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MUC LUC
Bai bao khoa hoc
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Bai bdo khoa hoc
Nghién ciru dac diém sinh hoc va phan bo ngu treong mue la dai
dwong ¢ vung bién Viét Nam
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Tém tit: Muc 14 dai duong (Thysanoteuthis rhombus) la dbi tuong it duoc qua tam nghién
ctru & Viét Nam, nén cac thong tin vé phan b va sinh hoc con thiéu. Dua trén 60 mau muc
14 dai duong (Thysanoteuthis rhombus) duoc thu thap ngau nhién trén tau cau muc va sb
liéu s6 nhat ky khai thac tir 03 nghé (nghé cau ca ngir dai duong, 1udi chup va cau tay muc)
trong thoi gian tir thang 6 dén thang 12 nam 2023. Bing phuong phép phan tich, xu ly s6
liéu thuong quy da xac dinh duoc loai muc 14 dai dwong & bién Viét Nam c6 phuong trinh
tuong quan chiéu dai khéi lugng tuan theo ham mii, v&i hé s6 a = 2x10° va b = 3,0895.
Thirc an cha yéu cliia myc 14 truong thanh 1a nhém ca xuwong va nhém chan dau. Phép phan
tich khong gian tur so nhat ky khai thac dé xac dinh dugc ngu truong khai thac myc la nam
& viing bién dic quyén kinh té cia Viét Nam tir vi d6 8°30° - 17°00°N va kinh d6 108°00” -
115°00°E. Ngu trudng khai thac chinh & phia tay quan dao Hoang Sa dén khu vuc Bic Trung
B, khu vuc giita Bién, khu vyc tir Dong Nam dao Phi Quy va khu vuc quan dao Truong
Sa.

Tir khéa: Muc 14 dai duwong; Ngu truong muc 14 dai dwong; Pic diém sinh hoc.

1. Mé dau

Muec 14 dai duong (Thysanoteuthis rhombus) 1a loai phan bé & cac ving nuéc nhiét dgi
va can nhiét déi noi ¢6 do sau 16n hon 400 m [1, 2]. Ca thé myc truong thanh thudng phan
b & tang nudc tir 200-600 m vao ban ngay va di chuyén dén ting nudc phia trén sau khi mit
troi 1an, trong khi con non séng ¢ vung nudc néng hon [3]. Lodi muc ndy co thé phat
trién chiéu dai vay lung dat t6i 100cm, khdi lurgng cao nhat danh bét dugce dat 30 kg [3], thire
an chinh la ca, giap xac, dong vat than mém nho [4]. Can cr vao s6 liéu sinh hoc va thong tin
khai thac tir nghé c4, cac nha khoa hoc d mo ta phan bd ctia chung theo chidu rong va chiéu
thang dting nhu: & ving bién Nhat Ban [1, 5], & ving bién Philiphine [6], khu vuc giita Thai
Binh Duong, bién A rap, Chau Uc ... miia vu khai thac chinh ¢ Nhat tir thang 2 dén 7 [7].

O Viét Nam, loai myc 14 dai duong dugc ghi nhan thudng xuyén bét gip trong céc
chuyén diéu tra bang nghé ludi ré va cau vang O vung b1en xa bd mién Trung va giita Bién
bong [8-10]. Do loai nay khong phai la d6i twong chinh can thu thap nghién ctru nén khong
¢6 nhiéu thong tin vé phan bd va dic diém sinh hoc. Tuy nhién, két qua tong hop tir cac cong
trinh trude day cho thay, loai muc 14 ¢ nude ta chi yéu duoc khai thac khong chu y tur cac
nghe nhu: nghé cdu muc xa, cau ca nglr dai duong va ludi chup ¢ ca tinh mién trung tir ba
Néng dén Khanh Hoa [11, 12]. Thoi gian khai thac myc 14 nhiéu nhét tir thang 2 dén théng 6
hang nam.
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C6 thé noi, loai myc 14 nay & nudc ta con it duge quan tim nghién ciru, nhét 1a thong tin
Vé sinh hoc va phan bd cua chung. Can ctr vao nhirng van dé trén, chung t61 da dua trén ngudn
s6 lidu duogc thu thap ngiu nhién tir cac chuyén giam sat khai thac va sd nhat ky khai thac
ctia nghé cau ca ngu dai duong, nghé ciu muc va nghé ludi chup tur thang 6-12/2023 tién
hanh phan tich, tong hop nham gop phan b6 sung cac thong tin vé phan bd va sinh hoc cua
muyc la 6 Viét Nam. Trong d6, dac diém sinh hoc muyc 14 13 can cir dé xac dinh mdi ciu, do
sdu tha cdu con phan bd 1am co s dé xac dinh ving khai thac chinh, giup doi tau nang cao
kha nang khai thac.

2. Phuwong phap nghién ciru
2.1 Thu mdu

- Pham vi thu mau: duoc giéi han tir 8°00” - 17°30°N va 107° - 115°00°E (Hinh 1).

- Mau da day cia muc 14 dai duwong (Thysanoteuthis rhombus) dugc thu ngau nhién tir
cac mé ludi trén tau cau muc (Hinh 1). Trudce khi tién hanh giai phau dé 1ay da day, cac ca
thé myc 14 dai dwong duoc can khoi lugng (W) v6i do chinh xac dén 1g, va do chicu dai 4o
muyc (ML) v6i d6 chinh xdc 1 mm. Mau da day sau khi thu duge ¢b dinh va bao quan trong
dung dich formol 10% dé dua vé phan tich trong phong thi nghiém. Téng s6 mau do chiéu
dai 1a 60 mau va thu 26 mau da day tai 20 mé (20 vi tri khac nhau) (Hinh 1).

- S6 nhat ky khai thac dugc thu tir dgi tau cau muc, ca ngu dai duong tir Ba Nﬁng dén
Khanh Hoa & mot sd cang ca chi dinh. S6 ¢6 cac chi s6 vé s tau, thoi gian khai thac, vi tri
khai thac, san luong khai thac chung va san luong khai thac myc 14 dai dwong. Thoi gian tién
hanh thu tir thang 6 dén thang 12/2023. Tong sb tau di tham gia cung cap so 14 45 tau, trong
d6 tau cAu muc: 30 sd, tau ciu ca ngu dai duong 1a 15 tau. Bén canh do con st dung thém 03
chuyén giam sat khai thac trén tau ludi chup dugc thu thap boi nhiém vu: Piéu tra ngu trudng
2021-2023. Cac chuyén giam sat khai thac dugc thuc hién 7/2023, 9/2023 va 11/2023.
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Hinh 1. Vi tri thu mau muc 14 dai duong (bén trai: vi tri thu mau da day, n =20; bén phai: vi tri khai
thac tir s6 nhat ky khai thac).

2.2. Phan tich tai phong thi nghiém

- Xac Qinh dd no: Do no cua da day (fullness index - FUI) dugc xac dinh theo Nikolski
[13], bao gom: i) Béc 0: khong c6 thirc &n; ii) Bac 1: c6 mot it thirc an; iii) Bac 2: Thuc an
chiém 1/2 da day; iv) Bac 3: Lugng thic an trong da day day nhung vach da day chua n6 to
ra; v) Bac 4: Da day day thac an va no cang ra.
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- Xac dinh thanh phan thirc an:

Mau da day dugc cit doc theo chidu dai da day, phan thirc dn duoc can véi do chinh xac
den 1 mg va duoc gir lai trén dia petri de phén tich. Lam lodng thire an béng nudc cat. Vat
moi duoc phan nhom, can va dém tan suat xuat hién trong mau do. Cac loai vat moi bit gip
trong da day dugc xac dinh bac phan loai thap nhét c6 thé, tuy thudc vao murc do tiéu hoa.
Céc thao tac duoc thuc hién trén kinh hién vi soi noi.

Thanh phan thtrc in trong da day ctia muyc 14 dai dwong Thysanoteuthis rhombus thuong
bi phan manh trong cac giai doan tiéu hoa khac nhau, do do rat it khi con mdi con nguyén
ven. Khi con moi khong con nguyén ven thi viéc xac dinh d6i voi nhom dong vat giap xac
co. thé duoc phan loai dva trén cac manh xuong ngoai, mit va thit mau hdng. Béi véi con
mdi 12 nhuyén thé hai manh vo6 thi phan con lai thudng bao gdm cic manh vo va cac bo to
bam. Bong vat chan bung dugc nhan dang tir thit va vé con sot lai. Trong trudng hop cua loai
thugc nhom dong vat chan du, viéc nhan dang dugc thuc hién béng cach stir dung rang mo
hodc xuc tu.

Déi voi cac con moi con nguyén ven duoc dinh loai theo tai liéu phan loai cuia FAO [14,
15].

2.3. Tinh mét sé chi sé sinh hoc
- Tuong quan chiéu dai - khéi lugng theo Pauly [16]: Puoc xac dinh bang cong thirc:
W =ax MLb 1)
Trong d6 W 1a khoi luong muc la (g); ML la chiéu dai 40 muc 14 (mm).
- Xac dinh thoi quen bat m01 va ché d¢ an ciia myc 14 dai duong
Tinh toan chi s vé con mdi (khdi lugng va s lugng) theo Cortés [17], bao gdm:
+ Ty I¢ da day tréng (vacuity index): VI=(Es/Ts) x 100 2
Trong do Es la s6 da day tréng rong (FUI = 0); Ts 14 tong s6 mau da day phan tich.
+ Tan sudt xuét hién cua vat moi i (Occurance index): Ol = (Si/Ts) x 100 (3)
Trong do Si la s0 da day chira con moi i; Ts 1a tong s6 mau da day phan tich.
+ Ty suat khdi luong cua vat moi i (Importance in Weight Index):
IWI = (Wi/W) x 100 4)
Trong do Wi la khdi luong cua vat mdi i, Wt 1a téng khdi luong cua tat ca cac vat moi.
+ Ty suat s6 lwong cia vat moi i (Importance in Number Index):
INT=(Ni/Ny) x 100 (5)
Trong do Ni la 5O luong vat mai i; Nt 1a tong s lugng vat mdi xac dinh.
+ Chi s6 xac dinh vat mdi quan trong twong dbi (Index of relative importance):
IRl =% OI x (%IWI + % INI) (6)

2.4. Xac dinh ngu trieong khai thac

Str dung hé thdng thong tin dia 1y (GIS) dé chong ghép cac 16p thdng tin I ning suat
khai thac theo nghé va Iop thong tin vé cuong luc khai thac nham xac dinh cac khu vuc ngu
truong khai thac chinh muec 14 dai duong. Thong tin chinh dugc sir dung dé xay dung cac ban
d6 du bao ngu truong khai thac hai san 14 nang suat khai thac va tan suat danh bat o timg 6
luéi 0,5%0,5 @6 kinh vi.

