh Phup vu san Phug vusan  Nuditrdng Nudc cdp cho Nude cip cho
hoat xuat nong xuat cong thuy san du lich, dich  dich vu khéac
nghiép nghiép vu

Hinh 2. Luu lugng khai thac nu6ge mat ing vGi cac muc dich st dung.

3.2. Nguoén phdt sinh nude thdi tc déng dén chat lwong nwde cdce séng chinh tinh Binh Thudn
Cac nguén phat sinh nudc thai trén cac luu vuc song tir cac KCN/CCN tap trung, cac co

sO cong nghiép nam phan tdn nhu chan nuoi tap trung; nuoi trong san; san xuat tiéu thu cong

nghiép va mot so loai hinh san xuat cong nghié€p khac; khu du lich, va bénh vién (Bang 2).
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Bing 2. Ngudn phat sinh nudc thai 6 vao cac luu vue song.

Luu vuc

Nguon phat sinh nuée thai

Sdéng Long Séng

Séng Liy

S6ng Cai Phan Thiét

Séng Ca Ty

Séng Phan

Soéng Dinh

Soéng La Nga

Nguon nudc thai tir Cong ty du lich; Cong ty may mic, va bénh vién tap trung
tai Thi tran Lién Huong, xa Phu Lac, xa Binh Thanh.

Tir co s¢ san xuat bun); Cac hoat dong san xuat cong nghiép: san xuat ché bién
hat dua, san xuat tinh bdt mi, vat liéu xay dung (gach men Ceramic), san xuat
bao bi gidy, ché bién thily san va bénh vién.

Hoat dong chu yéu la cac trang trai chin nudi heo; Cac co s san xuét tiéu thu
céng nghiép: ché bién ca com, san xuat bun, banh phé; Cac co s& ché bién thuy
san; Hoat dong cia KCN Phan Thict, CCN Phu Hai; Dich vu du lich TP. Phan
Thiét va cac bénh vién 16n.

Hoat dong la cac trang trai chan nudi heo; San xuit cong nghiép: Cap thoat nudc,
XU 1y nude thai, gidt ui; Khu cong nghi€p: Ham Kiém, cang ca Phan Thiét; Dich
vu du lich, khach san va bénh vién.

Céc co so san xudt tiéu thu cong nghiép, ché bién Ca com va san xuit bun; Hoat
dong nudi trong thuay san: Cac co s¢ cong nghiép nam phéan tan véi hoat dong
ché bién n6ng san (ché bién tinh bot san); Hoat déng dich vu du lich; bénh vién.
Luu vye séng C6 Kiéu (song Dinh), Nudc thai sinh hoat trén luu vuc déu chua
duogc thu gom va xur 1y tap trung, nudce thai chira trong bé ty hoai cho tham dat,
thai truc tip ra sdng hodc d€ chay tran theo dia hinh tu nhién xuong céc khu
vuc triing thap xung quanh.

Luu vuce sudi Cau Gia (song La Nga), Trén luu vuc chua ¢6 hé théng thu gom
va nha may XLNT sinh hoat tép trung. Nudc thai sinh hoat ¢ khu vuc nay chu
yéu xir Iy thong qua bé ty hoai, tw thdm, xa tran ra dat hodc xa tryc tiép ra sudi.

3.3. Hién trang chdt lwong nuoc tai cac luu vuc song tinh Binh Thudn

Chat lwong nudc mat tai cac luu vuc séng chinh tinh Binh Thuan c¢é dién bién gia ting
0 nhiém & nhiéu khu vyc trén cac h¢ thong song, dac biét 1a trong mua kho ¢ nhiing doan
song chay qua cac khu d6 thi, khu cong nghiép, khu vuc tap trung dan cu [22].

Bang 3. Chét lugng nude mat & mot s6 luu vue song thude tinh Binh Thuan [1].

L Théng s6 hoa ly
STT Vi trilay mau Séng —
pH NOs NO2 NHs* POs* Sattong DOBODs Al As CN-

1 CauPuong St LengSéng 7,2 0,2 0,10 0,165 0,89 1,0 6 339 0,06 0,38 0,006
2 H6 Long Séng Long Séng 7,3 0,2 0,098 0,148 0,52 1,42 6,6 3,28 0,06 0,42 0,009
3 Céu sbéng Luy Luy 76 0,75 0,007 0,241 063 0,71 5258 0,05 0,23 0,009
4 Hb Ca Giay CaGiay 80 042 05 036 022 034 4278 0,05 0,19 0,009
5 CiuPhu Long  Cai Phan Thiét 7,7 0,45 0,006 0,32 0,46 0,62 4568 0,04 0,276 0,007
6 Tx. Phan Thiét CaTy 76 056 0,008 03 057 0,52 4955 0,05 0,167 0,008
7 Hb séng Quao SéngQuao 7,5 1,04 092 065 0,22 0,23 3698 0,04 033 0,009
8 Céu séng Phan SéngPhan 7,9 0,68 0,008 0,72 0,63 0,52 56 48 0,05 0,18 0,008
9 Céu LaGi Séng Dinh 75 0,65 0,007 0,46 058 0,52 56 48 0,04 029 0,007
10 TaPao La Nga 71 128 0,08 0,325 0,533 1,77 6,13 0,04 0,24 0,005
11  GiaAn SubiCac 6,7 14 0,09 0348 074 0,75 5738 0,05 0,19 0,008

Két qua duoc so sanh véi QCVN 08:2023/BTNMT

Két qua & bang 3 cho thdy hau hét cac vi tri lay mau phan tich déu bi 6 nhiém cac chi
tiéu dién hinh nhu NHs*, NO2", BODs, As ¢ cac mitc dd khac nhau, dac biét ham luwgng Asen
trong nudc cua tat ca cac song déu vuot qua ti€u chuan cho phép nhicu lan.
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Hinh 3. Két qua phan tich cac chi tiéu chit lvong nudc & cac vi tri 14y mau phan tich (a) chi tiéu
NH.* (b) chi tiéu NO2', (¢) chi tiéu BODs, (d) chi tiéu As.

3.4. Pé xudt gidi phdp tién dé cho muc tiéu phat trién bén viing nguon nwéc cdc lieu viee séng
chinh tinh Binh Thudn

Phat trién ngudn nudc bén viing hudng téi phét trién bén viing tai nguyén nudc, nang
cao kha nang khai thac va gia tri ctia tai nguyén nudc. Nghién ciru khai thac cac ao hd, bao
vé hanh lang ngudn nude va dé xuat cong nghé trinh xtr Iy nudc thai, véi cac cong nghé dé
xuat xtr 1y tuan hoan nudc cho nuéc thai sinh hoat, nudc thai cong nghiép, nude thai ché bién
thily san, nudc thai trong cdc nha hang khach san hoat dong du lich,...va dem lai hiéu qua
Cao.

3.4.1. Giai phép tién dé khai thac ngudn nudc tir cac cong trinh thuy loi, hd chta

Ho chira thily loi va cac hd chita nuéc khac gém hé ty nhién, nhan tao & cac d thi, khu
dan cu tap trung; Cac ho, ao 16n c6 chirc nang diéu hoa & cac khu vuc khéac; song, kénh, rach
la nguon cap nudc, truc tidu nudc hodc ¢ tim quan trong d6i voi cac hoat dong phat trién
kinh té - x4 hoi va bao vé moi truong.

Hién dai hoa hé théng cong trinh thay loi hién co, lép dat hé théng quan tric du bao
ngudn nude tai hd chira, hé thong van hanh, giam sat tu dong SCADA, hé thdng quan tric
muc nu:('yc, luu lugng, chét luong nude trén kénh. DPAu tu hd chira La Nga 3 voi dung tich 476
triéu m, ning luc tudi 77.000 ha, trong d6 Binh Thuén 60.000 ha cung voi hé thdng kénh
chuyen nude két ndi ngudn nudc giita cac hd chira (Kénh chuyén nudc phia Nam tinh, kénh
chuyen nudc Ham Tén - La Gi, Kénh tiép nudc Ka Pét - Song Mong) dé dam bao phat huy
hét nguon nude thuy dién cap nudc khu vuc phia Nam, cha dong ung pho voi bién d6i khi
hau. - Pau tu cac hd chira Tan Lé (Tuy Phong); hd Ca Tét (Bac Binh); hd Song Tom va ho
Song Giéng (Ham Tén) va cac tram bom Hong Liém, tram bom khu tuéi Béc 'Song Quao
(Ham Thuan Bac), tram bom vuot cap xa Mé Pu (Puc Linh), tram bom vuot cap trén kénh
chinh Bic, h¢ thong thuy loi Ta Pao (Tanh Linh). Hoan chinh h¢ théng kénh cc khu tudi
nhu: (i) hé thong kénh nhanh hd Séng Dinh 3, hé théng kénh hd Séng Lity; (ii) cac kénh
chuyén nudc ndi mang tiép nuéc Ca Gidy - Cay Ca, kénh tiép nudc Séng Mong - Pu Pu -
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Tan Lap - Ta Mon, kénh tiép nu6e Bién Lac (Ham ‘Tan), kénh chuyen nuée hd Soéng Dinh 3
- hd Ni Pit... - Pau tu méi cac hé théng kénh ndi mang chuyén nude kénh Pu Bu - Tan
Thanh (Ham Thuan Nam), kénh Ku K& - Ham Hiép (Ham Thuan Bic) bang giai phap duong
dng dé han ché that thoat nude va dam bao chat luong nudc phuc vu sinh hoat.

Xac dinh pham vi hanh lang bao v¢ cua timg ngudn nudc va xdy dung ban d6 khoanh
vung hanh lang bao vé ngudn nudc; Xay dung va cong bdé danh muc cac ngudn nude phai
1ap hanh lang bao vé trén dia ban. Lap danh muc cac nguén nuéc bi 6 nhiém, suy thoai, can
kiét va dé xuat giai phap xur 1y, khoi phuc.

3.4.2. Giai phap xt Iy nudc thai sinh hoat, nha hang khach san trén cac luu vuc song

Theo Béo c4o hién trang méi trudng Qudc gia nim 2016-2020 ciia B6 TN&MT, tinh
dén nam 2020, tong s6 787 d6 thi trén ca nude chi cd 42 d6 thi c6 cong trinh xir Iy nudc thai
dat tiéu chuan quy dinh, chiém ty 1& 5,3% [11]. Nghién ciru danh gia vé tinh trang xr Iy nudc
thai sinh hoat tai cac do thi Viét Nam ctia World Bank ciing cho thay: mic du 60% ho gia
dinh Viét Nam dau ndi xa nudc thai vao hé thong thoat nudc cong cong nhung hau hét nude
thai duoc xa thang ra hé thong tiéu thoat nudc bé mit va chi khoang 10% nudc thai do thi &
Viét Nam duoc xur ly trong céc nha may tap trung [11-13].

Nghién ctru di dua ra cac s6 liéu minh chimg ngudn gay 6 nhlem nudc mat trén cac luu
vuc song chinh tinh Binh Thudn do nudc thai tir cac hoat dong kinh té x4 hoi gy ra. Luu vuc
song Long Song, nudc thai sinh hoat phat sinh chu yéu ¢ khu vuc xi Pha Lac, xa Phong Phu
va nhiéu nhét 13 thi tran Lién Huong huyén Tuy Phong. Nudc thai dugc dua vao bé ty hoai
hoic theo hé théng cong chung cua thj tran thai ra song. Luu vyc song Ly, nude thai sinh
hoat phat sinh tir thi trin Luong Son, thi trdin Cho Lau, thi trdn Phan Ri Thanh va thi tran
Phan Ri Ctra. Phan 16n nudc thai khong duoc xur 1y theo cac tuyén cong chinh thai truc tiép
ra cac song, sudi hodc cho tham dat. Két qua phan tich so voi QCVN 14:2015/BTNMT, cac
thong sd TSS c¢6 gia tri vugt quy chuan gip 1,56 1an, BODs vuot 3,5 1an, Amoni vuot 1,45
1an va coliform vuot 420 lan.

Luu vuc song Ca Ty Cong tac dau tu xay dung, cai tao hé thong thu gom, xur Iy nudc
thai sinh hoat da duoc chinh quyén dia phuong quan tam, tuy nhién sy dau tu cai tao thiéu
ddng bo trén toan luu vuc, cac phuong Pic Long, Ptc Thing, Pirc Nghia, Lac Dao, Binh
Hung, Hung Long, Phua Trinh, Phu Thuy, Pha Tai trén dia ban TP. Phan Thiét. LAy mau nudc
thai sinh hoat tai vi tri cdng xa nuéc gan Khach san Ca Ty (X=1209370; Y=183165); Nudc
thai trudc khi d6 ra song Ca Ty co cac chi tiéu TSS, BODs, Anomi va Coliform vuot QCVN
14:2015/BTNMT, ¢t B. TSS vuot 2,05 lan, BODs vuot 3,12 lan; Amoni vuot 1an 1,36 va
Coliform vuot 1.900 lan. Luu vyuc séng Phan chua c6 hé théng thu gom va nha may xir 1y
nudc thai sinh hoat tap trung.