Ning suat khai thac ctia muc 14 dai dwong theo nghé khai thac dugc udc tinh theo cong
thtrc:

CPUE = ZCPUE @)

i=1

Trong d6 CPUE 1 ning suat khai thac trung binh ciia 6 luéi; CPUE; 1 ning suat khai
thac trung binh cua cua ngay thur i tai 0 ludi. Nang suat khai thac cua ngay thir i dugc ude
tinh tr nang suat khai thac cua ting tau trong ngay tai 6 ludi d6 (don vi tinh: kg/ngay tau)
[18].
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3. Két qua va thao luin

3.1. Chiéu dai va kich thwée muec ¢ dai duong

Qua phén tich 60 mau muec 14 dai duong thu dugc c6 phd kich thude dao dong twong dbi
16n, trong d6 Ca thé nho nhét c6 chiéu dai 40 dat 370 mm, ning 1.500 g; ca thé 16n nhat c6
chiéu dai dat 710 mm, nang 10.400 g. Khdi lugng co thé va chiéu dai 40 muc tuong quan rat
chit theo ham sd mii c6 cong thic 14 W = 2x10°xML3%% R? = 0,99 (Hinh 2).

3.2. B¢ no da day va
ty trong thirc an

Trong tong s6 26
mau da day muc 14
dai duong dugc thu tur
chuyén diéu tra, c6 03
mau da day khong
chura thue an (FUI =
0), ti 1& do6i VI =
11,6% tong s6 mau.
Cac mau da day c6 do
no bac 1 chiém ty 1€
16n nhét véi 11 mau,
tuong ung vai 42,3%
téng s6 mau (Hinh 3).

3.3. Thanh phan thirc an va tdp tinh

an moi

Theo két qua coéng bd trén
Sealifebase cho thidy, muc 14 dai
dwong c6 phd thirc an kha rong,
ching an ca ca, muc tudc, giap xac
day. Cac ca thé nho chua truong
thanh c6 xu hudng an giap xac, dong
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Hinh 2. Phuong trinh trong quan giita chiéu dai va khéi luwong muc 14 dai duong.

vat chan dau nhé va cac loai ca.
Trong khi d6, nhiing cd thé muc
truong thanh c6 xu hudng an nhiing

loai ca kém linh hoat, di chuyén cham

¢ do sau 400-650 m (Bang 1).

7,7% 7,7%

B0 @1 02 @3 24

Hinh 3. Biéu d6 ty 1¢ (%) d6 no da day muc 14 dai duong.

Bang 1. Thanh phan thirc n da dwoc ghi nhan trong da day cua T. rhombus tir cac nghién ctru truée day.

STT Nhom Loai Qudc gia

1 Giap xac day TOm tit Squilla armata South Africa

2 Dong vat chan dau Muyc éng/muc nang Abraliopsis sp. (not available)
3 Dong vat chan dau Muc éng/myc nang Ctenopteryx sp. (not available)
4 Dong vat chan dau Muyc éng/muc nang Dosidicus gigas (not available)
5 Dong vat chan dau Muyc éng/muc nang Histioteuthis sp. (not available)
6 Dong vat chan dau Muyc éng/muc nang Liocranchia sp. (not available)
7 Dong vat chan dau Muyc éng/muc nang Octopoteuthis sp. (not available)
8 Dong vat chan dau Muyc éng/muc nang Onychoteuthis banksii (not available)
9 Pong vat chan dau Muc dng/muc nang Ornithoteuthis volatilis South Africa

10 Dong vat chan dau Muyc éng/muc nang Sthenoteuthis oualaniensis ~ (not available)
11 Dong vat chan dau Muyc éng/muc nang Todarodes pacificus Japan

12 Cé vay Ca xuong Argyropelecus affinis (not available)
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STT Nhém Loai Qubc gia
13 Cévay Ca xuong Chauliodus sloani (not available)
14 Cavay Ca xuong Cubiceps sp. (not available)
15 Cavay Ca xuong Cyclothone sp. (not available)
16 Cavay Ca xuong Diaphus sp. (not available)
17 Cavay Ca xuong Hygophum sp. (not available)
18 Cavay Ca xuong Myctophum sp. (not available)
19 Cavay Ca xuong Nemichthys sp. (not available)
20 Cévay Ca xuong Paralepis sp. (not available)
21 Cévay Ca xuong Sardinops sagax Japan
22 Cévay Ca xuong Stomias sp. (not available)
23 Cévay Ca xuong unspecified fishes South Africa
24 Than mém Bach tudc Japetella diaphana (not available)
25 Than mém Bach tudc Ocythoe tuberculata (not available)

Tir két qua phan tich mau da day cua T. Rhombus thu dugc cho thay, chung in ca xuong,
dong vat chan dau va cidc manh vun hitu co khong xac dinh. Do tap tinh an nghién nhéd con
moi nén hau hét thirc an da phan manh va tiéu hoa mot phan. Mot sb thanh phan thirc an da
phan tich dugc ciia T. rhombus & ving bién nghién ctru dugc thé hién trong bang 2.

Trong qua trinh phén tich, c6 19,23% mau da day xuat hién giun tron (Nematoda). Tuy
nhién, dya vao tap tinh dn moi ciia loai, day chi 1a d6i twong ky sinh trong da day myc. Vi
vy nhom Nematoda khong dugce xét vao nhom thire &n cua myc la dai duong. Ngoai ra, nhya
cling dugc tim thiy trong da day cua myc 1a dai duong, dang cac soi day thung, tuy tan suat
xuat hién khong nhiéu nhung két qua nay cling cho thiy rac thai nhua da anh hudng t6i rat
nhiéu loai sinh vat trong d6 c6 ca muc 14 dai duong.

Bang 2. CAu tric thirc an trong da day muyec 14 dai duong & khu vuc nghién ciu.
Nhom thirc an %0I %IWI %INI IRI %IRI
Cé xuong Teleostei 73,08 71,93 80,76 11158,49 88,46
Pong vt chan dau Cephalopoda 30,77 28,07 19,24 145554 11,54

Céc chi s6 cho thay, trong cdc nhom thire in (c6 thé xac dinh) ctia myc 1a dai duong, ca
xuong c6 tan sudt xuat hién nhiéu nhét (%0I1=73,08), ty suat khdi luong va ty suit sd luong
cling cao nhét dat cao nhat & nhom thirc an nay (%IWI = 71,93; %INI = 80,76). Tan suat xuat
hién cua cé xuong gép hon 2 1an so véi thuc dn 1a nhom muc/tude (%OI = 30,77). Bong vat
chan dau xuét hién trong thanh phan thirc an v6i tan suat bat gip %01 = 30,77; ty suat khoi
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luong %IWI = 28,07; ty sut s6 lugng %INI = 19,24. Bén canh d6, chiém ty suét khdi lugng
16n nhét trong da day muc 1a thanh phan vun thirc in khong khac dinh, %IWI = 47,55. Chi
sd x4c dinh vat moi quan trong ciia nhém ca (IRT = 11158,49) cao hon gip nhiéu 1an so véi
nhom thirc an dong vat chan dau (IRI = 1455,54) cho thay, nhém c4 1a thirc an vu tién hang
dau cta loai muc 14 dai duong.

Céc gia tri vé chi sb tan sudt xudt hién, ty suat khdi lwong con moi va ty suét sd luong
vat moi con déng vai trd quan trong dé phén tich sy thay doi thirc n theo kich thude. Trén
co s¢ d6 co thé danh gid so bo réng li¢u c6 su thay ddi vé con mdi yéu thich cua muyc 14 dai
dwong trong qua trinh phat trién ¢ nude ta. Két qua ciing thiy rang khong co nhiéu sy khac
biét vé thanh phan thirc 4n gitta cac ca thé do cac ca thé muc thu duoc trong nghién ctru nay
déu thudc nhém ca thé da truong thanh. Nhom thirc 4n c4 xwong va dong vat chan dau la 2
nhom thirc dn chinh, trong d6, nhom cé chiém ty trong vé khdi luong va sé lwong 16n hon
nhém thirc dn dong vat chan ddu & hau hét cac [z m o 1w e o e o 1o 1 1 1w 1 16 7
nhom chiéu dai (Hinh 4). ' a

3.4. Phdn bé ngu trwong mye ld dai dwong

Két qua phan tich s6 lidu thu thap tir so
nhat ki khai thac, gidm sat trén khai thac tu
thang 6 dén thang 12 niam 2023 cho thiy, muc
14 dai dwong c6 san luong cao nhét trong nghé
cdu muyc xa, theo sau 12 nghé cau ca ngir dai
duong va nghé ludi chup, san luong cao tap
trung chil yéu trong thang 7 va thang 8 (Bang
3). Vung khai thac chinh (ngu truong) muc 14
dai duong tap trung chu yéu & ving bién xa
b mién trung va giira Bién Pong trong dé
vung bién phia tdy quin dao Hoang Sa dén
khu vuc Béc Trung B9 c6 pham vi tur vi do
15,0°N - 17,0°N va tir 107,0°E - 111,0°E; khu
vuc gitta Bién Pong c¢6 pham vi tir 11,0°N -
15,0°N va tur 110,0°E - 115,0°E; khu vyc tur
Dong Nam ddo Phi Quy c6 pham vi tu
09,0°N - 10,0°N va 109,0°E -111,0°E; khu
vuc quan dao Truong Sa c6 pham vi tir 8,5°N
- 9,5°N va 113,0°E - 114,0°E (Hinh 5).

Bang 3. Thong ké san luong khai thac muc 14 dai duong tir thang 6 dén 10/2023 & viing bién Viét Nam.

8
ABCDEFGHIJKLMNOPQRSTUVWXY ZAaAbAcAd

Hinh 5.1 Phan bcf) ngu truong khai thac myc 1a dai
duong ¢ ving bién Viét Nam thang 6-12/2023.

Nghé ciu cgi ngir Nghé ciu mue ’Nghé lwéi cpup Sé con Téng
Thang Nim SO Tong S6 Tong So Tong Trung binh  cong
con sanluwgng (kg) con  san lugng (kg) con san lwgng (kg) chung (kg)
6 2023 7 315 7 315
7 2023 7-8 4545 5-6 571 6-7 1025.5
8 2023 5-6 455 6-7 307 5-6 502,5 5-6 1264.5
9 2023 8-9 134 5-6 269 6-7 403.0
10 2023 10 6 8-9 29 9 35.0
Tong cong 6-7 909.5 6-7 1049,5 5-6 800,5 6-7 2759,5

3.5. Thdo ludn

a) Vé dic diém sinh hoc muc 14 dai duong

Céc nghién ctru trude day vé kich thudce va twong quan chiéu dai khi lwgng ciia myc 1a
dai duong cho thiy, chiéu dai vay lung tdi da ciia myc duc 13 850 mm, muyc cai 1a 820 mm
va trong luong ca thé khoang tir 24-30 kg hodc co thé 16n hon [3]. Bén 300 ngay tudi myc 14
dai duong co thé dat chiéu dai vay lung 800 mm va trong lugng co thé 17,5 kg. Muc duc ¢
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do tudi trudng thanh dat chiéu dai 4o tir 400 dén 550 mm (tudi 170 dén 200 ngay) va myc céi
& do tudi truong thanh co chiéu dai 40 tir 550 dén 650 mm (tudi 230 den 250 ngay) [3 19].
Tuong quan chiéu dai khdi lwong cua T. rhombus 12 ham mii véi gia tri s6 mii b gan bang 3.
O Thai Binh Duong va nhiét déi Pai Tay Duong, mirc d6 tang truong khdi lwong hon kich
thuac cua T. rhombus da dugc ghi nhan [19].