Luu vyuc song Phan, cac co s& nha hang, khach san trén luu vyc tap trung chii yéu ¢ xa
Tan Thuan, x4 Tan Lap, thi trdn Thuan Nam thudc huyén Ham Thuin Nam. Qua diéu tra 04
co s& chi ¢6 02 co sé ¢6 hé thdng xir Iy nudc thai sir dung cong nghé MBBR (Moving Bed
Biofilm Reactor) trong d6, str dung cac vét 1am gia thé cho vi sinh dinh bam vao dé sinh
truong va phat trién, 1a sy két hop giita Aerotank truyén thong va loc sinh hoc hiéu khi. Hién
hé thdng xir Iy ciia 02 co s¢ dang van hanh tt. Hai co s khong c6 hé thong xir Iy, nudc thai
phat sinh trong qua trinh san xuat duoc dua vao bé ty hoai sau d6 cho thdm dat trong khuon
vién ctia cac co s¢ hodc trir nudc trong hd chira dé tudi cay.

Luu vuc song Cai Phan Thiét, & khu vuc ngoai thanh TP. Phan Thiét va huyén Ham
Thuan Bic nudc thai chua ¢ hé théng thu gom. Cac phudng thudc ndi thanh TP. Phan Thiét
gém Binh Hung, Hung Long, Phu Trinh, Pht Thay, Pha Tai, Thanh Hai, Xuan An da c6 h¢
thong thoat nudc va thu gom nudc thai sinh hoat vé hé thdng xu 1y tap trung. Nudc thai sinh
hoat TP. Phan Thiét dugc xtr 1y voi cong sudt 5.000 m*/ngdy. dém. Nghién ctru dé xuit cong
nghé theo hinh 4, nudc thai sau xt Iy tai tram xur Iy nudc thai TP. Phan Thiét (X=1238277;
Y=238204). Cho két qua dat QCVN 14:2015/BTNMT.
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CHU GIAI

Puwong nuéc
Duong bun
— Preomg héa chdt
DPuong bun tuan hoan
— — - Puong nuwéc tuan hoan
TK1 — Ham bom
TK2 — Bé diéu hoa
TK3 — Bé Sinh hoc hiéu khi
TK4 — Ldang 2
TKS5 — Bé phét tir tham
TK6 — Bé chita bin
TK7 — Bé nén
TKS8 — Bé ép bun
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TK6

N (P ——

Hinh 4. So db cong nghé xir Iy nudce thai sinh hoat va nuéc thai nha hang khach san.

3.4.3. Giai phéap xur ly nudc thai cong nghiép

Nudc thai cong nghiép va nude thai lang nghé thi cong mdi ngay c6 hang ngan mét khoi
khong qua xir 1y, xa thang ra cac luu vuc song. Cac khu cong nghiép, cum cong nghiép, tinh
trang 6 nhiém ciing co thé thiy rd rét nhu & cac thanh phd 16n Ha No6i va Thanh phd H6 Chi
Minh. O nhiém ngudn nude chinh 1a mit trai ciia qué trinh cong nghiép héa, hién dai hoa, co

so ha tang chua dong bo, lac hiu, nhan
thirc cia doanh nghiép va nguoi dan vé
moi truong chua cao. Pac biét, cac nha
may, xi nghiép van chua cé bién phap
ung dung cong nghé xur ly nudc thai
phu hop dé giam thiéu tinh trang dang
bao dong nay.

Luu vyc cac song chinh tinh Binh
Thuan khong ngoai 1¢; séng Cai Phan
Thiét nudc thai phat sinh tir cac co o,
nha mdy tai khu cong nghiép Phan
Thiét déu c6 hop dong dich vu xur ly
nudce thai voi cong ty ¢d phan vat lidu
xdy dung va khoang san Binh Thuan vé
viéc ddu ndi nudc thai vé tram xir Iy
nudc thai tdp trung cua khu céng
nghiép. Nudc thai tir nha v¢ sinh dugc
dan vé ham ty hoai ba ngin dé xu 1y so
bo sau d6 xa vé hd nudce tai mdi co &
dé dau ndi voi muong thoat nude thai
chung cta khu cong nghiép (Hinh 5).
Ap dung cong nghé tai XLNT KCN
Phan Thiét I; toa d0 (X=1212387;

TK9

CHU GIAL
Dueomg nuede
Buong bin
e Ditémg hda chdt
Burémg bim tudn hodn
— — . Dudmg muée tudn hodn
TK! — Song chdn rdc
TK2 — Bé diéu hoa
TK3 — Keo ty tgo béng
TK4 — Aerotank
TKS — Léng 2
TK6 — Bé trung giang
TK7 — Bé lpc dp Iyc
TKS8 — Bé khie trimg
TK9 — Bé chita bim
TK10 — Bé nén bim
TK11 — Mdy ép bin

TKI10

Hinh 5. So d6 cong nghé xir 1y nudc thai khu cong nghiép.

Y=182944), dat QCVN 40:2021/BTNMT.
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3.4.4. Giai phap xtr Iy nudc thai cac co sé san xuat ché bién thuy san

TK1
TK2

TK3

CHU GIAI
e UONE MUOC
e Dt6mg bl

DPueomg hda chét

— —  Puong nuéc tudn hoan
TK1 — Bé chira nuweéc nhiém déu
TK?2 — Bé tdch ddu
TK3 — Bé chita meéc thai khéng thuwomg xuyén
TK4 — Bé chira nwoc thai thieong xuyén

TKS8

TK5 — Keo tu tao béng Pra o
TK6 — Bé chita > L oo *
TK7 — B loc kép than hoat tinh %45 — : i

TKS8 — Bé chira bin
TK9 - Bé nén bin
TK10 - Bé ép bun

=
Rt
. :

L e e =]
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Hinh 6. So d6 cong nghé xir 1y nudc thai ca com.

Luu vuc song Phan, céac co s¢ ché bién c4 com trén luu vuc tap trung ¢ xa Tan Tién, xa
Tan Hai thudc thi xa La Gi. Hau hét cac co s khong xir 1y nudc thai, do d6 man trong nudc
thai kha cao 1am cho viéc xir Iy gdp rat nhiéu kho khan va kinh phi dau tu cao nén céc co sé
san xuat chua manh dan dau tu, nudce thai chi duge thu gom xtr Iy so bo bang hé ga chay ra
s6ng hodc cho tu tham. Xay dung cong nghé dién hinh phu hop tai khu xir Iy nudc thai tap
trung cum cong nghiép Phi Hai (X=1211371; Y=187085), két qua dat QCVN
11:2015/BTNMT, cong nghé dé xuét theo hinh 6-7.

K2

CHU GIAI
Duong mrée

Dueong bin

——  Puomg héa chdt
Dueong bin tudan hoan
Dudomg mede tudn hoan
TK1 — H6 thu gom

TK?2 — Lwge rac tinh

TK3 — Keo tu tao bong

TK4 — Tuyen noi, vot dau me
TKS — Bé diéu hoa

TK6 — Bé Anoxic

1
1
1
1
1
I
) L
1 TK7 — Bé Aerotank
1 TKS8 — Ling 2
1 TK9 — Keo tu tao bong
1 TK10 — Bé khir rimg
T > TK11 — H6 sinh hoc
. 1 TK12 - Bé chira bin
1 TK 13 - B(f' nén bim
= 1 TK12 TK14 — Bé ép bin
I'K10 '
< 1
xS ‘
1 oy e,
] &b & i&i
1
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1
1
1 £ TK14
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Hinh 7. So db cong nghé xir Iy nudc thai ché bién thiy san.
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3.4.5. Giai phap xtr 1y nudc thai y té

Cong nghé AAO xtr Iy nudc thai y t&; AAO duoc hoan thién vé k¥ thuat, quy trinh cong
nghé va tré thanh mot trong cac bién phap xur Iy nudc thai phd bién cho nganh y té. So d6
cong nghé xur Iy nude thai AAO ng dung cho cac loai nude thai co ty 1€ BOD/COD > 0,5
va c6 ham lugng hop chat hitu co d& phén huy sinh hoc cao. Cong nghé nay xt 1y triét dé cac
chat dinh dudng. Uu diém, van hanh 6n dinh, d& thuc hién, phu hop vé6i diéu kién ty nhién
Viét Nam hién nay.

Luu vuc song Long Song, bénh vién huyén Tuy Phong, di dau tu xdy dung hoan chinh
hé thong xtr Iy nudc thai, duge so Y t& quan tim dau tu nén hé thong thu gom va xir 1y nudc
thai y té cua bénh vién hoat dong tbt, nudc thai phat sinh trong qué trinh kham chira bénh,
sinh hoat ctia ngudi bénh dugc thu gom dén vé hé théng xir 1y nudc thai tap trung, hé thong
hién dugc van hanh thuong xuyén, on dinh.

Luu vuc song Lily, bénh vién da khoa Bic Binh Thuén, theo Bao céo tinh hinh quan Iy
chat thai y té, cong trinh xtr Iy nudc thai chuwa hoan chinh nén chua di vao hoat dong, nude
thai y té ctia bénh vién duoc thu gom vao ham chua cho tham dat.

Luu vye séng Phan, bénh vién Ham Thuén Nam, nudc thai tir cac hoat dong kham va
diéu tri bénh, nudc thai sau xir ly tur bé ty hoai 3 ngan, dan vé hé thong tap trung dé xur ly.

Luu vue song Cai Phan Thiét, cac bénh vién tuyén huyén, trung tam y té 16n da dau tu
xay dung hé thong xir Iy nude thai, hién trén luu vuce c¢6 04 bénh vién trong d6 bénh vién da
khoa huyén Ham Thuéan Bic, bénh vién Lao va Bénh Phdi, va bénh vién da khoa tinh Binh
Thuan di x4y dung hé théng xur 1y nudc thai. Bénh vién TP. Phan Thiét xay dung hoan chinh
hé théng XLNT, nudc thai dugc thu gom va xir Iy so bd bang ham ty hoai d6 truc tiép vao
muong thoat nudc ciia khu dan cu dan ra hé thong céng chung trén duong Hai Thuong Lang
Ong. Dbi v6i bénh vién Tam Phiic hién str dung cong nghé hoa sinh dé xir Iy nudc thai, bénh
vién da khoa An Phuéc xur ly ddy du cac cong doan yém khi, hiéu khi, oxy hoa, khir tring,
khir mui. Pat QCVN 28:2010/BTNMT. So d6 hé thong xtr Iy nude thai ciia bénh vién (Hinh
8).

Puong nueée
DPuong bun
Puweong héa chat
DPuwonmg bun tudn hoan
— = - Puong neéc tudn hoan
TK1 — Bé diéu hoa
TK2 — Bé ki khi
TK3 — Bé Anoxic
TK4 — Aerotank
TKS5 — Ldng 2
TK6 — Bé khir tring
TK7 — Bé chira bun
TKS8 — Bé nén bun
TK9 — Bé ép bun

Hinh 8. Xt 1y nudc thai y té tai TP Phan Thiét.
3.4.6. Gidi phap xt ly nudce thai chan nuoi
Chin nudi heo mé hinh tap trung, sb luong 16n, d& kiém soat, nhung d& gay dich bénh
va gia tang 6 nhiém moi truong. Giai phap xir Iy cong nghé cao ctia Vién Mai truong va kinh

té tuan hoan Mién Nam (ICERES) cho nudc thai chin nudi heo c6 kha ning xt ly phan
chudng, nude thai, mui hoi, dat QCVN 62:2021/BTNMT (Hinh 9).
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CHU GIAI

Durong meéc

Dueomg bin
Purong héa chat

TK1 — Ho thu gom
TK2 — Biogas

TK3 — Bé diéu hoa
TK4 — Bé Anoxic
TKS — Bé Aerotank
TK6 — Léing 2

TK7 — Keo tu tao bong

TKS — Bé kit triing
TK9 - Bé chira bim

K

10 — Bé nén bin

TK11 — Bé ép bim

Duromg bin tudn hoan
Purong mrede tuan hoan

TK10

EJ,'

Hinh 9. So db cong nghé xir Iy nude thai chin nudi.

3.5. Két qud nghién cieu cdc Qidi phdp xit Iy nwdce thdi

66

Dé xuit cong nghé dién hinh 4p dung vao cic cong trinh hién hiru dang xtr 1y nudc thai
sinh hoat, nude thai cong nghi€p, nude thai ché bién thuy san...l1a nhitng dang nude thai xa
thai vao luu vuc sdng chinh tinh Binh Thuan. Két qua trong bang 4.

Bang 4. Két qua nghién ciru cac hé thong xir Iy nudc thai dién hinh.