Nghién ctu hién tai ciing cho thidy mutrc d6 twong quan chiéu dai - khéi lugng cua T.
rhombus ciing tuan theo ham mi véi gia tri b 1a 3,0895 1a khong khac biét voi cac quan sat
trude ddy ¢ ving bién nhiét doi. Do muc tiéu dit ra, nén gii han trong béo c4o nay 1a chua
phan tach mbi twong quan chiéu dai khdi luong theo con duc va cai, cling nhu theo thoi gian
dé tim hiéu murc d6 ting trudng ciia muc 14 dai dwong. Tuy nhién, theo cac bio céo tir ving
bién can nhiét déi dén nhiét doi [20] chua ghi nhan dwoc sy khac biét dang ké nao vé moi
turong quan chiéu dai khdi lugng theo gidi tinh, ty 16 nay duoc ching minh 13 1:1 & phia béc
Thai Binh Duong [5, 20].

Céc phan tich trudc day vé da day cia 7. rhombus truéng thanh tir Okinawa d cho thiy
no an cd, myc, tom [22], & Ogasawara n6 an ca (Myctophid) va myc (Enoploteuthis chunii),
0 vung bién Philiphine né an muc nho, ca n6i nho va cac loai khac [8]. Cac nghién ciru vé
ché do bat moi ddi v6i cac mau vat truong thanh cia loai T. rhombus da chi ra duge cac loai
ca an sinh vat phu du nho, muc con (Cranchiidae, Octopoteuthidae, Onycho-teuthidae,
Histioteuthidae, Ctenopterigidae va Ommastrephidae), myc trudng thanh (Enoploteuthidae)
va bach tudc incirrate séng ¢ ting nude giira trong ché d6 an cua chung [3].

C6 thé no6i, thanh phan trong da day ctia myc 14 dai dwong trong nghién ciru nay 1a khong
sai khac véi cac bao cao trude day vé ty 18 thirc an 1a dong vat chan dau va ca. Do kich thudc
mAu ctia nghién ctru 1an ndy con quéa nho dé co thé chi ra ché do an cta 7. rhombus & ving
bién Viét Nam theo céc kich thudc khac nhau. Nhiing thay ddi vé ché do an lién quan dén
kich thudc dd dugc quan sat thdy & muc 6ng dai dwong nhu Illex argentinus tir thém
Bonaerensis ngoai khoi Argentina chuyén tir giap xac sang ca [23]. Muc Onykia ingens &
quan dao Falkland va dong bic quan déao Kerguelen, Phap an dong vat giap xac va ca dudi
200 mm va myc 16n hon (> 20 cm DML) chi yéu in ¢4 va dong vat chan dau [24, 25].

b) Vé phan b

Theo wdc tinh cua Nigmatullin, trit luong cua T. rhombus ¢6 khoang 1,5-2,5 triéu tan
trong cac dai duong noi c¢6 dg sau trén 400 m, d6i khi né con xuét hién tai cac vung thém luc
dia noi ¢ su xAm nhap cua cac khéi nude bién khoi theo dong chay mua [3]. Su phan b caa
T. rhombus & c&c khu vuc noi c6 cac dong hai luu 4m nhu Agulhas, Tsushima va Kuroshio
cling da dugc ghi nhan [3]. Cac nha khoa hoc cling udc tinh mat d phan bd cua loai muc dai
dwong tir 0,5-200 kg/km?. Theo chiéu thang dung, chﬁng thuong xuét hién & bé mat cho t6i
16p nude 50m vao ban dém va & d6 sau tur 200-700 m vao ban ngay [26, 27].

Hién tai, phan b ngu truong chinh cua T. rhombus trong vung bién dic quyén kinh te
cua Viét Nam con chua day du. Tuy nhién, theo cac bao cao co thé so bo loai muc ndy xut
hién chii yéu & ving bién mién Trung va giira Bién Dong. Trong qué trinh nghién ciru cac
dbi twong ca ngir dai duong bang nghé cau vang hay muc xa bang luéi chup ¢ ving bién nay,
déu ghi nhan danh bat khong chu ¥ loai T. rhombus véi san lugng trung binh khoang 5-
10kg/dém, san lugng cho cao hon ¢ khu vuc dao va go n6i & ving blen khoi [11, 12]. Két
qua nghién ciru 1an nay vé phan bd cua loai muc dai dwong dira trén ngudn sé liéu sb nhat ky
khai thac tir nghé cau ca ngur dai duong, cau muc va ludi chup la phu hop véi tép tinh ciing
nhu cac két qua da cong b6 trudc d6. Do gidi han vé thoi gian va kinh phi, nén can tiép tuc
thu thap, bd sung s lidu con thiéu dé dua ra dugc phan bd ngu truong khai thac muc 14 dai
dwong & bién Viét Nam.

4. Két luan

Loai myc la dai duong ¢ bién Viét Nam c6 phuong trinh twong quan chiéu dai khéi luong
tuan theo ham mii, véi hé s6 b = 3,0895. Thirc in chi yéu ctia myc 14 trudng thanh 12 nhom
ca xuong va nhém chan dau. Puoc khai thac khong chi ¥ tir nghé cau vang ca ngir dai duong,
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ludi chup va cdu myc & ving bién xa b mién Trung va Giita Bién Pong (tir vi d6 8°30” -
17°00°N va kinh d¢ 108°00° - 115°00°E).

Do muc tiéu nghién ciru va han ché vé thoi gian nén béo c4o nay con chua phan tich
duogc sinh truong theo gidi tinh, cling nhu chua c6 du sb luong mau dé xac dinh tap tinh sian
moi cua muc 14 dai duong theo cac nhom chiéu dai 4o (ML). Bén canh d6 con thiéu thong
tin dé xay dung phan bd ngu trudng khai thac chinh va tap tinh di chuyén ngay dém cua loai
muc nay.

Vi vy, can ¢ nhirng cong trinh nghién ctru SAu vé dic diém sinh hoc, dong luc hoc quan
thé va di cu theo phuong ngang va thing dung ctua myc la dai duong ¢ bién Viét Nam lam
co s& khoa hoc trong khai thac va bao vé bén virg ngudn loi muyc I4.

Dbong gop cua tac gia: Xay dung nghién ciru y tuong: H.N.V.; M.N.H.; L.P.D.; phuong phap
nghién ctru: HN.V.; K.V.V.; Xirly so li¢u: HN.V.; HV.N.; L.P.D.; P.T.T.D.; Viét ban thao:
H.N.V.; M.N.H.; Chinh stta bao cao: H.N.V.; M.N.H.; L.P.D.

Loi cam on: Két qua nghién ciru nay duoc hd trg boi Dy an “Diéu tra Ngu truong” giai doan
2021-2023; Bé tai “Nghién ctru tng dung cong nghé khai thac va bao quan muec 14 dai
duong (Thysanoteuthis spp) ¢ vung bién Viét Nam”.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bo ¢ dau, khong duogc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Study on biological characteristics and distribution of diamond
squid in Vietnamese sea water

Nguyen Van Huong'*, Vu Van Khuong!, Nguyen Hoang Minh!, Phan Dang Liem,
Nguyen Van Hai!, Phan Thi Thuy Duong?

! Reseach Institute for Marine Fisheres; nvhuong0509@gmail.com;
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2HCM City University of Natural Resources and Environment;
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Abstract: The ocean leaf squid (Thysanoteuthis rhombus) is a rarely studied species in
Vietnam, leading to a lack of information on its distribution and biology. Based on 60
samples of diamond squid (Thysanoteuthis rhombus) randomly collected on squid handlines
fishing and logbooks from three fishing gear (tuna handlines fishing, falling nets and squid
handlines fishing) from June to October 2023. By analysing and processing routine data, it
has been determined that the diamond squid has a length - weight correlation following an
exponential function, with coefficients a = 2x10° and b = 3.0895. The diet of adult T.
rhombus is the fin fish and the cephalopod groups. Spatial analysis from the fishing log
book has identified the fishing grounds for diamond squid located in Vietnam’s exclusive
economic zone from latitude 8°30” - 17°00°N and longitude 108°00° - 115°00’E. The main
fishing grounds extend from the west of the Paracel Islands to the North Central Coast, the
middle of the Bien Dong, and the southeast of Phu Quy Island and the around Spratly
Islands.

Keywords: Thysanoteuthis rhombus; Fishing ground; Biological characteristic.
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Tém tit: Trong hoat dong khai thac mo da vat liéu xay dung (VLXD), n6 min déng vai tro
quan trong trong viéc pha v& dat da, hd trg cac cong doan tlep theo nhu xuc bdc va van tai.
Tuy nhién, bén canh tac dung tich cuc, nd min con gy ra nhiéu tac dong tiéu cuc dén moi
truong nhu chin (dong, song va dap khong khi, da vang, khi doc va bui min. Nhing anh
hudng nay dan dén nguy co cao vé an toan va vé sinh lao dong (ATVSLD) trong qua trinh
khai thac. Bai bao nay trinh bay mot phuwong phap da tiéu chi nham xdy dung b tiéu chi
danh gia ATVSLD, két hop 1y thuyét ham cong tuyén tinh va phuong phap tht bac dé tinh
toan chi s6 ATVSLD trong cong tac n6 min tai cac mo khai thac VLXD. Phuong phap nay
gitip nhan dién cdc mbi nguy tiém an va du bao muc do ATVSLD, tir 6 1am co s dé xuat
cac bién phap k¥ thuat cai thién an toan trong hoat dong nd min. Nghién ctru dic biét tap
trung vao cac mé da VLXD & khu viuc Nam Trung B, gop phan nang cao hiéu qua va an
toan trong khai thac mo da.

Tur khéa: Khai thac mo da; N6 min; An toan vé sinh lao dong; Phuong phap da tiéu chi;
Ham cOng tuyén tinh; Phuong phép thur bac.