Loai cong

Thong so0 6 nhiem

trinh/ Hi¢u DO BODs cop Tss AMON No,  pog Daw Chat - Coliform
qua xir ly PH mg/l  mg/l mg/l  mg/l mg/l, mgl  mgn ™ HD — MNP/100
(N) mg/l  BM ml
(1) (2) 3) (4) (5) (6) (7) (8) 9 (10) (11) (12)
I NUGC THAI SINH HOAT
TXL 6,1 46 273 397 256 16,5 52 68 48 52 21x103
SXL 7,2 56 29,2 35,7 47 48 25,2 6 41 38 500
Hiéu qua % - - 89,3 91,1 816 74,1 51,5 85 685 37 -
Két qua duoc so sanh véi QCVN 14: 2015/BTNMT
I NUOC THAI CONG NGHIEP
TXL 5,2 32 5200 7324 186 15 38 7 23 - 9100
SXL 8,3 56 29 65 43 5 23 6 9,6 - 490
Hiéu qua % - - 99,4 99,1 769 66,7 39,1 - 58,2 - -
Két qua duoc so sanh voi QCVN 40: 2021/BTNMT
11 NUOC THAI CHE BIEN CA COM
TXL 39 41 8200 11532 199 23 46 24 - - 8200
SXL 6,7 6,2 30 67 44 4,5 28 5 - - 200
Hiéu qua % - - 99,6 994 778 80,4 39,1 791 - - -
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c A Théng s6 6 nhiém
Loai cong - X ; :
trinh/ Higu Do BODs cOD Tss AMOM  No, pog PDau Chat  Coliform
qui xir Iy PH gt mgt mgnt mgn ™YY gl mgn ™8 HD - MNP/100
(N) mg/l BM ml
(1) (2) (3) , 4) (5) (6) (7) (8) (9 (10) (11) (12)
Keét qua dugc so sanh voi QCVN 11: 2015/BTNMT
v NUGOC THAI CHE BIEN THUY SAN
TXL 6,9 - 3590 4358 256 59 67 10 - - 9100
SXL 7.3 - 28 69 47 5 9 45 - - 2000
Hiéu qua % - - 99,4 984 816 91,5 95 55 - - -
Két qua dugc so sanh véi QCVN 11: 2015/BTNMT
Vv NUOC THAI Y TE
TXL 6,6-7 - 8900 12350 330 55 97 19 32 11 12000
SXL 8,1 - 30 47 49 48 27 59 9 4 3000
Hiéu qua % - 99,6 996 86,3 91,2 72,1 689 - - -
Két qua dugc so sanh véi QCVN 28: 2010/BTNMT
VI NUOC THAI TRANG TRAI CHAN NUOI
TXL 6,1 45 8300 13.000 164 32 450 11 - - 14000
SXL 8,2 6,1 35 98 36 8 47 5 - - 1500
Hiéu qua % - - 99,5 99,2 78 75 89,5 - - - -

Két qua duoc so sanh v6i QCVN 62: 2021/BTNMT

Chat thich: TXL: Trudc xu ly; SXL: Sau xtr Iy; HQ: Hi¢u qua xu ly.
4. Két luin

Trén céc luu vye séng chinh tinh Binh Thuan ¢6 cac nghién ctru vé tai nguyén nudc phuc
vu cho phat trién kinh té xa hoi ctia dia phuong. D3 c6 cac dé tai, du an thyc hién cho timg
lwu vyce séng riéng 1¢, hau hét tap trung dénh gia ting doan séng dé dinh hudng quan ly
nguén nuée. Quan 1y tai nguyén nudce luu vue séng hién van theo phuong thiic truyén théng
chu yeu la quan 1y theo timg nganh dung nude. Trén luu vue sdng chua xay dung dugce co ché
va chinh sach cho sir dung nuée téng hop. Nghién ctru ndy dé cdp dén van dé suy thodi can
kiét va chat lugng ngudn nudc ciing nhu nhing giai phap cong nghé xur 1y kiém soat nguon
thai. Cung moét thoi gian nghién ciru thyc hién trong khong gian toan bd cac luu vuc song
chinh, nghién ctru tinh trang x4 thai nudc thai vao cac luu vuc song 1a nhitng nguyén nhan
gy 6 nhiém ngudn nudc mat cho cac luu vyce song, nghién ctru giai phap tién dé cong nghé
xtr Iy cho cac dang nudc thai khac nhau.

Phat trién ngudn nudc, huéng dén phat trién bén viing tai nguyén nude tinh Binh Thuan,
cong tac bao vé va phat trién bén viing ngudn nudc mat can thiét nghién ctru tic dong clia cac
ngudn thai, tinh toan tai luong 6 nhidm, x4y dung ban d6 chat luong nudc cac lru vye song,
ng dung mo hinh toan mé phong danh gia du bao chat luong nudc 1a nhiém vy tong hop. Bai
bao d dua ra cac giai phap tién dé cho muc tiéu phat trién bén viing ngudn nude cac luu vuc
song. Trong do, xay dung cong nghé xu 1y cac loai hinh nudc thai khac nhau phu hgp, nudc
thai sau xur Iy dat QCVN cho tirng loai nudc thai, khi xa thai vao cac séng khong con gay 6
nhiém nudc mat, gop phan bao vé ngudn nudc hién tai va twong lai.

Pong gop cua tac gia: Xay dung y tuong nghién ciru: H.P., T.T.M.H., N.T.H.; Lya chon
phuong phap nghién ctru: H.P., T.T.M.H., N.T.H.; Phan tich mau: H.P., T.T.M.H.; Ldy mau:
H.T.N.H., H.P.; Viéet ban thao bai bao: H.P.; T.T.M.H.; Chinh sura bai bao: H.P., H.T.N.H.,
N.T.H.

Loi cam on: Nghién ctu thuc hién dudi sy tai trg cua du an “Lap danh muc nguén nudc va
thict 1ap hanh lang bao v¢ nguon nudc trén dia ban tinh Binh thun nham quan ly, khai thac
st dung, bao v¢ tai nguyén nudc (Vién Phat trien Cong nghé Moi truong va Tai nguyén nudc
Phu My).
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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 sao chép tir nhirng nghién ctru trude day; khong cod
su tranh chap loi ich trong nhom tac gia.
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Research and evaluate water quality of main rivers in Binh
Thuan province and propose prerequisite solutions to protect
water sources
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Abstract: The socio-economic development process of Binh Thuan province has exploited
surface water sources to provide daily life, agricultural and industrial production,
aquaculture, and tourism. Wastewater flow from residential areas, industrial parks, livestock
farms, seafood processing factories... has not been treated, or has been treated but does not
meet discharge standards into the main river basins of Binh province. Thuan, is the cause of
river water pollution. Results of water quality analysis of 7 main river basins: (i) Long Song
River, (i1) Luy River, (ii1) Phan Thiet Cai River, (iv) Ca Ty River, (v) Phan River, (vi) ) Dinh
River and (vii) La Nga River show that most of the sampling locations for analysis are
polluted with different levels of NH4", Fe, DO, BODs, NOy", CN, As, etc. , exceeding the
limit prescribed according to QCVN 08:2023/BTNMT. At the same time, research and
propose prerequisite solutions for the goal of sustainable development of water resources,
completion of irrigation works, protection of natural ponds and lakes... Selecting appropriate
and typical technology proposals for wastewater treatment from various economic activities.
Treated water meets QCVN 08:2023/BTNMT for each type of wastewater, contributing to
protecting and developing water resources of main rivers in Binh Thuan province.

Keywords: Appropriate technology for wastewater treatment; Exploitation and use of
surface water; Binh Thuan main river basin, Water resource development; Surface water
pollution.
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Tém tit: Trong bal bao nay di duoc tién hanh nghién ctru dic trung thng ké va phan tich
danh gia so sanh s liéu thuc do, trung binh (ngay, thang va ndm) tai mot sO tram gifta san
pham mé hinh HYCOM va do dac quan tric. Yéu td nhiét d6 bé mat nudc bién duge lya
chon so sanh danh gia, 14 yéu t6 chinh trong linh vuc hai duong hoc. Phuong phap ap dung
dac tm'ng thong ké, ham tuong quan (R) va chi s hiéu qua NASH (NSE) xac dinh sy phu
hop gitra quan tric va mo phong. Cac két qua thong ké thé hién nhiét d6 bé mat trung binh
muia dam bao quy ludt phan b khong gian va thay d6i theo thoi gian. Danh gia so sanh duoc
thue hién va thu dugc két qua chudi so liéu trung binh thang t6t nhat voi hé sb twong quan
(R) 16n hon 89% va chi s6 NSE pho bién lon hon 0,79, ngoai trir tram Phu Qudc chi dat
0,51. Két qué nay khai thac dit li¢u vé trung binh thang cua md hinh HYCOM kha t6t (101
v6i viing bién bic va trung Viét Nam, viung bién nam cén xem x¢t ky trude sir dung. Do van
con han ché nén can ¢ nhiéu nghién ctru nita va sd lugng tram so sanh ciing can ting lén
dé dam bao ngudn dir liéu nay co ¥ nghia sat thuc hon.

Tir khéa: Nhiét do bé mét nude bien (SST); M6 hinh HYCOM; Bién Viét Nam; Ham twong
quan; Chi s6 NSE.

1. Mé diu

Ngay nay, cong nghiép 4.0 bung nd v6i nhitng bai toan dit liéu 16n. Linh vuc Hai duong
hoc cling dugc huong ng theo xu thé viing nay véi nhiing bai toan dir liéu lon tinh toan mé
phong toan cau. Nhu cau thuc tién ngay cang doi hoi va yeu cau €6 do phan giai cang rd nét
va chi tiét. Cac mé hinh dai dwong cling tang cudng cac ngudn sb lidu khong 16 trong khong
gian ba chiéu quy mé toan cau bién d6i theo thoi gian. Mot trong cac md hinh dai dwong da
duogc xdy dung, phat trién va danh gia két hop dong hoa dir liéu dwa trén hé toa do sigma ap
sut (Isopycnal-sigma-pressure) duoc goi la mé hinh HYCOM (Hybrid Coordinate Ocean
Model) [1]. Yéu t6 nhiét do cuia nudc bién thanh phan quan trong nhu tuong tac bién - khi
quyén, mdi truong bién, khdi nude bién, séng am, .... Yéu té nhiét d6 dugc dé cap nhiéu trén
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thé gidi thong qua cac nghién clru vé xu thé 4m 1én toan cau trong bién d6i khi hau, hoic 1a
cac chi thi thé hién vé hién tuong Elnino - Lanina trén toan cau [2], la cac cong trinh nghién
ctru tmg dung coéng nghé vién tham [3, 4], chi sb nang luong trong hoat dong béo ¢ bic An
Do duong [5], vai trd binh luu trong tuong tac bién - khi quyén ¢ phia bac vinh Bengal [6],

danh gia twong quan cta nhiét d6 gitra quan trac thyc do va vé tinh (Vlel’l tham) [ 78], phan
tich hién tugng nudc troi & BO Pao Nha [9], danh gia xu thé bién d6i nhiét do bé mit nude
bién & mot sb ving bién trén thé gidi [10-12].

O vung bién Viét Nam, cac hién tuong tu nhién dugc nghién ctiu thé hién qua nhiét do
nude bién nhu hién tuong nudce trdi - nudc chim [13-15], lién quan gia tang nhiét do, dac
trung mot s vung [16-20], front nhiét va xac dinh ngu truong tiém nang [21-22].

Do d6, nghién ctru tim hiéu, khai thac va st dung nguon dir liéu nhiét d6 nude bién bd
sung vao co s& dit liéu hai dwong hoc khu vuc bién Viét Nam néi riéng va Bién Pong noi
chung ngay cang hoan thién hon. Ngudn dir liéu nay ciing can quan tam thiét thuc dé thuc
hién b sung va lap day thém voi khong gian rong 16n theo thoi gian. Cho nén, ching t6i da
nghién ctru va danh gia nguon s lidu tir md hinh HYCOM so sanh véi s6 lidu do dac tai mot
sO tram quan tric vung bién Viét Nam glal doan 2000-2022 nham so séanh d4nh gia thong qua
tuong quan va chi s6 NASH cuia yéu td nhiét dd bé mit nudc bién.

2. Dir liéu str dung va phwong phap nghién ciru

2.1. Dt lieu swr dung

Dit liéu duoc sir dung trong nghién ctru nay tir ngudn sb liéu do dac va ngudn sd liéu mod
hinh tinh todn. Mé hinh HYCOM duoc xay dung c6 su hop tac ctia nhiéu t6 chirc va chuong
trinh nghién ctu cua My nhu Chuong trinh

Péi tac Pai duong Qubc gia (NOPP dugc
viét tit tr National Ocean Partnership
Program), thyc nghiém Dong hoéa Dir liu
Pai dwong toan cidu (GODAE - Global
Ocean Data Assimilation Experiment) [1].
San phdm cta md hinh nay thé hién trén
khong gian ba chiéu véi phan giai 1/12° va
thoi gian, co thé dugc lam diéu kién dau vao
cho cac mo hinh v6i phan giai cao hon, tdng
cuong didu kién bién cho nhirmg mé6 phong
dai duong - khi quyén toan cau, ting cudng
sy hop tac tir cong dong hai duwong hoc.
Ngudn sb liéu mé hinh tinh toan 1a loai sb
lidu tai phan tich ddi véi yéu t6 nhiét do bé
mat nudc bién (SST) ctia san pham mo hinh
HYCOM [1]. Ngudn sb liéu ndy duoc khai
thac c6 kich thude khong gian dugc gidi han
tir 8-22°N va 103-112°E (Hinh 1) véi d6
phan giai khoang 1/12° (~0.08°) va khoang
thoi gian lién tuc tir ngay 01/01/1993 dén ngay
31/12/2022 v61 budc thoi gian 3 gio.
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Hinh 1. Gigi han khu vuc nghién cuiu tir 8°-22°N

va 103°-112°E.

Nguon s6 liéu do dac 1a sd licu quan trac duogc thu thap tur hé théng cac tram hai vin
quan trac trong vung bién Viét Nam tir bac xudng nam. Céc tram hai van dugc lya chon sir
dung bao gdm tram Hon D4u, tram Son Tra, tram Pha Quy, tram Truong Sa, tram Con Dao
va tram Phu Qudc. Khoang thoi gian thuc hién thu thap va phan tich s6 lidu 1a khoang thoi
gian tring v&i san phdm mo hinh HYCOM tir ngay 01/01/2000 dén ngay 31/12/2022 véi
budc thoi gian quan tric do dac theo quy dinh chuan cia WMO 14 04 lan/ngay (6 gid).
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2.2. Phwong phap nghién curu

Phuong phap thong ké duoc thé hién phan tich danh gia khac nhau nhu tuong quan, hdi
quy tuyén tinh, chudn sai, sai sb tuyét dbi va tuong d6i, hé s6 hiéu qua (NASH), chi s6 thién
1éch (PBIAS), ... [23]. Phan tich h01 quy tuyén tinh x4c dinh trong quan giita thuc do vatinh
toan thé hién gia tri ctia mot yéu td. Phan tich nay thyc hién viéc don gian hoa tir nguon dur
liéu 16n va cac quy luat phuc tap thanh quy luat don gian. Nhu vy, phuong phap hdi quy
tuyen tinh s& dugc giai quyét vé mbi twong quan, hiéu g, so sanh, ... Thudc do cua ham
hoi quy tuyén tinh duoc dung hop 1y héa 1a xac dinh hé sé6 R? (R duoc goi 13 hé sb twong
quan). Y nghia ctia R phan anh sy trang khép theo  quy luat so sanh cua do dac va tinh toan.
Néu dit lidu cang tap trung sat hodc trung duong hdi quy thi gia trj R? s& cao, nguoc lai, néu
dit liéu phan b rai rac cach xa dudng hdi quy thi gia tri R? s& thdp. Hé sb tuong quan duoc
xac dinh dudi day:

> (% -%)(¥,-Y)

R=—— )

> 06 %) 3 (3% -9)

o 13 5 13 N —
VOl x==S'x Vady== vai=l1,2,..n.
nZl ,Vay néy.

Trong d6 R 12 hé s6 tuong quan; x; 12 thuc do (quan tric); X 1a trung binh thuc do (quan

trac); yi 1a tinh toan (mo phong); Y 14 trung binh tinh todn (mo phong); i 1a s6 thuc tu ciia sb
liéu; n la téng s6 s lieu.

Viéc phén tich va danh gia so sanh do chinh xac cta san pham mé hinh HYCOM so véi
do dac quan tric theo chi sd hiéu qua ctiia Nash-Sutcliffe [24], duoc goi tat 1a chi s6 NSE
(Nash-Sutcliffe Efficiency). Chi s6 NSE 14 duoc xac dinh twong d6i giita thyc do va tinh toan
véi1 tuong ddi cua thuc do, cu thé:

n

Z:(Xi_yi)2

NSE=1-1t — )

& day )—(zlixi vai=1,2, ..n

Trong d6 NSE la chi s6 hiéu qua Nash-Sutcliffe; xi 1a thuc do (quan tric); X la trung
binh thuc do (quan tric); yi 1a tinh toan (mé phong); i 1a sb thuc ty cua s6 liéu; n 14 téng sb
sb lidu.

Phan tich thong ké cac gia tri ddc trung dit liéu nhu trung binh ngiy, trung binh thang,
trung binh nim cua yéu té nhiét do bé mat nudc bién dugc str dung trong nghién ctru nay.

3. Két qua va thao luin

3.1. Pdanh gid két qua thong ké nhiét dé bé mdt nude bién ciia mé hinh HYCOM

S6 liéu duoc khai thac sé lidu tai phan tich tir hé théng co s& dir lidu toan cau ctia mod
hinh HYCOM [1]. Nguén s liéu nay duoc thé hién trong khong gian gidi han tur 8°-22°N va
103°-112°E (Hinh 2). Gia trj nhiét d6 bé mat nudc bién ving bién Viét Nam va Bién bong
thay ddi giira cac muia phan hoa rd nét theo dic tinh vi tri dia Iy ma chdng chiu chi phdi boi
hé thong hoat dong gié muia, noéng 4m va hoan luu dai dwong (Hinh 2). Hinh 2 dugc thé hién
r0 nét sy chénh 1€ch gid tri trung binh theo cdc mua khac nhau, gitta cac vung khac nhau (tur
bo ra khoi, tir bic xuéng nam). Su phan bd nhiét d6 bé mit nudc bat déng nhéat theo khong
gian dia 1y tir bdc xudng nam va tir ven bd dén ngoai khoi xa da thé hién khong 16 dic thu
dac tinh tirng vi tri khu vue cu thé.
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Hinh 2. Nén nhiét d6 (°C) bé mit nudc bién trung binh mua trong giai doan 1993-2022: (a) Trung
binh mua he; (b) Trung binh mua déng; (c) Trung binh mua tir hé sang dong; (d) Trung binh mua tir
déng sang he).

Trong mua he, nhiét do bé mat co sy khac biét & khoang 11-13°vi bac va 108-110° kinh
dong v6i nén nhiét thap hon khu vic xung quanh ma thudc ving bién Ninh Thuan - Binh
Thuan (Hinh 2a) ma dugc goi 14 hién twong nude trdi [13]. Hién twong nay thuong xay ra
v6i gié mua Tay Nam véi hudng gioé phd bién 1a Nam - Tay Nam. Vao mua dong, truong
nhiét chiu phéi boi tac dong khdi khi va khdi nude tir phia bac nén nhiét do bé mat nudc bién
ving bién vinh Bic B va ven bién phia nam Trung Quéc déu thap hon so voi khu vuc khac
(Hinh 2b). Thoi ky nay la gi6 mua Dong Bic chi phéi tac dong manh, hé thong dong ven tur
phia bic dua xuong voi khéi nude lanh phia bac. Nhung vao thoi ky, chuyen tiép tir hé sang
dong, nhiét do thé hién dugc sy mat mé cho hau hét cac ving bién lién ké véi su chénh léch
nhé va dao dong khoang 27-29°C (Hinh 2¢). Vio thoi ky chuyén mua déng sang hé (xem
Hinh 2d), nhiét d6 van con thé hién su anh huong cua khéi khi lanh phia bac & vinh Bic B
va ven bién phia nam Trung Quéc khoang 23,5°C. Nhung phia nam, khu vuc bién T4y ¢ vinh
Thai Lan d4 cho thdy su anh hudng ctia mua hé véi nén nhiét cao khoang 30°C. Do d6, nhiét
d6 bé mat nude bién khu vic nghién ciru da cho thy tiém nang hinh thanh va phat trién hoat
dong xoay thuan nhié¢t déi vao mua hé ¢ toan by khu vuc. Cac mua con lai, qué trinh nay
dich chuyén vé phia nam. Cac truong hop dic biét di thudng van c6 kha ning xay qué trinh
nay ngoai quy ludt trong bdi canh bién d6i khi hau cuc doan.

3.2. Bdnh gid nhiét dg bé mdt nude bién so sanh giita quan trdc va mé hinh HYCOM

Str dung thuat toan noi suy dé xac dinh vi tri dia ly theo kinh d¢ va vi do twong Gmg voi
vi tri cta cac tram hai van bao gom cac tram Hon D4u, tram Son Tra, tram Phu Quy, tram
Truong Sa, tram Con Do va tram Phu Quoc trong hé thong cac tram quan trac Hai van quéc
gia. Céc tram lya chon nay dugc phan bd trong bién Viét Nam tir bac xuong nam. Tur do,
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chung t6i dd xac dinh chudi gia tri nhiét d6 bé mat nude bién cia do dac quan tric va mod
hinh HYCOM tinh ton twong tng nhau bién thién theo chudi thoi gian giai doan tir ngay
01/01/2000 dén ngay 31/12/2022.

Cac gia tri nhiét do nay dugc xac dinh xtr 1y phan tich chuan hoa dua vé theo gio dia
phuong. Dong thoi, cac gia tri trung binh (ngdy, thang va nim) cta chudi do dac va tinh toan
cling dugc xac dinh theo tinh toan thong ké. So sanh cac dic trung cua cac chudi trung binh
theo cyc tri va trung binh cia quan tric (Obs), mé hinh HYCOM (HYCOM) va hiéu sb sai
1éch quan tric va mo hinh (Obs-HYCOM) theo tinh chét trung binh cua ngay, thang va nim
tai cac tram dugc lya chon danh gid so sanh (Bang 1).

Béng 1. Théng ké dic trung clia cac chudi trung binh (ngay, thang va niam) theo cuc dai, trung binh
va cuc tieu cua nhiét dd be mat nudc bien (°C) ve quan trac (Obs) md hinh (HYCOM) va chénh 1éch
(Obs-HYCOM) tai mot $6 tram hai van giai doan 2000-2022.

Trung binh ngay Trung binh thang Trung binh nim
TT  Téntram Loai s li¢u cwe  TTUN e Bién Cwe  TTUN e Bién Cwe  TTUN e Bién
aai 9 dew g 9 i % g 9 gha 9
* binh . binh : binh
Obs 33,10 2551 1320 19,90 31,23 2548 16,01 1522 26,18 2556 24,67 151
1 Hon Déu HYCOM 32,47 2540 14,79 17,68 3151 2537 1561 159 2593 2547 2438 155
Obs-HYCOM 327 011 -355 682 179 o011 -140 319 029 009 -019 048
Obs 33,30 26,57 14,90 1840 31,28 2653 17,09 14,19 27,17 26,66 2558 1,59
2 Son Tra HYCOM 31,47 26,60 1893 1254 30,9 2658 20,19 10,77 27,16 26,62 2556 1,60
Obs-HYCOM 403 -003 -771 1174 216 -005 -618 834 061 004 -044 105
Obs 31,33 2762 2205 928 3049 2761 2364 685 2850 27,65 27,10 140
3 Phd Quy HYCOM 31,40 2742 2285 855 3057 2741 2355 7,02 2834 2744 26,75 159
Obs-HYCOM 283 020 -292 575 1,17 020 -072 18 061 021 -011 0,72
Obs 3143 28,73 2518 625 3067 2873 2601 466 2917 2872 2810 1,07
4 Tné(;“g HYCOM 32,03 2858 2512 691 3095 2857 2587 508 2922 2860 2810 1,12
Obs-HYCOM 329 015 -324 653 226 015 -090 316 059 012 -0,31 0,90
Obs 32,15 2833 2218 997 31,22 2836 2484 638 2888 2834 27,73 115
5 Cén bao HYCOM 31,43 28,09 2356 7,87 3094 2814 2402 692 2878 2809 2744 134
Obs-HYCOM 690 025 -348 1038 144 022 -112 256 053 025 -011 0,64
Obs 3248 2948 2515 7,33 31,79 2948 2729 45 30,02 2947 29,16 086
6 Phit Quéc HYCOM 3294 2919 2523 7,71 3216 2918 2611 605 29,79 2920 2881 0,98
Obs-HYCOM 304 029 -290 594 157 030 -159 316 065 028 -0,01 0,66

Bang 1 thé hién dugc cac dic trung thong ké cta quan trac va mo hinh tinh toan. Sai léch
tuyét ddi trung binh trong céc chudi sd liéu dao dong khoang tir -0,05°C (tram Son Tra) dén
0,30°C (tram Phti Qudc). Chénh 1éch giira gia tri cuc dai giita cac tram khong 16n khoang xap
xi gan 2°C. Nhung gia tri cuc tiéu chénh léch khac 16n khoang 12°C & trung binh ngay va
giam dan khoang 5°C ¢ trung binh nim. Bién d¢ dao dong giam dan tir trung binh ngay dén
trung binh nam, tir bic xudng nam hay tir vi d6 cao xudng vi do thap. Cac két qua nay ciing
cho thay d6 chinh xéac hay dao dong sai léch cua cac trung binh (ngay, thang va nam) khac
nhau. Pay ciing 14 bang thong tin phan 4nh vé sai sd tuyét dbi giita quan tric va tinh toan.
Hon nita, so sanh céc gi4 tri nhiét do giita quan tric va mo phong duoc thé hién duéi dang
d6 thi bién thién theo thoi gian (Hinh 3 dén Hinh 11).

Hinh 3 dén Hinh 5 thé hién su bién thién gia tri nhiét dg trung binh (ngay, thang va nam)
gifta quan tric va mo hinh HYCOM kha ddng nhat vé quy ludt va do chinh xac duoc tang 1én
va thé hién cang rd nét tai tram Hon Déu (xem Bang 1). Tram nay nam vi do cao hon céc
tram khac nén bién do dao dong trong nam kha 16n khodng 20°C (trung binh ngay), 15°C
(trung blnh thang) va 1,5°C (trung binh ndm). Duong bién trinh trung binh thang c6 d¢ trung
khép 1a t6t nhat. Trong chudi sb liéu trung binh ndm cta quan tric ciing cho thay xu thé ting
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1én cua nhiét do bé mit nude theo
xu thé 4m 1én toan cau khoang
0,0118°C/nam trong chudi s liéu
23 nam (2000-2022).