1. Mé& dau

Hién nay, “chuan bi dt d4 bang phuong phap khoan - né min trong khai thac mé 19 thién
no6i chung va khai thac da VLXD noi riéng 1a phuong phap hiéu qua nhat vé mat k¥ thuat,
kinh té va giip t6i uu hoa qua trinh san xuat” trén mo 16 thién tiép theo [1, 2]. Ngoai “tac
dung dép v& dat da, nd min ciing gay nhiéu tac dong c6 hai dén moi truong nhu séng chin
dong, song dap khong khi, dé véng, khi doc va bui” [2, 3].

Khi n6é min, nang luong cua chat n6 dung dé pha v& dat da chi chiém 10+ 15%, phan
nang lugng con lai blen thanh cac dang nang lugng v6 ich nhu: Song chan dong: Anh huong
t61 cac cong trinh can bao va dén sy On dinh ciia bo mo; séng va dap khong khi: Gay ra tiéng
6n 16n va anh huong dén moi truong xung quanh; da vang: anh huong toi ngudi va thiét bi,.
bui va khi thai doc hai: Gdy 6 nhiém moi truong khong khi va anh huong dén sire khoe cua
nguoi lao dong. Ngoai ra, trong qua trinh thi cong cac thao tac ky thuat khong chinh xac hoac
thyc hién khéng dung quy pham én toan c6 thé gay ra cac tai nan tham khdc, tham khéc cho
con ngudi va co s ha tang ctia doanh nghiép [3, 5]. Vi vay dé giam thleu cac tac dong nguy
hiém va c6 hai cua viéc nd min sinh ra viéc lya chon phuong phap nd min, _phuong tién nd
va chat nd, so d6 nd dic biét 1a viéc tinh toan Iyra chon chinh xac cac thong sé khoan - nd phu
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hop v6i tinh chat co 1y cia dat da (d6 kién cd, nut né,...), diéu kién dia chat thiy van, dia
chat cong trinh trong khu vuec 13 rit quan trong.

Céc cd so khai thac mo hodc cac don vi chuyén mon vé dich vu nd min ludn tuan thu
cac quy dinh ctia nha nudc v& an toan su dung VLNCN tai QCVN 01:2019/BCT cua Bo
Cong thuong. Ngoai ra, cac don vi s& ¢6 nhitng quy dinh dic tha dé luén dam bao an toan
trong viéc bao quan va str dung VLNCN. Panh gia mirc 46 ATVSLD trong hoat dong n6é min
duogc xac dinh bang phuong phap danh gia cho diém theo quy trinh nhan dién, danh gia va
kiém soat rai ro giup du bao sém nguy co mat ATVSLD c6 thé xay ra [6, 7]. Tuy c6 rat nhleu
quy dinh va céc nghién ctu nham nang cao hiéu qua cong tac ATVSLD trong hoat dong nd
min nhung trong cidc nam qua van xay ra nhirng vu tai nan lao dong (TNLD) dang tiéc xay
ra ¢ thé ké dén nhu: Vu Tai nan tai tai xudng khai thac da Chién Nguyén, trén khu vuc nti
da Me¢o, lang Nga Hon, xa Loc Thinh, huyén Ngoc Lac, tinh Thanh Hoa vao ngay 30/3/2015
1am 2 ngudi chét va 1 nguoi bi thuong ning; Vu tai nan do nd min mat kiém soat lam 1 nguoi
tor vong va mot ngu:oi bi thuong nang xdy ra vao ngay 26/02/2022 tai mo than Nui Beo, tinh
Quang Ninh; m6i day ngay 15/3/2024 vu nd min tao séng chan dong lam nhiéu tang d4 mod
co1 khoang 4 tan lan xudng sap nha dan xay ra tai Nam Giang, tinh Quang Nam [4, 6, 8] ...
Mic du da co rat nhiéu cac quy dinh va sy cai tién tich cuc cta cta khoa hoc ky thuat hlen
dai trong cong tac khoan né min, nhung tinh trang mat ATVSLD van dang dién ra [1]. Can
c¢6 nhitng nghién ctru dé du bao chinh xac hon vé cac anh hudng ma cong tac nd min co thé
gdy ra dbi voi tinh mang, sirc khoe ctia NLD.

Trén thé gidi, Phuong phap danh gia da tiéu chi va phan tich thir bac AHP da dugc Saaty
phat trién tir nhitng nam 80 cua thé ky trude [9-11]. Pay 1a phuong phap hd trg nham xem
xét dong thoi cac yéu t tu nhién, kinh té, co s¢ ha tang, chinh sach phéap luat va tranh tha tri
thirc ctia nhiéu chuyén gia trong cac linh vuc ¢6 lién quan dé xac dinh trong s6 nham dua ra
quyét dinh chinh x4c. Phuwong phap nay duoc phat trién dé ap dung trong nhiéu linh vuc khac
nhau cua doi séng nhu: da ing dung ctia AHP trong cic nghién ctru ctia minh nham giai
quyet nhiéu van dé trong y hoc va chiam soc strc khoe [12, 13]. Nghién ctru [14, 15] dua ra
nhiéu tmg dung ctia AHP trong cic linh vyc khac nhau nhu: kinh té, chinh tri, xa hoi, gido
duc, quan sy, ngan hang, lva chon phuong an k§ thuat, ... cac nghién ctru vé quan 1y cht
lwong san pham. Bén canh d6, mot nghién ctru da trinh bay cac ing dung ciia AHP khi két
hop véi cac phuong phap nhu: phan tich SWOT, QFD, meta-heuristics, va DEA [16, 17]
phuong phap diém Iy tueong (TOPSIS) [18], ... hoac két hop nhiéu phuong phap phan tich
khac nhau dé giai quyét cac bai toan Iya chon phuong an thyc té [19, 20].

Phuong phap phan tich da tiéu chi (MCA - Multi-Criteria Decision Making) duoc g
dung & kha nhiéu linh vyc nghién ctru khic nhau ¢ Viét Nam nhu: lya chon phuong 4n phat
trién kinh té [21, 22], bao vé méi trudng [8, 23], tric dia ban d6 [24, 25], logistics [26,
27],...Trong viéc ing dung ctia MCA va phan tich thir bac ddi voi viéc nghién ciru danh gia
rii ro nhu x6i 16 bd song [28, 29], cap d6 rai ro do bdo. Tuy nhién, ap dung danh gia da tiéu
chi trong linh viee ATVSLD do hoat dong nd min con chua dugc quan tdm nghién ctru nhiéu.

Trén co so hién trang st dung vat liéu nd cong nghiép tai 55 doanh nghi¢p khai thac da
xay dung khu vyc Nam Trung B9, tién hanh phén loai vé quy mé, trang thlet bi str dung, ap
dung MCA x4y dung b tiéu chi va gan diém tiéu chi cling nhu xac dinh tAm quan trong ctia
tidu chi bang cach str dung k¥ thuét tién trinh phan cip thir bac (AHP), thong qua phuong
phap phan tich da tiéu chi xac dinh mirc 46 ATVSLD cho tung hoat dong khi thuc hién cong
tac nd min.

2. Phuwong phap nghién ctiru

2.1. Khu vuc nghién ciru

Khu vuc Nam Trung Bg 1a mdt vung dia Iy nam ¢ mién Trung Viét Nam, kéo dai tur
dong bang ven bién tdi cdc vung nui va ban ddo, bao gom cac tinh Phi Yén, Khanh Hoa,
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Ninh Thuan va Binh Thuan (Hinh 1). Dién tich khu 105°0'0"E 107°30'0"E 110°0'0"E

vuc khoang 21,5 nghin km? va dan s6 khoang 3,8 { . wwwe wewee N

tri¢u nguoi, khu vuc Nam Trung B la mét trong Jﬁ.

nhitng ving phat trlen quan trong cua Viét Nam. E o : ‘§ " ’

Day 1a khu vuc o tiém ning twong dbi 16n vé khai 3 _

thac da‘khm va da VLXD cho khu vie va canuée 2|, T 5@. z

g6p phan cung g nguon nguyén vt li¢u cho xay 1% 13 ‘%@ S

dung va gop phan tich cuc trong phat trién kinh té 2 'éga&‘ g |e

dia phuong. Ry i B
Khu vuc Nam Trung Bo hién c6 55 mo da iw_vos u“;ms' & s

VLXD dang hoat dong khai thac v6i cong sudt nho 2 el & jf“ ™ =

va trung binh 1a chu yéu. Trong d6, Khanh hoa c6 § KHU VUC { th; o §

21 mo dang hoat dong, Phu Yén la 15 mo, Ninh & NAM TRUNG BO f\ B! &

Thuan 11 moé va Binh Thuan la 8 mo. Cac mé co Nlnh Thuén

cong sudt khai thac dao dong tir 200400 nghin / Blnh Thugn

m3/ndm chiém ty 1¢ khong nhiéu, da phan 1a cac mo =z s Lo |2

khai thac VLXD thong thuong c6 cong sudt vira va S o £

nhd phuc vu cho nhu cau tai dia phuong. Mot so it e A4 e

cac mo da VLXD phuc vy lam duong giao thong "_L"y&.omete,s

va lam nguyén liéu cho cac nha may xi mang cong qosepo e 107°30'0"E 110°0'0"E

sudt nho, v4i cong suit khoang 120 nghin m®/nam
va cac mo c6 cong suat nhé dudi 100 nghin m®/nim
(chiém ty 18 t&i 60% tong sb cac mo dang khai
thac). Cac mé da nay thuong cod von dau tu han ché nén hoat dong khai thac nho 1¢, manh
man, mang tinh chit gia dinh, khéng bai ban, cong nghé khai thac lac hau.

Hinh 1. Khu vyc nghién cttu cic tinh Nam
Trung BO.

2.2. Hién trang hoat déng né min trén cic mé khai thac da VLXD

Hién nay, cac mo dang su dung phuong phap nd min vi sai, phuong tién nd 1a kip phi
dién, kip dién vi sai, day no. Thubc nd sir dung la thuéc né6 ANFO, AD-1 & nhiing 16 khoan
kho, d6i voi 16 khoan c6 nude st dung thude nd nhil twong. Khdi lugng thube nd sir dung tai
cac mo duogc trinh bay ¢ bang 1 trinh va phuong tién nd st dung thé hién trén Hinh 2.