Tram Son Tra dugc thé hién
ttr Hinh 6 dén Hinh 8, 14 tram nam
0 khoang giira ciia Viét Nam, sy
bién thién dao dong gia tri trung
binh (ngdy, thang va nam) cia
quan tric va mo hinh HYCOM vé
nhiét d6 bé mit nuéc bién kha
dong nhat quy luat va do chinh
xac tang 1én va thé hién cang rd
nét (Bang 1). Bién d6 dao dong
cua tram nay so vdi tram Hon Déu
da co su suy giam dang ké. Tram
nay co6 bién do dao dong cua trung
binh ngay khoang 14°C, cta trung
binh thang khoang 11°C va cua
trung binh nam khoang 1,6°C.
Pudng bién trinh cua gia tri trung
binh thang ¢6 d6 trung khép gitr
quan tric va mo hinh 1a t6t nhat.
Trong chudi sb liéu trung binh
nim cia quan tric ciing cho thiy
xu thé ting 1én khoang
0,0126°C/nam trong chudi sd liéu
23 nam (2000-2022), c6 cao hon
tram Hon DAu.

Tuong tu nhu hai tram trén,
tram Phi Quy cling dugc danh gia
nhiét do bé mat nudc bién glua
quan tric va mo hinh HYCOM ma
né ciing kha dong nhit vé quy
luat. Bién d6 dao dong cua cac gia
tri sai 1éch vé d6 chinh xac duoc
tang 1én va thé hién cang rd nét tir
5,75°C (trung binh ngay) dén
1,89°C (tring binh thang) dén
0,72°C (trung binh nam) (xem
Bang 1). Bén canh d0, n6 ciing thé
hién sy dao dong khong manh mé
gitra cac thoi ky mua trong nam.
Gié tri trung binh nam cta quan
tric la 27,65°C, md phong
HYCOM la 27,44°C, sai léch gitra
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Hinh 5. S6 liéu trung binh ngdy cua tram Son Tra giai doan
2000-2022.

quan tric va mo phong HYCOM la 0,21°C. Gia tri trung binh nam ctia nhiét do bé mit nude
bién theo quan tric tai tram Pha Quy bién ddi tuyén tinh giai doan 2000-2022 ciing khoang
0,0171°C/nam. Pay la tram ¢ xu thé bién ddi tuyén tinh nhanh nhat trong cac tram dugc
xem xét. Tram Trudng Sa 14 tram quan tric nam ¢ dao Truong Sa 16n thude quan dao Trudng
Sa, vi tri ngoai khoi phia nam Bién Pong.
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Nhin chung, sy bién ddi ciia cac gia
tri trung binh (ngay, thang va nam) c0
bién d6 nhé hon han céac tram khac nhu
tram Phu Quy va tram Con Pao. Bang
1 cho théy gia tri bién dong trung binh
ngdy cta quan tric 1a 6,25°C, cia md
hinh HYCOM la 8,55°C va sai 1éch
gilta quan tric - md hinh HYCOM la
6,53°C; bién dong trung binh thang cua
quan tric 1a 4,66°C, caa md hinh
HYCOM la 5,08°C va sai léch gitta
quan tric - md hinh HYCOM 14 3,16°C;
bién dong trung binh nim ctia quan tric
la 1.07°C, cia m6é hinh HYCOM Ia
1,12°C va sai 1éch giira quan tric - mod
hinh HYCOM Ia 0,9°C. Bén canh do,
gi4 tri trung binh ndm ciia quan trac 13
28,72°C, m6 hinh HYCOM la 28,60°C,
sai léch gitra quan tric va md hinh
HYCOM 14 0,12°C. Gia tri nhiét do bé
mit nudc bién trung binh ndm cta quan
trac tai tram Truong Sa bién doi tuyén
tinh giai doan 2000-2022 ciing khoang
0,0069°C/nam. Pay 1a tram co toc do
bién d6i nho nhat.

Tram Con DPao cling dugc xem xét
tuong ty vé gia tri trung binh (ngay,
thang va nam) clia quan trac va mo hinh
HYCOM. Ma két qua ciing da cho thiy
su déng nhét vé quy ludt, d6 chinh xac
tuong tu (Bang 1). Gia tri bién do trung
binh ndm theo quan tric 1a 1,15°C, mo
hinh HYCOM la 1,34°C, sai 1éch gitta
quan tric va mdé hinh HYCOM Ila
0,64°C. Gia tri trung binh ndm ctia quan
tric khoang 28,34°C, md hinh HYCOM
khoang 28,09°C, sai léch giita quan tric
va md hinh HYCOM khoang 0,25°C.
Gié tri trung binh nim cta quan tric
bién ddi tuyén tinh giai doan 2000-2022
ciing khoang 0,0138°C/nam.

Tram Phti Qudc 14 tram nam & vinh
Théi Lan, cling 1a tram gﬁn xich dao
nhat. Nén su thay d6i nhiét do trong
nam cling dao dong khong nhiéu so voi
cac tram ven bd khac. Cac két qua tinh
todn trung trinh (ngay, thang va nam)
cling duoc thé hién (Hinh 9 dén Hinh
11). Su bién thién cua cac gi trj trung
binh ciia quan tric va mé hinh HYCOM
cling dugc trinh bay trong Bang 1.
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Hinh 8. Sé liéu trung binh ngay cua tram Son Tra giai
doan 2000-2022.

gg —+—(Qbs =——Hycom

Nhiét dé bé mat nwac bién
(o
N
~

01/01/2000
01/01/2001
01/01/2002
01/01/2003
01/01/2004
01/01/2005
01/01/2006
01/01/2007
01/01/2008
01/01/2009
01/01/2010
01/01/2011
01/01/2012
01/01/2013
01/01/2014
01/01/2015
01/01/2016
01/01/2017
01/01/2018
01/01/2019
01/01/2020
01/01/2021
01/01/2022

Hinh 7. S6 liéu trung binh ngay cuaa tram Pha Quéc giai
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doan 2000-2022.
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Nhung sy thay di nay khdng dugc manh mé va rd nhu cac tram c6 vi d6 cao hon. Nén nhiét
d6 trung binh cao hon va dat khoang 29,47°C (quan tric), 29,20°C (m6 hinh HYCOM) va
khoang 0,28°C (sai léch giita quan trac - md hinh HYCOM). Gia trj trung binh nim cau quan
trac cling dugc xem xét xu thé bién doi tuyén tinh trong giai doan 2000-2022 va dat khoang
0,0149°C/nam. Bén canh viéc danh gia truc tiép, cong viée danh gia do tin cdy théng qua cac
chi s6 ham twong quan va chi s6 hiéu qua NASH ciing duoc thyc hién va trinh bay trong
Bang 2 va Hinh 12.

Bang 2. Hé s6 twong quan (R) ciia nhiét d6 bé mit bién (°C) giita quan tric (Obs) va mo hinh
(HYCOM) tai mét s6 tram hai van giai doan 2000-2022.

Vi tri Trung binh Trung binh Trung\blnh Thye do
Tén tram nim thang ngay
Kinh d9 Vi do R NSE R NSE R NSE R NSE
Hon Dau 106°48’ 20°40° 0,950 0,796 0,995 0,985 0,983 0,964 0,978 0,953
Son Tra 108°13° 16°06° 0,854 0547 0946 0,893 0931 0866 0926 0,857
Phu Quy 108°56° 10°31° 0935 0,269 0981 0935 093 0851 0,852 0,709
Truong Sa 111°55° 8°39° 0,805 0,442 0930 0,792 0884 0,700 0,843 0,645
Con Pao 106°36° 8°41° 0,862 -0,172 0950 0,813 0,839 0,612 0,748 0,499
Phu QuéC 103°58’ 10°13° 0,815 -1,123 0,892 0,515 0,820 0,491 0,700 0,405
32 32 B 32
g 30 y = 1.04325x- 1.21408 T 30 Y= 0'23?%7;;331'38873 T30 | y-105547x-1.73467
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Hinh 12. Twong quan nhiét d6 bé mat nudc bién theo trung binh thang gitta quan tric va md hinh
HYCOM tai mot sb tram hai van giai doan 2000-2022.

Trong Bang 2, h¢ ) tuong quan cua nhiét do bé mit nudc bién gitra quan tric va mo
hinh HYCOM dat gié tri cao phd bién hon 80% ddi véi cac chudi s li¢u trung binh (ngay,
thang va ndm); 601 v6i chudi sb lidu thuc do, hé s tuong quan dat muec cao trén 80% ¢ cac
tram phia bic, mién trung va ngoai khoi. Con céc tram phia nam, h¢ s6 tuong quan nho hon
75% (tram Con Pao va tram Phi Quéc). Pay ciing 13 cac tram can dugc nghién ctru nhiéu
hon méc du bién d6 dao dong cua cac tram la nho hon ¢ cac vung bién khac. Hon nita, chi s6
NSE ciing thé hién tuong ddng voi hé s6 twong quan theo cac chudi so li¢u khac nhau. Trong

bang nay ciing cho thdy gia tri hé sé twong quan t6t nhat 1a chudi sb liéu trung binh thang
(Hinh 12).
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Dbi voi chudi sb liéu trung binh thang, tram Hon Dau cho thiy cac gia tri danh gia t6t
nhit v6i hé sb twong quan (R) 1a 99,5% va chi s6 hiéu qua (NSE) 14 0,985. Con tram Phu
Qudc ciing duge danh gia kém nhat véi hé so tuong quan (R) 1a 89,2% va chi s6 hiéu qua
(NSE) 1a 0,515. Cac tram con lai pho bién x4p xi hodc 16n hon véi hé sé twong quan (R) 1a
90% va chi sb hiéu qua (NSE) 1 0,8.

Hinh 12 thé hi¢n kha rd nét vé bién ddi theo vi d9 va tir bd ra ngoai khoi clia nhiét do bé
mat nudce bién véi sy dao dong 16n & phia béc (tram Hon Déu) va suy giam dan vé phia nam
(tram Pht Qudc) 13 nho nhat. Nhung gié tri 16n nhat hau nhu it thay doi van duy tri khoang
31°C. Con gi4 tri nho nhét tang dan tir vi d6 cao dén vi do thap va phd bién 16n hon 20°C &
khu vie Mién Trung.

Két qua danh gia cho thay c6 thé nghién ctru khai thac s6 liéu nhiét d6 bé mit nude bién
dé phuc vu nghién ctru lién quan trong khi s6 liéu do dac quan trac thuc té chua c6 hodc kho
khan trong viéc trién khai do dac thuc dia.

4. Két luén

Duya vao phuong phap thong ké da duoc sir dung trong nghién ctru nay dé danh gia nhiét
d6 bé mat nudc bién cho thiy:

Phan bd nhiét d6 bé mat nudc bién ciia mo hinh HYCOM trong khong gian khong dong
nhit va thay d6i theo mua. Bién do dao dong mua ¢ phia béac 16n nhat khoang 12°C (20-31°C)
va giam dan vé phia nam khoang 4°C (28-31°C). Nén nhiét nay ludén duy tri & mtc trén 27°C
dam bao cho hinh thanh va phat trién ciia xoay thuan nhiét ddi trén hau khap cac ving bién.
Ngoai trir vao mua dong va tir dong sang hé (khoang tir thang 11 dén thang 4 ndm sau) ¢ khu
vuc phia béc.

So sanh danh gia truc tlep gitta do dac quan trac va san pham md hinh HYCOM déi véi
06 tram hai van trong ving bién Viét Nam tir Bac xuéng Nam dién hinh nhu tram Hon Déu,
tram Son Tra, tram Ph Quy, tram Trudng Sa, tram C6n Dao va tram Pha Quéc. Nhiét do bé
mat nude bién da duoc danh gia theo cac chudi sé lidu trung binh (ngay, thang va nam) dat
két qua trung binh dao dong tir -0, 05°C dén 0,30°C theo xu thé ting dan tir vi do cao xuong
vi do thap. Nguoc lai, bién d6 dao dong c6 xu hudng giam dan tir vi do cao Xuong vi do thap.
Hon nita, cac két qua danh gia theo hé s6 twong quan (R) va chi s hiéu qua (NSE) theo chubi
s6 liéu thy do va trung binh (ngay, thdng va ndm) dat dugc muc do phu hop tbt. Gia tri hé s6
tuong quan (R) phd bién trén 70%, chudi trung binh thang tot nhat 16n hon 89%. Chi s6 hiéu
quéa (NSE) ciia chudi trung binh théng ciing cho gia tri tot nhat phd bién 16n hon 0,79, ngoai
trir tram Phti Qudc chi dat khoang 0,51.