Hinh 2. Phuong tién nd st dung: (a) Kip vi sai phi dién trén mit va xudng 15; (b) Kip dién visai; (c)
Kip dién K8; (d) Mdi né6 MN-31-175g.
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Bang 1. Vit lidu n6 cong nghiép sir dung tai cac mo ¢a VLXD khu vyc Nam Trung Bo nam 2022 +

2023 [33].
ain Nam
TT Chi tiéu Pon vi 2022 2023
I San lugng thuc hién m3
1 Khéi lugng dét da nd min lan 1 m3 3.503.471 4.798.412
2 Khéi lugng dét da nd min lan 2 m3 69.667 247.260
3 Do cung f 9-11 9-11
4 Chi tidu thudc nd kg/m? 0,38 0,41
5 Téng sb thube nd quy déi anfo kg 1.328.312 1.984.077
6 Ty & thubc né chiu nu6c % 36,67 48,3
7 Quy mo bai no binh quan m/bai 1.825 3.404
1 Thu00 nd st dung kg 1.332.594 1.990.427
-1 Thubc né do MICCO san xuét kg 614.878 1.162.530
1 Thubc nd Anfo roi kg 41.450 95.225
2 Thubc né Anfo bao goi " 573.428 788.594
3 Thude né NT roi 08 - NTR08-D8O 33.402
4 Thube nd NT 16 ¢4 2 " 3470 245.309
-2 Thudc nd do Qudc phong san xuét kg 717.716 827.897
1 Thubc né AD1 " 229.040 71.817
2 Thudc nd Nhii tuong " 488.676 756080
1 Phu kién né st dung
Kip cac loai 189.220 272.891
1 Kip nd dién céi 8.379 23.613
2 Kip né vi sai dién " 95.121 109.741
3 Kip vi sai phi dién KVP-8N-TM " 29.570 54.017
4 Kip vi sai phi dién KVP-8N-XL " 56.079 85.420
5 Déy dién min m 503.500 676.500
6 Mbi nd qua 46.274 60.672

2.3. Phuwong phap nghién ciru

2.3.1. Phuong phap danh gi da tiéu chi

Phuong phap danh gid da tiéu chi
(Multicriteria Analysis - MCA) 1a cong cu danh
gia muc d§ quan trong cua tung tiéu chi liéu
quan va phan dnh mtrc d¢ do trong viéc dua ra
quyét dinh cudi cung [30, 31]. Phuong phap
MCA duogc 4p dung phd bién khi str dung két
hop cac phuong phap nhu: phuong phap két
hop muc tiéu (SMART), phuong phap phan
tich tiéu chi sir dung ham cong tuyén khong
don vi (SAW) va phuong phép phén tich thu
bac AHP. Quy trinh thuc hién phan tich MCA
thé hién trén Hinh 3.

Trong quy trinh thyc hién phuong phap
MCA xuét phat tir didu kién thyc té xac dinh
muc tiéu chung va cac muc ti€u cu thé cua
cong tic ATVSLD trong hoat dong nd min tai
cac mo khai thac d4 VLXD cong suit vira va

[ Diu kién lao déng ]

—-[ Xac dinh

muc tiéu ]

" iy dung b6 titu chi
d4nh gid (SMART)

Xac dinh trong s
tiu chi (SAW)

T4 chuyén gia tir

-

van
Xic dinh tim quan )
trong cia tiéu chi
(AHP) J p

—[ Chi 6 ATVSLD

Hinh 3. Quy trinh thyc hién phén tich da tiéu chi.

nho. Tir cac muyc tiéu cu thé xac dinh ap dung phuong phap SMART dé xay dung bo tiéu chi
danh gia, tiép d6 dua vao thuc tién tién hanh danh gia mtc d6 dap tmg cac muc tiéu cta timg
tidu chi tién hanh danh gia diém tiéu chi. Danh gia muc d6 quan trong cua cdc tiéu chi trong
b tiéu chi bang phuwong phap phan tich thir bac, xac dinh trong s6 ti€u chi. Tich hop hai gia
tri diém tiéu chi va trong s tidu chi bang phép nhan ma tran va cong tuyén khong don vi.
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Cac danh gia duoc thyc hién béng Pphuong phap chuyén gia trén co s¢ dinh lugng khong don
vi. Khi két qua khong dat gia tri vé chi s6 nhat quan thi thuc hién danh gia lai theo quy trinh
dén khi dua ra két qua chuan xéc.

2.3.2. Phuong phap SMART

SMART la thuat ngit viét tit cta cac tir viét hoa: Cu thé (Specific), c6 thé dugc do luong
(Measurable), C6 tinh kha thi (Achievable), c6 tinh phu hop (Relevant), va xac dinh thoi gian
(Time-bound). Tén ciia phuong phap da thé hién cach thirc tiép can trong viéc dat muc tiéu
va danh gia myc ti€u. Thong qua phuong phap nay giup chung ta xay dung duogc bo tiu chi
lién quan tryc tiép dén cac myc tidu vé ATVSLD va xac dinh dugc cac mirc do rii ro cia cac
hoat d6ng nd min trén cac mo khai thac da [6, 32].

Dya vao muc tiéu xac dinh mirc 4o ATVSLD cong tac nd min trén cac mo khai thac da
VLXD la méi trudng 1am viée duoc loai bo cac yéu té nguy hiém cé hai dbi véi NLD. Diéu
nay nghia la phai xac dinh cac vang nguy hiém nhu nga cao, d6 sap, rui ro khi khoan va thi
cong bai nd, bui d4 va tiéng on cao, _nguy co chay no,.... Sau khi cac cong doan dugc xac
dinh murc d6 an toan mot cach chi tiét s& gitp xac dlnh cac bién phap phong ngtra va bao vé
phu hop nhu str dung bao hé ca nhan (BHCN), dam bao diéu kién vi khi hau va trang bi glam
tiéng on; bao gdm ca viée thuc day ¥ thirc va tu duy an toan cia tit ca nhan vién tham gia
qué trinh lam vié¢c. Diéu nay cling can phai thuc hién cong tac dao tao va huin luyén dinh ky
vé tho min, chi huy n6 min, ATVSLD, k¥ ning str dung thiét bi va may maoc va quy trinh lam
viéc an toan.

Cac dy an khac nhau c6 thé x4c dinh mot quy mo cong sudt, trinh tu va cong nghé khai
théc, phuong tién vat lidu no, trinh d6 quéan 1y - thi cong, k¥ nang lao dong khac nhau. Do d6
cac murc d6 rai ro ATVSLD tai cac mo ciing khong gidng nhau & nhiéu khia canh, cong viéc,
nhung muc dich chung nhét 14 can phai dam bao an toan tinh mang, strc khoe nghé nghiép
cho nguoi lao dong ciing nhu co s vat chét ciia doanh nghiép. Theo d0, nghién ctru dé xuat
cac tiéu chi danh gia mirc 0 ATVSLD bao gdm 20 tiéu chi khac nhau ding dé xac dinh chi
s6 ATVSLD va duogc tom tit & Bang 2. Trong d6: i) Nhom tiéu chi danh gia mirc d6 phu hop
vé cong nghé - 7 tiéu chi; ii) Nhom tiéu chi danh gia mirc ¢ pht hop vé ngudn nhén lyc - 2
tiéu chi; iii) Nhom tiéu chi danh gia vé hé théng quan Iy ATVSLD - 5 tiéu chi; iv) Nhém
tidu chi danh gi vé moi truong-PCCC va PCTT - 4 tiéu chi; v) Nhom tiéu chi danh gia mirc
d6 phu hop vé quan tri va ngudn luc - 2 tiéu chi.

Bing 2. Bo tiéu chi danh gia mirc 36 ATVSLD trong cong tac nd min.

Nhém tiéu chi Tiéu chi cu thé
T1 Hé thdng khai thac
T2 Bao quan VLNCN
T3 Van chuyén VLNCN
I Cong nghé T4 Khoan 15 min
T5 N6 min
T6 Kiém tra, giam sat
T7 Ung dung cdng nghé sb va tu dong héa
f A e T8 Doi ngii quan ly
I Nhom tiéu chi nhéan hyc T9 Neuoi lao dong
T10 Hé thng quan 1y ATVSLD
T11 Tuyén truyén, gido duc, khen thuong, ky luat
i Nhom tiéu chi Hé thdng quan Iy ATVSLD T12 Danh gia rai ro
T13 Cham s6c suc khoe nguoi lao dong
T14 Quy trinh, ndi quy va tu kiém tra ATVSLD
T15 Vi khi hau
IV Nhoém tiéu chi Moi truong — PCCC va PCTT Eg iﬁ%ﬁ%iﬁ%;ﬂﬁ?em ((FF,’S%)
T18 An ninh trat tu
T19 Tuén thu cac quy dinh phap luat

\% Nhoém tiéu chi quan tri va nguon hyc 120 Téi da hoa ngudn hrc
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2.3.3. Phuong phap SAW (Simple Additive Weighting)

Phuong phap phan tich “str dung ham cong tuyén tinh khong don vi dé xac dinh gia tri
ctia mdi phuwong 4n dudi dang Value Theory (VT). Phuong phap nay dua trén 1y thuyét gia
tri da thudc tinh va su doc lap cia cac thude tinh” [30].

St dung phuong phap dinh luong va ban dinh lugng dé danh gia mirc 36 ATVSLD bing
cach gan diém cho tiéu chi: voi ting tiéu chi duoc xay dung thue hién so sanh tuong d01 tinh
chit tac dong tuong ng voi thang diém xéac dinh theo thang danh gia 5 bac (Bang 3), s6 diém
duogc cho ting dan theo cac yéu td ATVSLD co thé dap tmg cho tung ti€u chi; Cac chuyén
gia thyc hién danh gia diém va diém danh gia duoc tdi wu bang tién trinh phan tich thir bac
dbi véi cac tiéu chi rd rang hodc phuong phap phan tich thir bic md dé xir Iy cac tiéu chi
khong rd rang 1am co s xac dinh mirc d6 rai ro cho timg cong viée khi td chirc cong tac nd
min trén cac mo d4 VLXD.

Bang 3. Thang diém cc tiéu chi danh gia ATVSLD.

Piém danh gia

1 2 3 4 5
C6 nguy co mat , £ C6 nguy co mét , £ L
C6 nguy co mat C6 nguy co mat bam bao
ATVSLD ATVSLD t .
£ ATVSLD cao N rune ATVSLD thap ATVSLD
rat cao binh

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

Phuong phép nay nham muc dich xac dinh mirc
dd quan trong ctia moi tiéu chi trong bo tiéu chi danh
gia, giup xac dinh gia tri trong ) trong viéc dua ra
quyét dinh hodc danh gia mic do khi phai dbi mat il
voi hang loat cac ti€u chi khong c6 thang danh gia
do luong chung [31, 32]. Pé danh _gia muc do
ATVSLD trong qué trinh n6 min thi cin d4nh gia ¢
nhiéu phuong dién, nh1eu cong tac, cac diéu kién tur
nhién, con nguoi, td chirc san xuét khac nhau. Mit
khac mdi khau nho ciing bao ham nhiéu yéu t6 nho
hon cu thanh 1én ¢6 cai dnh huong tryc tiép, cai anh
hudng gian tlep, cai xdy ra nhanh, c6 cai dién bién

Ma tran y kién chuyén gia

v

Ma tran ty s6 nhat quan W1

\4

Ma tran ty s6 nhat quan W2

\4

Ty s6 nhat quan CR<0,1

tir tir do vAy can thiét phai phan cap thi bac. Bang Diing
cach xéc dinh mot thir tw sdp xép clia céc tiéu chi — .
theo murc d6 tang hodc giam dan, thé cho phép ngudi Trong so cua timg nhan to

quan ly xac dinh mtre d6 uu tién tuong doi gitra cac
tiéu chi. Két qua cudi cung duoc bleu dién dudi dang
mét ma trdn so sanh, thé hién m01 quan h¢ gilra cac tiéu chi v6i nhau. Sau do, 5O ligu vé do
uu tién dugc tong hop dé c6 tri s6 chung cua muc d6 wu tién, doi hoi tong hop sb lidu duy
nhét vé do uu tién. Str dung phuong phap xac dinh chuén hoa vector W (vector trong s0) dé
hoan thién quy trinh. Cubi cung, tinh nhat quan cua cac so sanh cap dugc kiém tra, néu danh
gia khong dam bao tinh nhat quan thi thyc hién dénh gia lai tir dau. So do thuat giai thiét 1ap
thr bac thé hién trén Hinh 4.