Nhin chung, s6 liéu nhiét do bé mat nude bién cau mod hinh HUYCOM c6 thé khai thac
b6 sung thém vio co s& dir liéu dé phuc vu cac nghién ctru khac trong linh vyuc khoa hoc bién
c6 lién quan. Nhung ngudn sd liéu nay cung can co nhiéu nghién ctru nita va sé luong tram
so sanh ciing can ting 1én dé dam bao ngudn dif liéu nay co y nghia sat thyuc hon.

bong gop cia tac gia: Xay dung y tuong nghién coru: N.Q.T., N.M.H.; Lua chon phuong
phép nghién ctru: N.Q.T., N.Q.T., B.T.T.H.; Xtr 1y s0 li¢u: P.Q.N., N.Q.V.; Viét ban thao bai
bdo: N.Q.T., B.T.T.H., N.Q.V.; Chinh stra bai bao: N.Q.T., N.M.H.

Loi cam on: Tac gia xin chan thanh cam on dé tai “Nghién ctru vai tro clia cdc qua trinh vat
ly may va tuong tac khi quyén - dai duong d6i véi quy dao, cuong do bao Bién Pong
va du bao vung gié manh, mua 16n trong bdo khu vyc mién Trung” Ma s6: PTPL.CN-90/21
do TS. Nguyén Vin Hiép lam cha nhiém, Vién Vat 1y Dia cau - Vién Han 1am Khoa hoc va
Cong ngh¢ Viét Nam 1a co quan chu tri da hd tro dé thuc hién bai bao nay.

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 sao chép tir nhitng nghién ctru trude ddy; khong co
su tranh chap loi ich trong nhom tac gia.
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Abstract: In this article, research has been conducted on statistical characteristics and
analysis, evaluation and comparison of measurements and average data (daily, monthly and
yearly) at some stations between HYCOM model products and observational. The sea
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surface temperature (SST) was selected for comparison and evaluation is a main element in
the oceanography. The method applies statistical characteristics, correlation function (R)
and NASH efficiency index (NSE) to determine the agreement between observation and
simulation. The statistical results show that the average seasonal SST ensures spatial
distribution and changes over time. Comparative evaluation was performed and the best
monthly average data series results were obtained with correlation coefficient (R) greater
than 89% and common NSE index greater than 0.79, except for Phu Quoc station only
reached 0.51. This result exploits data on monthly averages of the HYCOM model quite
well for the northern and central seas of Vietnam. The southern sea region needs to be
carefully considered before use. Because there are still limitations, more research is needed
and the number of comparison stations also needs to increase to ensure this data source has
more realistic meaning.

Keywords: Sea Surface Temperature (SST); HYCOM model; East Vietnam Sea;
Correlation coefficient; NSE index.
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Tém tit: Nghién ciru nay gi6i thiéu phan mém TRIGRS va Scoops3D trong du béo truot
16 dat do mua. Theo d6, TRIGRS ngoai ding dé dy béo trugt 16 con duoc dung dé tinh phan
bb muc nude ngdm trong ting phu theo thoi gian. Scoops3D sau d6 ding phan bd muc nude
ngam tinh duoc dé danh gia 6n dinh mai doc theo khong gian ba chiéu. Phuong phap dé
xuit duoc ap dung dé phan tich diém trugt xay ra vao khoang 12:00 sang ngay 07/08/2023
& thung ling Mudng Hoa - thi tran Sapa. Két qua tinh cho thay tai thoi diém xay ra truot,
ca TRIGRS va Scoops3D du da chi ra dugc vi tri thuc té xay ra truot nhung déu dyu bao qua
s0 v6i vét trugt thyuc té. TRIGRS du bao qua vé dién tich vung bi truot, trong khi Scoops3D
du bao qua vé vung an toan. Sy trung khop gitta vét truot thuc t& v6i ving nguy hiém dy
bao boi Scoops3D t6t hon véi ty 1¢ tring khép 13 42% so voi ty 16 ciia TRIGRS 1a khoang
34%. Su sai léch trong két qua tinh toan c6 thé lién quan t6i cac gia thiét vé s6 lidu dau vao
va diéu kién ban dau trudc khi c6 mwa. Do d6, voi nhitng ving c¢6 du dit liéu tinh, phuong
phap dé xuat s& 1a mot cong cu manh trong du bao truot 1o dat do mura.

Tir khéa: Truot 16 dat; TRIGRS; Scoops3D; Muc nudc ngam; On dinh mai déc.

1. M& dau

Truot 16 dat 12 mot trong nhimg hiém hoa ty nhién giy ra nhitng mbi de doa dang ké dén
tinh mang con nguoi, co s6 ha tang va moi truong [1, 2]. Loai hinh tai bién dia chat nay Ia
nguyén nhan cua nhiéu thwong vong, thiét hai tai san va su gian doan cac hoat dong kinh té-
xa hoi trong cac khu vuc bi anh hudng. Viéc du bao chinh xé4c va kip thoi sy xuét hién cia
truot 16 dat dong vai trd quan trong trong viéc giam thiéu thiét hai, giup trién khai cac bién
phap phong ngira hiéu qua, bao dam sy an toan cho cudc séng ctia nguoi dan [3-5].

Trong nhimg nam gan day, di c6 mot sy gia ting dang ké viéc ap /dung cac cong nghé
tién tién va phuong phap moi nham nang cao kha ning du béo truot 16 dat [1, 6-8]. Mot trong
5O nhimg cach tiép can nay 1a két hop mo hinh ludi vat 1y v6i cong nghé anh vé tinh [8—11].
Su két hop nay da tao ra mot cong cu manh mé dé cai thién do chinh x4c va tinh hiéu qua cua
cong tac du bao truot 16 dat, dic biét 13 trong cac bai toan mo phong truot 16 dat do mua. Cac
mo6 hinh ludi vat 1y dua trén viée chia khu vuc nghién ctru thanh mét ludi cac 6 vubng dac
trung boi d§ phan giai cua ban do, trong d6 mat s6 dic tinh cu thé nhu dic trung vé dat, diéu
kién dia hinh, tham phu, dir li¢u nudc ngﬁm va mua duoc gan cho tung 6 luai [8, 11, 12].
Qua viéc phan tich twong tac gitta cac bién sd vira néu, mé hinh c6 kha ning mé phong va
danh gia kha nang xay ra truot 16. Phuong phap nay glup danh gia toan dién hon vé phan bd
khong gian va bién dong thoi gian ciia nguy co truot 16 dat, tir 46 nang cao do chinh xac trong

cong tac du bao trugt 16.
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Cong nghé anh vé tinh va vién tham hién nay dang déng vai tro then chét trong viéc thu
thap dir liéu do phan giai cao vé hién trang bé mit dét, chi s tham thuc vat va diéu kién mua
[10]. Qua cac k¥ thuat ndy, nhiéu thong tin ¢ gié tri vé dic diém dia hinh va cac yéu té méi
truong anh huong dén kha nang truot 16 ¢ thé duoc thu thap. Bang cach két hop dir liéu anh
vé tinh v4i moé hinh ludi vat 1y, cac nha nghién ciru co thé nang cao do chinh xac trong du
b4o va ghi nhdn sy twong tic phuc tap giita cac yéu td khac nhau c6 anh hudng t6i su xuét
hién cua truot 16 dét.

TRIGRS 1a phan mém két hop mé hinh thily vin va dia ki thuét trong tinh toan truot 1o
mai déc do mua. Phan mém nay két hop tinh dong chay ngdm do nudc mua véi viée dinh
tuyén dong chay tran trén bé mit va mo hinh 6n dinh mai doc vo han. Tir khi duoc cong bd
vao nam 2002, TRIGRS da duoc ding rong rdi ¢ rat nhiéu nudc trén thé gisi dé gitp dw bao
truot 16 dat do mua theo thoi gian thuc nhu & My, Trung Quéc, Italia, Han Qudc [2—4, 12].
O Viét Nam, nghién cliru [2] dé &p dung TRIGRS dé md phong truot 16 khu vyc Lao Cai. Tuy
nhién, do thiéu phan kiém chung két qua va dién tich viing nghién ctru qua rong nén van chua
thé danh gia dugc kha nang hay sy phu hop cia TRIGRS khi du bao trugt 1o dat do mua cho
cac khu vyc mién niii phia Bic & Viét Nam noi chiu anh hudng sau sac ctia diéu kién khi hau
nhiét doi.

Scoops3D dugc phat trién bai Cuc Khao sat Pja chat Hoa Ky, phan mém ding phuong
phap can bang gidi han (LEM) 3D va “phuong phap phan cot” dé xac dinh mat truot tiém
nang [13]. Trong truong hop nay la giao tuyen gilta cac mat cau v6i cac cot dat dugc dinh
nghia thong qua d6 phan gidi cua mo hinh s6 d§ cao (DEM). Véi mdi mat truot tiém nang,
Scoops3D sé tinh toan hé sb an toan chong truot theo mit trugt twong tmg. Piém tién bo cua
phan mém 1a kha ning chi ra tit ca cac khdi truot tiém nang cho toan by bé mat dja hinh dang
xét. O Viét Nam, nghién ctru [14] d3 dung Scoops3D dé mé phong diém truot ¢ thung ling
Muong Hoa nam 2019. Tuy nhién, tac gia da dung qua nhiéu céc gia thiét vé didu kién ban
dau va diéu kién bién dé don gian hoa bai toan.

Nghién ctru nay tmg dung va danh gia kha nang ap dung (c6 kiém chirng) mo hinh luéi
vat ly trong vi€c tinh toan du bao truot 1o dat do mua. Theo do, phan meém TRIGRS ngoal
ding dé tinh toan truot 1 dat con duge ding dé tinh toan su bién doi cua ap lyc nudce 16 rong
trong ting phu theo thoi gian do mua. Phan mém Scoops3D sau dé sir dung phan bé ap luc
nudce 16 rong vira tinh dwoc dé danh gia 6n dinh méai dc theo khong gian ba chiéu dudi dang
ban d6 phan bd hé s6 an toan. Chat luong cua ban dd phan bd hé s an toan trugt 16 duoc
danh gia thong qua viéc chong khép ban d6 du bao 1én ban do hién trang truot 16 & khu vuc
nghién ctru st dung chi s6 MSR (Modified Success Rate).

2. Phuong phap nghién ciru va s6 liéu tinh toin

Nhu da dé cép, ngoai viéc dung TRIGRS dé moé phong trugt 1o dat, nghién ctru con két
hop TRIGRS va Scoops3D d€ md phong bai toan trugt 16 dat do mua trong khong gian ba
chiéu dung md hinh s6 dd cao trich xuat tir dit liéu bay UAV. Hinh 1 thé hién so d6 cau trac
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Hinh 1. Cau tric nghién ctru 4p dung TRIGRS va két hop TRIGRS véi Scoops3D trong du bao
truot 1o dat.
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nghién ctru khi 4p dung mé hinh TRIGRS va két hop TRIGRS v&i Scoops3D trong du bao
truot & dat.

a) Co s ly thuyét bai toan tinh toan bién ddi ap lyc nudc 16 rong trong mai doc ding
TRIGRS

TRIGRS [8, 12] 1a m6 hinh mi ngudn md, mét chiéu (1D) di duoc &p dung rong rai dé
dy doan trugt nong do mua gay ra [2, 4, 8, 12, 15]. TRIGRS két hop mo hinh thuy van véi
mo hinh tinh 6n dinh mai déc vo han dé phén tich bai toan truot 1o dat do mua [12]. Phan
mém lan dau duoc gidi thiéu vao nam 2002 dua vao phuong phap khuyén nghi boi Iverson
[16] voi viée cho phép xét téi s licu mua theo thoi gian thyc. Trong phién ban moi hon
(TRIGRS 2.0), nghién ctru [12] da cai tién cong thirc 1D cia Richard dé tinh toan sy ngdm
nudc vao mai déc do mua dung hé truc toa do chuyén dbi [16] Lo1 giai giai tich cia cong
thire [17] khuyén nghi dé xac dinh lugng ngdm nudc vao trong tang phu khong bao hoa phia
trén myc nudc ngam.

TRIGRS cho phép m6 phong dong thim trong diéu kién bdo hoa hoic khong bao hoa
vao mai doc voi tang da khong thim & do sau vo han hodc hitu han. Can ¢ vao dic diém cua
khu vyc nghién ciru, md hinh tinh tham vao moi trudng dat khong bdo hoa ¢ thoi dlem ban
dau véi tang khong tham & chiéu sau hiru han duoc chon. Lya chon nay coi mat cét ngang
dia chat g6m 3 16p voi 16p dudi cling 1a 16p dat bao hoa nam dudi muc nudc ngam, tlep dén
la 16p dat bdo hoa do mao dan, va trén cung la 16p dat khong bao hoa gidi han bdi mat dat tu
nhién (Hinh 2). TRIGRS diing mé hinh thAm nudc ¢ xét anh huong ctia su bién doi cot nude
&4p P 12 ham s6 ciia do siu Z va thoi gian t theo mé hinh thity van [16]:

20 _ [y L ov
at _8Z[K(W)(00528 oz 1)} @

Trong d6 0 la do am thé tich cua dat; t 12 thoi gian (s), z 1a d sdu diém tinh (m), K(*t)
12 ham thdm (m/s) theo phuong dung, 5 la goc ddc, va P 1a ap lyc nude 16 rdng (kPa). Loi
giai cua cong thire trén va cac dién giai chi tiét hon vé mé hinh TRIGRS dugc trinh bay trong
tai liéu dién giai vé mo hinh [12].