Hinh 4. So db thuét giai thiét 1ap tha bac.

2.3.5. Phuong phap chuyén gia

Theo nghién ctru nay thi cac cong tac xac dinh diém tiéu chi bang phuong phap SAW va
xac dinh mtrc d6 uu tién ctia tiéu chi theo phuwong phéap phén tich thir bic déu duoc danh gia
thong qua phuong phap danh gia dinh luong va ban dinh luong. Theo d6 dua vao bang tiéu
chi dugc xay dung va bang thang diém duogc gidi thiéu tir trudce tién hanh cho diém tir cac
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chuyén gia dé xac dinh murc d6 rii ro ATVSLD cho cac mé. Cac chuyén gia thyc hién danh
gia 1a cac nha khoa hoc c¢6 chuyén mén trong linh virc khoan nd min, cac nha quan 1y vé
ATVSLD, céc can bd ky thuat, chi huy nd min,... Sb lugng dénh gia cang nhiéu mirc do
chinh x4c cang cao tuy nhién cac danh gia phai dam bao tinh nhit quéan.

2.3.6. Xtr 1y s6 liéu

Sau khi thuc hién thu thap két qua danh gia tir cac chuyén gia thuc hién xt 1y s liéu trén
phan mén Microsoft Excel dé xir 1y két qua trén ma tran danh gia. Cac budc thuc hién bao
gf)m tinh tong diém tiéu chi; xac dinh trong s6 trung binh theo timg hang; gia tri riéng lon
nhit cia ma tran so sanh; ty sd nhéat quan CR (Consistency Rate); tinh vector nhét quan
(ConS|stency vector). Khi Két qua danh gia dam bao tinh nhat quan thi xac dinh chi sd
ATVSLD bang cach tich hop diém danh gia tiéu chi v6i mtc dd quan trong ciia tiéu chi danh
gid, tir 46 phan loai va két luan.

3. Két qua va thio luin

Dua vao bang tong hop céc chi tiéu danh gid mic 46 ATVSLD trong hoat dong khoan -
no min. Ap dung phuong phap phan tich thir bic AHP dé xac dinh trong s6 cho timg tiéu chi.
Chi s6 an toan tinh cho ting mo dya trén két qua phan tich, tich toan bang ky thuat phan tich
thit bac AHP. Gia tri c6t 15i cua tiéu chi va muc d6 dap tmg dugc thé hién qua cac diém sb
va day 1a yéu t6 quan trong quyét dinh dén gia tri chi s6 ATVSLD cho cac mo6 khai thac da
VLXD. Ty sb nhat quan cta danh gia duoc xac dinh dé cho thay, két qua danh gia cho diém
clia chuyén gia 1a pht hop véi yéu cau cua k¥ thuat phén tich thir bAc AHP hay khong (CR
< 10% di v6i ma tréin c6 kich thuéc 16n hon 20 x 20 va CR < 9% doi véi ma tran kich thude
20 x 20). Két qua tinh toan cho diém sau khi dugc xir 1y s lidu thé hién trén ma tran tiéu chi.
Thuc hién phép nhan ma tran gitra gia tri trong s6 ctia phuwong an theo 20 tiéu chi (T1 + T20,
ma tran kich thudc n x 20) va gia tri trong s6 (ma tran kich thudc 20 x 1). Két qua xac dinh
trong so tiéu chi thé hién trong Bang 4.

Bang 4. Gia tri trong s6 cua tiéu chi.

Tiéu chi Gia tri riéng Téng gia tri riéng Vector nhét quan Trong s6
T1 0,059 1,259 21,315 0,146
T2 0,058 1,250 21,598 0,041
T3 0,058 1,250 21,598 0,124
T4 0,103 2,238 21,630 0,032
T5 0,156 3,369 21,629 0,029
T6 0,065 1,362 20,889 0,032
T7 0,015 0,313 21,016 0,032
T8 0,027 0,549 20,657 0,076
T9 0,072 1,521 21,110 0,076

T10 0,045 0,954 20,959 0,013
T11 0,015 0,306 20,860 0,146
T12 0,024 0,496 20,827 0,014
T13 0,014 0,286 20,398 0,014
T14 0,039 0,821 20,969 0,032
T15 0,024 0,513 21,453 0,032
T16 0,043 0,911 21,219 0,030
T17 0,039 0,825 21,057 0,014
T18 0,031 0,652 20,895 0,007
T19 0,091 1,958 21,630 0,034

T20 0,023 0,488 21,311 0,078
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- Gié tri riéng lon nhét ctia ma tran 20%20 khi thuc hién so sanh:

ZZl }\’
M = 2L 1 = 21,176 (1)
o 21
- Chi s0 nhat quén CI:
cl=2me =" _ 4 06189 @)
14 14 n _1
- Ty s0 nhat quan CR dugc xéc dinh:
CR:Q:M=0,0389=3,89%<9% (3)
RI 1,59

DPam bao tinh nhat quan, nhu vay két qua tinh toan 1a phu hop. Gia tri trong s6 dugc xac
dinh theo Bang 5.

Béng 5. Phan nhom tiéu chi.

Nhém Tiéu chi Trong s6 ()

Cong tac thi cdng nd min (T5)
Cong tac khoan 16 min (T4) 4
Tuén thu cac quy dinh phap luat (T19)
Neudi lao dong (T9)
Kiém tra, giam sat trudc trong va sau khi né min (T6)

Hé thdng khai thac an toan theo quy chuan (T1) 3

Van chuyén VLNCN (T3)

Bao quan VLNCN (T2)
Hé théng quan 1y ATVSLD (T10)
Céng tdc PCCC (T16)
Céng t&c PCTT (T17)
Ban hanh hé thng quy trinh, noi quy ATVSLD (T14)
Bao dam an ninh trat tu (T18)
Nguoi quan 1y, giam déc diéu hanh (T8)

Moi truong lao dong (T15)

Thyc hién danh gia riii ro cac nguy co mat ATVSLD trong cong tac
khoan né min (T12)
T4i da hoa ngudn luc (T20)
Ung dung céng nghé sb va mirc do hién dai cua thiét bi (T7)
Tuyén truyén, gido duc, khen thuong, ky luat (T11) 1
Cham séc stic khoe nguoi lao déng (T13)

|
(trong s6 >0,08)

I
(Trong s6 tir 0,05-0,08)

m
(trong sb tir 0,02-0,05)

v
(trong s6 <0,02)

Ghi ch: I- Nhom cac tiéu chi “rat quan trong”, 1a cc tiéu chi khong thé thiéu ddi véi cong tac ATVSLD;
I1- Nhom cac tiéu chi ¢6 tam anh hudong truc tiép toi mic d6 ATVSLD; III - Nhom cac tiéu chi ¢6 tim anh
huéng gian tiép toi mirc 6 ATVSLD; IV- Nhém cac tiéu chi it c6 tam anh hudng dén mic do ATVSLD.

Pé x4c dinh chi sb an toan cua hoat dong khai thac da VLXD trén dia ban khu vuc Nam
Trung Bo st dung phuong phap ding chi tiéu tong hop khéng don vi do. Theo phwong phap
nay cho phép gop tat ca cac chi tiéu c6 don vi do khac nhau (quy trinh, thi cong, ngudi lao
dong, quan 1y, ...) vao mQt ma trén tiéu chi téng hop va xéc dinh tht ty vu tién. Quy trinh xac
dinh chi s6 an toan trong hoat dong nd min tai cac mo khai thac da VLXD trén dia ban cac
tinh Duyén hai Nam Trung b dugc d& xuét theo so d6 hinh 5. Chi s6 ATVSLD trong hoat
dong khoan - nd min “I,” 1a tong cac gia tri thé hién trong két qua cia phép nhan ma tran
gifta gi4 tri trong sd clia phuwong an theo 20 tiéu chi (T1 + T20, ma tran kich thudc n x 20) va
gia tri trong sb (ma tran kich thude 20 x 1):

=2 TxB, (4)

Trong d6 Ti la diém danh gia mic do ATVSLD cua tiéu chi thir “i” ¢6 trong s6 twong
ung la Bi.

Dua theo gia tri chi s6 ATVSLD trong hoat dong khoan - nd min “Ia” thuc hién phan
loai muc d0 ATVSLD trong hoat dong khoan nd min thanh 5 nhém nhu sau:
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+ Nhém | (N1): Nguy co mét an toan rat cao, khong chap nhan duoc (I < 60);

+ Nhom 11 (N2): Nguy co mét an toan cao, can phai khic phuc ngay (I = 61+120);

+ Nhom 111 (N3): Nguy co mét an toan trung binh, can phai theo ddi thuong xuyén (Ia
=121+150);

+ Nhom 1V (N4): Nguy co mét an toan thap, can phai theo déi (I = 151+180);

+ Nhom V: Bao dam an toan (I5 > 180).

Bit dau

(1) Thanh lap t6 chuyén gia

(2) Xem xét cac muc ti€u va rang budc,
diéu kién cua du an

'

(3) Xac dinh céc tiéu chi sang loc
(Xem dat hay khong dat vdi myc tiéu bai
toan dua ra)

Khong cd tiéu chi
dat yéu cau sang loc

(4) Bua ra sang loc so bd
(loai bo cac tiéu chi khong dat yéu
cau theo tiéu chi sang loc)

S4 tiéu chi dat yéu cdu sang loc >1

(5) P& xuét, tip hop cac bd tiéu chi ap dung
cho dy 4n dya trén b tiéu chi ban dau

=1

h 2 h 4

=
, , LR , A , <3 ,g
(6) Tinh toan ra trong sd cua tirng tiéu , (7) Tinh todn dl?m CZ}C At} o ;Chl ; s
chi st dung phuong phap AHP (str dung phuong phép chi tiéu tong hop| € g
¥ khong don vi do) = =
| | -
Y i =
. , 3 2
(8) Tinh ton diém b tiéu chi tong hop e
%

v

(10) Sap xép, phan nhom céc bé tiéu chi

(11) Tién hanh tinh toan chi sb an toan
cua dy an

(12) Két luan mtrc d6 an toan
cua du an

Duy an an toan

Két thuc

'

Hinh 5. Quy trinh xac dinh chi s6 an toan trong hoat dong khoan nd min tai cac mé da VLXD khu
vuc Nam Trung B9.