/

mit dAt : o,
vung khéng ¢

4, bdohoa .7

murc neoc

max

bién khong
tham

Hinh 2. Cac diéu kién bién gia thiét trong bai toan tinh thim nudc do mua dung TRIGRS.

Trong cong thure (1), su phu thudc cua hé s6 thim K(y) vadd am thé tich 6 vao cot nudc
ap trong cong thirc ciia Richard dugc mo ta bdi cac moi lién h¢ sau:

K(y)=Ks exp(oc\u*) (2

0=0,+(05s—6, )exp(oy’) ©)
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Trong cong thirc (2) va (3), U* = ¥ — Y, voi P, 13 hé s6 nhu dinh nghia dudi day, K
1a hé sé thim bao hoa theo phuong Z, 6, 13 d6 4m thé tich du, va 04 1a do am thé tich bao
hoa. Tham sb o dic trung cho phan bd kich thude 16 rdng trong dat hay c6 thé hiéu day 1a do
giam hé s6 thAm hodc d6 4m cua dit khi Y < 0. a duoc ude luong béng cach khop cong thirc
(3) vao duong cong dac trung dat nuée. P, = —1/a, thé hién chidu cao cta cot nude mao
dan phia trén muc nude ngam. Dé hiéu chi tiét vé cong thue (1) cling nhu cach dién giai cho
cong thire nay, c6 thé tham khao thém trong huéng dan str dung boi [12].

TRIGRS ap dung phuong phap D8 dé dinh tuyén dong chay tir 6 ludi nay sang cac 6
xung quanh. M6 hinh tinh luong ngam I vao mdi 6 ludi la téng cua luong mua P va lugng
chay bé mit tir tit ca cac 6 xung quanh, Ry voi gia thiét ring lvong ngdm nude I vao mot 6
lu6i khong vuot qua hé sb tham bao hoa Ks ciia 6 d6. Dong chay mat s& xuat hién khi diéu
kién nay khong dam bao. Trong ca hai trudng hop, lugng tham nudc dugc xac dinh theo:

I=P+RynéuP+R, <Kj @)
=K, néuP + R, > K (5)

O mbi 6 luéi khi P + Ry > Ks, lugng nude vuot nay sé duoc coi 1a dong chay mit, Rq, va

1ap tirc dwgc chuyén sang cac 6 ludi lién ké xung quanh theo hudng dbc
Rg=P+R,—Kg,néuP+R, —K;>0 (6)
Rqy=0,néuP+ R, —K; <0 (7

b) Panh gia n dinh mai déc dung TRIGRS

Vung nghién ctru dac trung boi mo hinh s6 d6 cao duoc chia thanh céc 6 lugi. Mbi 6 dic
trung cho mot cot dat véi kich thude 1a d6 phan giai ctia ban dd sir dung va chiéu day la chiéu
day cua tang phii phia trén nén khong thim. Bo qua luc tuong tac gitra cac cot dat ké nhau,
sy an toan 6n dinh cua mot cot dat bat ky ¢ thoi diém xéac dinh tai d6 sau Z duoc dic trung
boi hé sb an toan Fs 14 ty s6 giira sirc khang ma sat Coulomb va cac thanh phan tmg suét gy
truot do trong lyc [18]:

Fs(z't):

Trong d6 ¢’ 12 Iyc dinh hiéu qua ctia dat; AC 12 lyc dinh thuc do sy hién dién cua d& cay
trong dat, ' 12 goc ma sat trong hiéu qua, P 1a cot nude ap 1a ham sb cta do siu Z va thoi
gian t; & 1a goc dbc; v, 1a trong lugng riéng ciia nude, v, 1a trong lugng riéng cia dét.

¢) Panh gia 6n dinh méi dé¢ dung Scoops3D

Scoops3D duoc phat trién boi Cuc Khao sat Dia chat Hoa Ky, phan mém dung phuong
phap can bang gidi han (LEM) 3D va “phuong phap phan c6t” dé xac dinh mat trugt tiém
nang. Trong treong hgp nay la cac giao tuyen gita cac mat cau V01 cdc cot dat dugc dinh
nghia thong qua d¢ phan giai cia mo hinh s6 d6 cao (DEM). Véi m01 mit truot tiém nang,
Scoops3D sg tinh toan h¢ s6 an toan chéng truot twong tng. Dlem tién bo clia phan mém la
c6 thé xét anh hudng ciia bé mat dia hinh thong qua mo hinh sé d6 cao va chi ra tat ca cac
khdi truot tiém niang cho toan bo bé mit dia hinh dang xét.

Scoops3D gia thiét sy can bang luc va md men xay ra ¢ tat ca cac cot dat cing nhu voi
toan bo khdi trugt. Phan mém phan tich mat pha hoai dang chom cau bang cach mo rong ly

thuyét Bishop don gian vao khong gian ba chiéu. Theo d6, hé s6 an toan 6n dinh duoc xac
dinh theo:

tan ® (C' + AC)—\U(Z, t)y, tan @
tand " v,2Z5in 350S4

(8)

) DRy, [ci'jAh” +(Wi,- —U; A, )tan CD”}/ m, )
> w i (Ryjsina; +kye )

eqi.j

Trong d6 Anj; 14 dién tich ngang ciia mit trugt gia dinh ¢ dy cua cot dat (i, j); Rgj) 1a
canh tay don cua lyc khang truot hodc la ban kinh mat trugt; W;; dac trung cho trong lugng
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cua cot dat (1, J) phia trén mat truot; o;; dac trung cho huéng dbc thuc cua day cot dét theo
hudng truot; Keq 1‘2‘1 hé sb gia téc dong dét theo phuong ngang, ej; la cér}h ta}y don cua lyc mo
men luc ngang (bang khoang céch theo phuong ngang tir tdm cua cft dat dén cao do cua truc
quay), va mg,; = cosg;j + (sinayjtand; ;) /Fszp; voi &= goc doc thuc cia mat trugt tinh
toan va mdt ngang nhu mé ta trong Hinh 3. Can chd y rang, cac gi tri c¢6 thém ky hiéu (i, j)
c6 thé thay doi tir cOt nay sang cdt khac.

z v
A huwong phuong vi
cla mat treot &

|
|
t
|
|
Mat ngang 7/| " 27
tham khao ™ I Chu thich

-~ A
Yo O Mit truot gid dinh
/ ! i <— hudng truot

| huwdng phuong vi

Hinh 3. So d6 tinh 6n dinh mai dé¢c ding Scoops3D [14].

d) Khu vuc nghién ctru
Vao khoang 12:00 sang ngay mung 7 thang 8 nam 2023, trén tinh 16 152, tai Km9+180
xdy ra mét vu trugt 1o dat nghiém trong lam khoang 4700 m® dit tir taluy duong trugt xudng
duong giy tic nghén giao thong trong nhiéu gio. St vi tri ndy, ngay 05/08/2019 ciing timg
103°54'E 103°54'3"E

&3 Vét truot nam 2023
C3 Vét truot nam 2019

22°18'15"N

ILAO CAI

22°18'12"N

SAPA - LAO CAI

0 10 20 40

Meters

103°'E 103°54'3"E
Hinh 4. Vi tri diém nghién ctru va vét truot x4c dinh dwoc tir khao sat thuc dia v& trén anh UAV.
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xay ra trugt 16 1am 01 nguoi chét. Vu trugt dat xay ra 1a két qua cta dot mua 16n kéo dai
trong nhiéu ngay khién vat liéu phia ta luy duong trén ddi bdo hoa nudc. Hinh 4 thé hién vi
tri diém truot va quy mo khbi truot.

e) Cac tai liéu can thiét ding cho tinh toan

Nhu phén 16n cac mo hinh toan khac, viéc cung cép da va ddm bao dg tin cdy cua céac
thong s6 dau vao chinh 13 rao can 16n nhat dé c6 két qua chinh xac khi ding TRIGRS hay
Scoops3D dé md phong bai toan trugt 1 dat. Cac thong sd dau vao chinh ciia TRIGRS va
Scoops3D gom: 1) Cac dic trung vé dia hinh thé hién qua mé hinh s6 d6 cao, ban db d6 déc,
hudng dc, hucng dong chay; 2) Phan b6 chiéu day tang phu; 3) Phan bd 4p Iy nude 16 rong
theo khong gian tai thoi dlem tinh toan; 4) Phan b theo khong gian mét s6 dac trung co hoc
cua dat gdm stc khang cit, trong luong riéng, hé sé tham cua dat. Phan nay s& trinh bay chi
tiét cac tai liéu can thiét phuc vu tinh toan truot 1& dét khi dung TRIGRS va khi két hop
TRIGRS va Scoops3D.

Hién nay, do su phat trién cua cong nghé anh khong gian va hang khong, cac ban d6 mé
hinh s6 d6 cao (DEM) dang ngay cang chinh xac va c¢6 d¢ phan giai tot hon. Nghién ctru nay
nay diung DEM v&i do phan giai 1,0 m xuét tir anh bay UAV. Hinh 5 thé hién phén cip cao
d6 khu vire nghién ciru. Tir m6 hinh s6 d6 cao, ding phan mém ArcGIS c6 thé tinh dugc ban
dd d6 ddc va hudng dong chay mat. Két qua tinh duoc thé hién trong Hinh 6.

103°54'2"E 103°54'3"E 103°54'4"E

z
kel
=
S
5
&
o~

22°18'12'N

Pécaodiahinh (m) [ ]1,014-1,018 [ ]1,024-1,028
[ 1,008 - 1,013 [11,019-1,023  [1,029 - 1,034

Hinh 5. M6 hinh s6 d6 cao cua khu vuc nghién ciru.

DPodécdiahinh °) MM37-11 | [16-18 [ 24-30 Hwongdongchay [04 [N 16 L_le4
[12-15 @M 19-23 ME31-38 s 32

Hinh 6. a) Phan b d6 déc va b) huéng dong chay theo khong gian.
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Dinh nghia chinh x4c chiéu day tang phi lam thong s dau vao cho TRIGRS va
Scoops3D c6 vai trd quan trong anh hudng chat lugng cua két qua ban dd phan bd hé sb an
toan. Tuy nhién, viéc xac dinh phan bd chiéu day ting phi trong khong gian 1a mot ham sé
phu thudc vao rat nhiéu cac yéu t6 nhu diéu kién thach hoc bén dudi, do dbc mai, loai tham
phu phia trén,...Do véy, viéc uoc lugng phan b chidu day tang phii dén thoi dlem hién tai
van la mot thach thire [3, 15, 19]. Két qua khao sat hién truong cho thay mit cit dia chit ¢
khu vyc nghién ctru dugc dic trung bai 2 16p: 16p phii tan tich phia trén va 16p d4 it tham bén
dudi (Hinh 7a). Cac diém truot ting xay ra & khu vic nghién ciru va vang l4n cén cho thiy
tang phil tan tich co chiéu day tdi da khoang 6,0 m. Do do, theo khuyén nghi ctia mot 5O
nghién ctu [1, 3, 20], trong nghién ctru nay gia thiét chiéu day tang phu phan bo tuyen tinh
theo d6 doc. Theo do, ap dat diém c6 do doc t01 da s€ ung voi bé day tang phii t6i thiéu (0.1
m), va diém c6 do ddc t6i thiéu s& co bé day tang phu toi da (6.0 m). Két qua tinh phan bd
chiéu day tang phu tuong g duoc thé hién trong Hinh 8.

Hinh 7. Mt phé hoai ¢6 sy hién dién ctia a) 16p da it thim va b) nudc tir ting ph ri ra.

103°54'2"E 103°54'3'E 103°54'4"E

22°18"13"N

22°18'12"N

chiduday (m) [ 35-38 B 43-45 [ 49-5 [l53-54
Bl zo-42 46-48 lls1-52 ls55-58

Hinh 8. Phan b chiéu day ting phu & khu vic nghién ciu.
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Chi tiéu co Iy cua dat dung trong phan tich 6n dinh mai déc 4p dung TRIGRS va
Scoops3D gom sirc khang cét clia dat dic trung boi luc dinh (c), géc ma sat trong (¢), trong
luong don vi cua dat (y), va cac dic trung vé thim cua dat. Bé xac dinh céac thong sb nay,
cac mau dét duoc 14y tai cac vi tri 1an cn mit truot dé tién hanh thi nghiém trong phong. Két
qua thi nghiém duoc thé hién trong Bang 1.

Trong khu vyc nghién ctru cling nhu nhiéu noi khéc trén thé gidi, mua duoc xem la
nguyén nhan phd bién nhét giy ra hién tuong truot 1o dat [4, 14]. Khi mua thdm vao ving
khong bdo hoa cua dat trong mai dbc, muc nuéc ngam trong mai déc clng c6 xu huong dang
1én. Su thim nudc nay. dan dén sy ting muc nudc ngam trong méi ddc, 1am gia ting ap luc
nudée trong 16 rdng. Diéu nay giam di strc khang cit cua dit va co thé kich hoat truot 16 dat
[21]. TRIGRS cho phép nhap dif liéu mua 1a cac ban d6 phan bd mua trong khong gian va
theo thoi gian thuc. Tuy nhién, do dbi twong nghién ciru chi 1a mot diém truot, ching toi gia
dinh mua phan bd déu trong khong gian vai cudng do va tong lugng mua 1a dir liéu thuc do.
Hinh 9 thé hién dit liéu mua tai tram do Ta Van, cach diém nghién ctru khoang 1,2 km ¢ thoi
diém trudc, trong va sau khi xay ra su kién trugt 16 dat.