Qua khao sat diéu kién thuc té cua cac mo khai thac da VLXD khu vuc Nam Trung Bo,
tién hanh cho diém danh gia v6i 24 mo va xur 1y sb liéu dua ra két qua tham khao thé hién
trong Bang 6. Cac gia tri mirc d0 an toan theo timg nhom phan loai ¢ trén N;j trong tmg voi
téng gia tri chi s ATVSLD (I) cia cac tiéu chi co trong sb tiéu chi 1a Bj, (véi gid tri j =
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1,2,3,4 thé hién trong bang 5). Theo két qua thi 8 m6 c6 nguy co mét ATVSLD thap, 16 mo
c6 nguy co mat ATVSLD trung binh. Can c6 céac bién phap hiéu qua dé giam thiéu cac nguy
co mat ATVSLD trong hoat dong khoan n6 min tai cac mé nay.

Bing 6. Chi s6 ATVSLD tinh cho cac nhom trong s6 tiéu chi.

Tinh TT Mé N1 N2 N Na la
1 Hoa My 32 39 60 8 139
2 Phu Thanh 32 36 46 7 121
Pha Yen 3 Dég:_ SL’J_(; 44 42 60 7 153
4 Sudi Biéu 44 48 48 8 148
5 Sudi Coi 40 45 58 11 154
6 Tan Lap 32 39 52 11 140
7 A Chau 36 39 60 10 145
8 Thién Ph( Phat 36 42 50 9 137
Khénh Hoa 9 HQn Thi 32 45 52 11 140
10 Ho6 Hanh 48 45 46 11 150
11 Thanh Danh 40 45 58 10 153
12 Hon Héo 28 48 52 10 138
13 Hon Giai 32 48 58 7 145
14 CoLo 36 42 48 7 133
Ninh Thuan 15 Cg‘) L_c‘z 2 40 33 48 5 126
: 16 TaLién 44 45 52 9 150
17 Nui Giang 36 51 54 5 146
18 Lac Tién 32 42 48 7 129
19 NUi Tao 36 51 54 9 150
20 NUi Day 40 57 50 7 154
Binh Thuan 21 Te}zon 2 48 51 56 9 164
: 22 Bac Tazon 44 45 44 10 143
23 Chop Vung 44 45 48 8 145
24 Tazon 5 32 36 46 8 122

Thao lufin: Qua khao sat diéu kién thyc té ctia cic mo khai thac da VLXD khu vire Nam
Trung BO, tién hanh cho diém danh gia V01 24 mo6 va xu ly sO liéu dua ra két qua tham khao
thé hién nhu sau: ¢6 1 mo c6 nguy co mAy an toan cao can phai khiac phuc ngay, 16 mo co
nguy co mat an toan trung binh can phai theo doi va kiém tra quy trinh ATVSLD thuong
xuyén, 8 mo co nguy co mat an toan thép can phai theo ddi. Cac mo c6 nguy co mat ATVSLD
trung binh c6 hién trang céng ngh, thiét bi khai thac kha lac hau tai mo, cong nhéan co tudi
doi va kinh nghiém chwa nhiéu, qua trinh thi cong né min tiém an nhiéu nguy co c6 thé xay
ra tai nan lao dong, anh huong tdi sttc khoe nguoi lao dong. Trong céc ti€u chi danh gid thi
tiéu chi vé céc bién phap thi cong khoan, nd min duoc xay dung kha chi tiét, cung voi viée
tudn thi cac quy pham an toan thi day 1a 2 tiéu chi dugc dénh gia voi trong s cao, néu khong
tun th c6 thé gay tai nan lao dong nghiém trong khong thé kiém soat. Cac tiéu chi vé con
nguoi cling dan dugc chuyén mon héa khi nhidu mé thué cac don vi chuyén mén thyc hién
cong tac nd min trén cac mo, cac thg min cua cac don vi thué ngoai dugc dao tao tay nghe
kha bai ban va co chuyén mén tét. Tuy nhién, mot sd mo Van tu thuc hién cong tac khoan nod
min cho mo voi ddi ngii tho min chwa duoc dio tao tot vé chuyén mon va khong thudng
xuyén dugce huin luyén an toan. Cac quy trinh vé nhan dién, danh gia va kiém soét rai ro
ATVSLD trong hoat ddng nd min ciing nhu cac hoat dong khai thac chwa duoc xay dung bai
ban chi tiét cac tai liéu vé ATVSLD chil yéu vén 1a cac bd quy chuan quy pham ATVSLD.

4. Két ludn

Két qua nghién ctru mudn nhan manh vao phuong phép dé xac dinh chi s6 ATVSLD
thong qua viéc danh gia cac tiéu chi lién quan khi thyc hién cong tac khoan nd min tai cac
mo da VLXD no6i chung. Thong qua phuong phap nay c6 thé gitp doanh nghiép kiém tra lai
quy trinh t6 chirc san xuat va quan 1y vé ATVSLD trong hoat dong nd min ctia doanh nghiép
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cac doanh nghiép khai thac da VLXD tai khu vuc Nam Imng 9B(f) néi’riéng va cac mo khai
thac khoang san str dung phuong phap khoan ndé min dé chuan bi dat da ¢ Viét Nam noi
chung.

Pong gop cua tac gia: Xay dung y tuong nghién ctu: D.N.H., N.D.A.; Lua chon phuong
phap nghién ciru: D.N.H., T.D.B.; Xtr 1y s6 liéu: D.N.H., N.D.A., T.D.B.; Khoa sat lay phiéu
cho diém: N.D.A.;Viét ban thao bai bao: D.N.H., N.D.A., T.D.B.; Chinh stra bai bdo: D.N.H.,
N.D.A., T.D.B.

Loi cam on: Nhom tac gia xin cam on su tai tro tir dé tai cap co so, Ma s6 T24-21: “Nghién
ctru dé xuét cc giai phap nang cao hiéu qua cong tac quan 1y an toan, vé sinh lao dong cho
cac don vi khai thac mo st dung vat liéu nd cong nghi¢p trén dia ban tinh Ninh Binh” ctua
Truong Pai hoc Mo - Dia chat.

Loi cam doan: Tap thé tic gia cam doan bai bao niy 13 cong trinh nghién ciru cia tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Applying a multi-criteria evaluation method to determine the
level of occupational safety and health in the blasting process for
limestone quarries in the Nam Trung Bo of Vietnam

Nguyen Dinh An*2?, Do Ngoc Hoan'?, Tran Dinh Bao'?*
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Abstract: Blasting operations for quarrying are inherently associated with numerous
occupational safety and health risks, including explosions, collapses, generation of dust and
toxic gases, and the impact of shock waves and air blasts. Therefore, it is essential to conduct
stringent assessments and controls of production activities to ensure the safety and health of
workers. This study employs a multi-criteria evaluation method, based on establishing
safety and health objectives to develop a set of assessment criteria. These criteria are
analyzed and evaluated based on their relevance, feasibility, measurability, and suitability
to the spatial and temporal conditions during blasting operations at construction material
quarries. The study uses a dimensionless linear combination function to determine the
criteria scores, which form the basis for identifying the safety and health levels in blasting
activities at these quarries. The hierarchical analysis method is incorporated to prioritize the
criteria in relation to each other, allowing for the calculation of a safety and health index.
With 55 quarrying limestone in the Nam Trung Bo region of Vietnam, this study selected
22 representative quarries to investigate and determine occupational safety and health
indices during blasting operations. By synthesizing the research results for blasting activities
at construction material quarries in the Nam Trung Bo region, the study contributes a new
method to practice for identifying hazards and forecasting safety and health levels in
blasting operations. This aims to develop technical safety measures for these activities.

Keywords: Safety; Occupational hygiene; Multi-criteria; Construction materials; Analytic
hierarchy process.
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Tém tit: Binh Duong Ia tinh cong nghiép ¢ phia Nam, c6 téc do thi hoa cao véi 5 thanh
phd ty 1¢ do thi hoa trén 84,4%. Tinh trang ngép lut do thi gia tang ve tém sut va muc do,
anh huong t6i phat trién kinh té ciing nhu doi song xa hoi nhimg ndm gan déay.Tuy nhién,
nghién ctru vé& ngap d6 thi cho tinh Binh Dwong kha han ché, diéu nay dan dén thiéu co so
khoa hoc cho xay dung cac giai phap quan ly lii & Binh Duong giai doan 2030 va 2050.
Ngoai ra, Iya chon giai phap cho quan 1y ngap d6 thi hién nay con khoang tréng trong
nghién ciru két hop giita hai nhom giai phép cong trinh va giai phap dwa vao ty nhién, ma
cha dao dé xuit riéng 1é. Vi vay, muc tiéu nghién ctru xac dinh nguyén nhén, xu thé yéu t6
ngay ngap 1, dong thoi du bao tic dong ngap 1ii trén 5 thanh phd cua tinh, tir d6 dé xuét
giai phap thich tng két hop giira giai phap cong trinh va giai dya vao ty nhién. Phuong
phép kiém dinh thong ké va mo hinh thiy van - thay luc duge ap dung. Két qua cho thay
mua 16n va triéu cudng c6 xu the ngay cang gia tdng va day nguyén nhan chinh lam tinh
trang ngdp, va mirc do ngép tram trong hon bai tinh trang d6 thi hoa va bién d6i khi hau.
Nghién ctru dé& xuat ba nhom giai phap chinh gdm (1) hoan thién hé thdng cong trinh doc
song chinh (ii) cai tao duy tri cac sudi thoat nudc két hop vai giai phap dong luc (iii) duy
tri khu vuc trir nude doc song Sai Gon.

Tir khéa: Ngap Iut; Thanh phd; D6 thi hoa; Triéu cuong; Mua 16n; Pong Nai - Sai Gon;
Binh Duong.