Bang 1. Bang céc chi tiéu co 1y cua dét dung trong tinh toan.

Théng s6 Ponvi  Gia tri trung binh
Trong lugng riéng y kN/m3 18,1
Géc ma sét trong @ © 14,3
Luc dinh ¢ kN/m? 16,9
Heé sb thdm bdo hoa m/s 3,77 x 107°
Do am thé tich bao hoa O 0,45
D6 4m thé tich du 6, 0,15
60 —— 250
@8 Cudngdomua mm Theididm truot
Mua tich IOy
ASO - 200
Q
5
g€ 40 .
E L 150 E
o E
g 30 =)
‘i L 100 §
5 20 E
© - 50 E,
10 &
=]
o—th . )
o LA — - L0

20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14 20 02 08 14
02,thang 8 03,thang8 04,thang8 05, thang8 06, thang 8 07, thang 8 08, thang 8
Thoi gian ( gi&)
Hinh 9. S§ liéu mua quan tric tram do mua Ta Van & thoi diém trudc, trong va sau sy kién truot 16
(Truot 16 xay ra vao khodng 12:00 sang ngady mung 7 thang 8 nam 2023).
3. Két qua va thao luin

3.1. Xdc dinh phdn b6 muec nwée ngam trong mai déc do mua dimg TRIGRS

Theo két qua khdo sat hién truong sau khi xay ra sat 1o dét, trén mat trugt quan sat duoc
nhiéu vi tri bi sting nudc (Hinh 7b), Do do, c6 thé gia thiét rang muc nude ngam tai thoi diém
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khi mua bit du trung v6i ranh giGi gitta 16p phu va bé mit 16p da khong thim (Hinh 7a).
Duéi tac dung cua mua, myc nudc ngam trong mai déc s& c6 xu hudng dang 1én. Két qua
tinh mat do ap dai dién cho phan bd muc nude ngam trong diéu kién thuy tinh dudi bé mit
dia hinh tai thoi diém quan trac duoc trugt 16 s& duoc dung 1am dit liéu ddu vao ciia Scoops3D
trong du bao truot 1o dat.

Tur diéu kién ban dau da thiét lap, két hop véi sb liéu quan tric mua theo thoi gian thuc
(Hinh 9), TRIGRS s& tinh lai su phan bd muc nuéc ngdm. Hinh 10 thé hién két qua tinh phan
bd muyc nude ngam tai thoi diém khi truot 10 xay ra ic 12:00 sang ngay 07/08/2023.

Mwc nwéc ngam (m) 1,009-1,013 [ 1,019-1,024
I 1,004 - 1,008 " 11,014-1,018 | 1,025- 1,030

Hinh 10. Phan bd muc nuée ngﬁm & diém nghién cttu tai thoi diém khi sat truot xay ra lac 12 :00

sang ngay 07/08/2023.

Co thé théy rang trong sudt qua trinh mua, muc nudc ngdm trong mai dbc ¢6 xu huéng
dang cao dan. Tai thoi diém khi sat 10 dat xay ra, duong muc nudc ngam trong mai ddc dang
cao gan nhu tring voi cao trinh mat dat ty nhién. Diéu nay ly gidi nguyén nhan gay ra sy kién

truot lqdat trong thuc té. Phan ‘gep theo, TRIGRS va TRIGRS két hop v6i Scoops3D sé dugce
dung dé tinh toan phan bo hé¢ so an toan 6n dinh mai doc theo khong gian.

3.2. Xdc dinh phdn bé hé sé an toan theo khéong gian

Két qua quan trong nhat cta ca TRIGRS va Scoops3D 12 ban d6 thé hién hé sé an toan
6n dinh truot FS. Hinh 11 thé hién so d6 phan b hé s6 an toan 6n dinh mai doc cho diém
nghién ctru khi @) tinh theo TRIGRS (md hinh mai déc vo han 1D), va b) tinh theo Scoops3D
(md hinh can bang gi6i han 3D). Cac khoang phén loai gia tri FS dugc chia theo TCVN
13346:2021 [22]. Theo do, v6i cac mai déc tiéu chudn duong giao thong nong thon, hé sé an
toan 6n dinh FS = 1,15 1a gia tr ngudng phan biét gitra vung an toan (FS>1,19) va vung
khong an toan (FS < 1,15). Hinh 12 thé hién hinh anh tryc quan vét truot thuc té, ving co
nguy co trugt du bdo boi TRIGRS va Scoops3D.

Két qua tinh trén Hinh 11 cho thiy, ciing nhu cac nghién ctru tung ap dung TRIGRS [2,
13, 18-19, 23] hay Scoops3D [3, 14, 17, 24, 25] aé du bao truot 16 dat, mac du ving khong
an toan tinh toan tai thoi diém truot va vét truot thuc té chua hoan toan khép nhau nhung vé
co ban, ca TRIGRS va Scoops3D déu d3 du bao kha sat vi tri diém truot & tai thoi diém quan
sat théy truot 16, V& mat téng quan, TRIGRS c6 vé du bdo quéa vung bi trugt khi dién tich
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ving dugc xép vao nhom khong an toan rong hon nhidu so v6i Scoops3D. Diéu nay sat véi
logic vé cac gia thiét duoc sir dung khi phan tich 6n dinh mai déc theo mé hinh 1D (TRIGRS)
va 3D (Scoops3D). Chi tiét vé chat luong cua két qua dy bao trugt 16 dat ciia ca 2 mo hinh
s& duogc thao ludn k§ hon trong phan dudi day.

Hé s6 an toan (FS) M <1.15 [ Vét truot thuc t& HE s6 an toan (FS) Bl < 1.15 [ Vét truot thyc té
[ >1.15 [ 1>1.15

Hinh 11. Ban d0 thé hién phan b6 hé sb an toan tinh theo a) TRIGRS va b) Scoop3D theo
khong gian tinh tai thoi diém maéi doc bi sat trong thyc té.

3.3. Pdnh gid két qua tinh todn

Dé danh gia chat luong ctia ban d6 phan bd FS vira du toan, két qua tinh s& duoc so sanh
v6i vét truot thyc té thong qua chi s6 MSR (Modified Success Rate) duoc phét trién boi [26].
Theo d6, két qua trén Hinh 11 14 ban d6 dang raster thé hién phan b hé s an toan theo khong
gian. So sanh giira két qua tinh toan theo 1y thuyét va thuc té vét truot, c6 thé phan nhdm céc
6 ludi trong ban d6 phan bd hé sb an toan (Hinh 11) ra lam 4 ving: 1) sb 6 bi truot thyc té
duoc du doan 1a trugt (AUU); 2) s6 6 trugt thyuc té xay ra trugt (TAU); 3) sb 6 thyuc té an toan
dugc dy béo 12 an toan (ASS); 4) s6 6 an toan thuc té (TAS). Theo d6, nghién ctru [26] dinh
nghia chi s6 MSR nhu sau:

MSR =0,529Y , 0 5455 (9)
TAU

TAS
Trong cong thirc (9), c6 thé thay gia tri MSR thay d6i tir 0,0 dén 1,0. Theo nghién ctru
[26], ban dd du doan FS sé& c6 do chinh xéac cao nhat khi 0,8 < MSR < 0,9. Khi MSR < 0,8,
két qua bi “du doan qua“ (overpredlctlon) ngugc lai khi MSR > 0,9, két qua dy doan 1a thiéu
(underprediction). Bang 2 thé hién két qua tinh chi s6 MSR cho Hinh 11a, 11b.

Bang 2. Két qua tinh ton chi sé MSR (thém 1 dong thé hién Success Rate (SR = AUU/TAU).

Thong b Pon vi Pon vi
(Scoop3D) (TRIGRS)
AUU 677 545
TAU 1621 1621
ASS 3656 3825
TAS 3825 4361
SR 0,42 0,34

MSR 0,69 0,59
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[ Vét truot thuc té
] Vung nguy co truot du bao boi TRIGRS
~ Vung nguy co trugt du bao boi Scoops3D

Hinh 12. Ban d6 ving du b4o nguy co bi truot dét sir dung TRIGRS va Scoop3D trén anh chup tir
thiét bi bay UAV.

Tir két qua trén Bang 2 o thé thiy ca TRIGRS va Scoops3D déu du bao qua so voi vét
truot thuc té. Trudng hop cua TRIGRS 1a du bao qua vé dién tich ving bi truot, con trudng
hop cua Scoops3D la du bao qua vé ving an toan. Tuy nhién, Scoops3D cho két qua dy doan
vé pham vi khdi truot t6t hon khi khoang 42% s6 6 ludi trong khdi truot duoc du doan chinh
X&c so vai cua TRIGRS 1a khoang 34%.

4. Két ludn

Nghién ciru ding TRIGRS va két hop TRIGRS va Scoops3D dé phén tich 6n dinh mai
déc cho khu vue nghién ciru do mua. Trong d6, TRIGRS ngoai viéc dung dé phan tich trugt
10 @it con duoc ding dé tinh sy bién d6i phan bd muc nudc ngam trong tang phu g véi s6
liéu mua thyc do theo thoi gian. Trang thai myc nudce ngam tai thoi diém truot 16 s€ duoc
trich xuat va ding lam mat trong nhitng théng s dau vao ciia Scoops3D dé danh gia on dinh
mai doc. Pé kiém ching chét luong cia mo hinh tinh, ban dd hé s6 an toan du doén theo ca
TRIGRS va Scoops3D dugc so sanh v6i vét truot thyuc té xay ra vao ngdy mung 7 thang 8
nidm 2023 dung chi sé6 MSR.

O thoi diém xay ra truot 16, ca TRIGRS va Scoops3D déu du doan kha t6t vi tri xay ra
truot du két qua du bao 12 “qua” so véi vét truot thuc té. Trudng hop ctia TRIGRS 1a du bao
quéa vé dién tich ving bi truot, con trudng hop cta Scoops3D 1 du bio quéa vé ving an toan.
Tuy nhién, su sai khac trong két qua tinh toan c6 thé do viéc str dung cac gia thiét vé s lidu
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dau vao nhu phan b chiéu day ting phu, phan bd muc nude ngdm & thoi diém ban dau, ciing
nhu phan b chi tiéu co 1y cua tang phu theo khong gian chua hop ly. Ngoai ra, viéc bo qua
dién tién cua khéi truot sau khi sy mat 6n dinh xay ra 6 mot vung cu thé cling c6 thé 1a nguyén
nhan 1am cho Scoops3D su dy bdo qua vé ving an toan hoic TRIGRS du bao qua vé ving
bi truot.

Két qua ctia mé hinh tinh ap dung TRIGRS hay két hop gitra TRIGRS va Scoops3D déu
rat nhay voi diéu kién thdm 6n dinh ban dau ciing nhu do tin cdy cua sb liéu dau vao. Do do,
yéu tb quan trong nhit dé giam sai s6 ctia mo hinh tinh 13 d6 tin cdy cta s6 liéu dau vao va
viéc thiét 1ap diéu kién ban dau. Diéu nay doi hoi khéi luong 16n cac diéu tra hién truong.
bay cling 1a mét trong nhimg nhugc diém cua viéc tmg dung cac m6 hinh ludi vat ly trong
du bao truot 16 dit do mua. Ngoai ra, co thé xay ra tinh huong khi mét vj tri bi sat co thé 16i
kéo cac vi tri khac bi sat theo. Do d0, trong twong lai, van can c6 cac nghién ctru sdu hon dé
danh gia dién tién khéi truot theo thoi gian dé mé ta duge chinh xac ban chat va quy mé thuc
té cua khéi truot.
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Abstract: This study introduces the TRIGRS and Scoops3D software in the prediction of
rainfall-induced landslides. In this regard, TRIGRS was not only employed for landslide
prediction but also used to simulate the distribution of the groundwater level within the soil
cover layer over time. Subsequently, Scoops3D utilized the calculated distribution of
groundwater table to assess the three-dimensional stability of the slope in the research area.
The proposed method was applied to analyze a landslide occurrence around noon on August
7,2023, in the Muong Hoa Valley - Sapa town. The results indicated that both TRIGRS and
Scoops3D accurately identified the location of the landslide at the observed time of landslide
occurrence. However, they overestimate it. TRIGRS overestimated the sliding area, while
Scoops3D overestimated the safe zone. The alignment between the actual landslide scar and
the hazard zone predicted by Scoops3D was better, with a matching rate of 42%, compared
to TRIGRS, which had a matching rate of approximately 34%. Discrepancies in the
computational results may be related to assumptions regarding input data and initial
conditions before rainfall. Therefore, for regions with sufficient computational data, the
proposed method will be a powerful tool in predicting rainfall-induced landslides.

Keywords: Landslide; TRIGRS; Scoops3D; Groundwater table; Slope stability.
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