1. Pit van dé

Ngép lut do thi ngay cang tr¢ thanh van de toan cau do anh huong cua qua trinh do thi
hoa nhanh va bién d01 khi hau lam gia ting vé tan suét va cuong suat cua cac tran mua [1,
2]. Nhitng tién bo gan day trong nghién ctru vé ngap lut d6 thi bao gom su phat trién cua
cac md hinh dua trén nguyén tic vat 1y (thay van - thiy lyc) tién tién va tmg dung cac k¥
thuat tri tué nhan tao va hoc may [2, 3]. Mot s6 mé hinh dién hinh nhu HEC-RAS/HMS,
MIKE, va SWMM, ngay cang dugc sir dung dé danh gia nguy co ngap lut, mic du van t@)n
tai thach thire trong viéc thu thap dir liéu c6 do phan giai cao ¢ mo phong chinh xac 4. Cac
giai phap quan 1y ngap lut d6 thi phd bién bao gdm cac giai phap cong trinh, giai phap phi
cong trinh co tinh d6i méi thién hudng giam tac dong va dwa vao tu nhién 4. Giai phap dua
vao ty nhién ngay cang dugc cong nhan cé trién vong trong quan 1y riii ro 1d lut d6 thi va
thich tng véi bién d6i khi hau. Cac giai phap nhu hé théng thoat nude do thi bén viing, co
sO ha téng xanh va thanh phé bot bién, ¢6 thé thich ing voi 1 lut do cdc sy kién mua 16n co
tan sudt cao dong thoi mang lai cac loi ich kinh té, sinh thai va xa hoi [5, 6]. Tuy nhién,
nhiing giai phap nay c6 thé kém hiéu qua hon dbi véi hién twong thoi tiét cuc doan, va cong
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gop nhleu yéu t (1, mua 16n, nudc dang), doi hoi phai tich hop voi giai phap cong trinh
truyén thdng 6. Viéc tich hop cong nghé tién tién, ha tang xanh va két hop véi cac giai phap
cong trinh xem xét ca yeu t6 kinh té - xa hoi 1a diéu can thiét dé xay dung cac chién lugc
hi¢u qua va toan dién nham ting cuong kha ning chong chiu vdi ngép lut do thi [1, 4].

O Viét Nam, ngdp lut d6 thi dang tr¢ thanh van dé nghiém trong dic biét ¢ cac thanh
phé 16n nhu Tp. H6 Chi Minh, Ha Noi, Pa Néng, Can Tho, dd gy ra nhimg t6n that kinh
té, anh huong chét luong cudc séng cua ngudi dan va thiét hai cho co s& ha tang. Céc yéu
t6 chinh gdp phan gy ra ngap lut bao gdm mua 16n, triéu cudng, nude bién dang do bién
d6i khi hau (BDKH), qua trinh d6 thi hoa nhanh chéng, va quy hoach chua phu hop. Vé
mit phuong phép, tmg dung mé hinh toan thuy van, thay luc dé danh gia nguyén nhan va
x@y dung giai phap ap dung phd bién trong cac nghién ctru ngap lut d6 thi [7-10]. Giai
phap chong, giam thiéu va thich tmg ngap lut d6 thi, cac giai phap cong trinh nhu cong
ngan tridu, dé, tram bom hién nay dong vai tro chii dao trong khi d6 cac giai phap vé thoat
nudce d6 thi bén ving, giai phap dwa vao tu nhién dan duoc nghién ctru & quy mé nho [11,
12]. M6t van dé con dang bo ngod chinh 13 nghién ciru sy két hop gitta cac giai phap cong
trinh ¢6 quy mé 16n va cac giai phap dwa vao ty nhién phan tan quy mo nho dé gia ting
hiéu qua chong 1ii, thich ing véi bién doi khi hau cho khu vuc d6 thi [11, 13].

Binh Duong dugc danh gia 1a mot trong nhiing tinh c6 toc do do thi hoa, cong nghiép
hoa nhanh ¢ Viét Nam, v&i 65% co cau kinh té 13 san xuat cong nghiép, trong d6 sd khu va
cum cong nghiép lan luot 14 29 khu va 12 cum véi téng dién tich 21 ngan ha. Vé mit do thi
hoéa, 5 thanh phd cua Binh Duong (Thi Dau Mét, Di An, Thuén An, Tan Uyén va Bén Cat)
c6 ty 1¢ d6 thi hoa déu trén 84,4%. Dén sb tinh Binh Duong 1a 2.685.513 ngudi nam 2021,
mat d6 964 ngudi/km? cao hon mat do trung binh ctia ca nude (297 ngudi/km?), diung thir 2
sau TP. H5 Chi Minh trong viing Dong Nam Bo.

Vé tac dong ctia ngap lut do thi, ngap lut do thi co thé gay ra thiét hai 1on vé kinh té va
lam gian doan nghiém trong doi séng nguoi dan ciing nhu chice nang d6 thi [14, 15]. Xem
xét & khia canh kinh té, cho thdy d6i voi cac d6 thi véi mirc dd do thi hoa cao, va 1a noi tap
trung nhiéu cum, khu cong nghiép, thuong mai, dich vu nhu TP. H6 Chi Minh, Binh
Duong... mutc d6 t6n thuong do ngap i gay ra s€ la rat 16n. Hién trang nghién ctru ngép la
& d6 thi tinh Binh Duong khé han ché, cic nghién ctru ngép chu yéu trong cac quy hoach &
quy mo luu vuc [16, 17].

Tt nhitng phén tich trén vé hién trang nghién ctru ngdp do6 thi tai Binh Duong, ve
khoang tréng trong danh gia su két hop giita cac giai phap chong ngap quy mé 16n két hop
v6i cac giai phap dua vao tu nhién & Viét Nam, dac biét xem xét toi diac diém dia phuong
trong ra quyét dinh lya chon giai phap. Muc tiéu ciia nghién nay ctru nhim lam 1 (i) x&c
dinh nguyén nhan, xu thé cta cac yéu td gay ngap lut trén dia ban tinh Binh Duong; (ii) du
bao tac dong ngdp 1l 1én ndm thanh phé gém Di An, Thuén An, Bén Cat, Thu Dau Mot va
Tan Uyén xem x¢ét t61 anh hudng cua bién d6i khi hau nudc bién dang (BDKH-NBD); (iii)
dé xuit giai phéap thich tmg két hop giita giai phap cong trinh va giai phap dya vao ty nhién
phu hop véi dic diém ngap 1i cua timg thanh pho Két qua nghién ctru ky vong lam co s&
khoa hoc trong xdy dung giai phap quan 1y bén viing cho cac do thi tinh Binh Duong.
Tuong tu, ap dung cho cac do thi, thanh phd khéc trong ap dung két hop giai phap cong
trinh va giai phap dua vao ty nhién thich tmg vé6i ngap lut dudi tic dong ctia phat trién kinh
té va BDKH.

2. Phuwong phap nghién ciru va dir licu

2.1. Gioi thiéu khu vwec nghién cuu

V& mit ty nhién, Binh Duong thudc khu vyc ha luu vyce hé théng song D@)ng Nai - Sai
Gon, voi 4 song 1on chay qua dia ban tinh (song Pong Nai, song Sai Gon, song Bé, va song
Thi Tinh). Ngoai ra, sudi, va rach 1a phu luu céc song nay phan bd & cac khu vuc ven
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song.Vé mit dia hinh, c6 hai dang dia hinh chinh: d6i ndi thip va bang phang phan b chu
dao trén toan tinh, trong khi dé dia hinh nuai va thung lling, bai boi cb ty 1€ nhé. Dang bai
boi phan bd doc céc song 16n véi gid tri cao do thép hon 2,0 m, day 1a khu vyuc ¢6 rii ro cao
tac dong boi 1 lut, ngap triéu.

V& hién trang ha téng thoat nudc va thuy 1gi, mot s6 khu vuc ha tﬁng xay dung da lau
va thiéu ddng bd va chua khép kin giita cac khu vuc cii va méi. Ngoai ra tinh trang cac
sudi, rach chinh bi 14n chiém khong gian dan t6i giam kha ning thoat nudc [18]. Ha tang
thiy loi hién trang gdm: dé séng véi chiéu dai 44,757 km (cao trinh tir +1,7-2,2 m) cong
trinh thay loi va ha tang k¥ thuat thoat nudc lan luot 1a 38 va 8 cong trinh. Vi hé thong
nay, tong dién tich tudi thiét ké 3.891 ha va 21.338 ha tiéu thoat nuée. Nhiém vu chinh cta
ha tang thuy loi hién nay 1 tudi, tiéu phong lii trong san xuat néng nghiép, va hd tro tiéu
thoat nudc cho khu vuc d6 thi, dan cu va khu, cum cong nghi€p. Panh gia chung ha téng
thay loi, hd tro tiéu thoat 1d xay dung kha 1au, va chua khép khin dac biét & mot s6 khu vuc
do thi [19].

Dic diém va hién trang ngép lut, cc yéu t6 gay ngap lut & Binh Duong dén tir tac dong
riéng 1€ va cong gOp cua 10 tir thuong nguodn cua luu vuc song Pong Nai - Sai Gon, mua
16n va triéu cudng. Nhom yéu t6 1am gia ting mirc do ngap gom do thi hoa, yéu té bién doi
khi hau. Trong hon 20 nam tr¢ lai day, tinh trang ngap dac biét ngdp lut d6 thi cua Binh
Duong ¢6 xu hudng gia ting, voi hon 88 diém ngap khu vuc dan cu, va 13 diém ngap khu
vuc ndng nghiép trén toan tinh; va dic biét co nhiéu diém ngap ning va thuong xuyén xay
ra khi ¢6 mua 16n, dic biét & cac TP. Thuan An, Thit Dau M6t, Di An [18].
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Hinh 1. Khu vuc nghién ctru.

2.2. Tai liéu sw dung trong nghién ciru

Khung nghién ctru: Nghién ctru thuc hién qua ndm budc chinh nhu trinh bay trong O
gom: (i) thu thap va xir 1 dit ligu vé khi twong thuy van (KTTV), s li¢u dia hinh, sir dung
dat va so liéu dan sé dé phuc vu danh tac tac dong ngép, cing nhu danh gia xu thé, va xay
dung kiém dinh mo hinh toan; (ii) kiém dinh thdng ké xu thé cta cac yéu té gdy ngap tir d6
lam co s& xay dung kich ban mo phdng, xay dung kich ban cho nghién ctru; (iii) xay dung
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mo hinh mua dong chay (MIKEI1-NAM) chi tiét cho cac sudi tinh Binh Dwong, hiéu chinh
va kiém dinh mé hinh MIKE11; (iv) danh gia tac dong ngép 1 1én dan sinh, s dung dat va
phan tich dac diém ngép 1i; (v) dé xuat giai phap thich tng.

(1) (2) (3) (4) (5)

THU THAP VA DANH GIA XAY DUNG | MOPHONG Al PHA
) XULYDULIEU XUTHEKTTV & HIEU CHINH, ) BANH GIA TAC pONG | PEXUAT GIAI PHAP
/‘ XAY DUNG KICH BAN KIEM BINH MO HINH | :
1. D ligu KTTV 1. Danh gia hién trang viing | [1. Xay dung md hinh mwa | [1. Mé phéng cac kich ban 1. D& xuét giai phap thich
2. Dir ligu str dyng dat hign nghién ctru dong chay (MIKE-NAM) 2. Phan tich thay déi clia la, | |(rng cho cac thanh phd
trang va quy hoach 2. Phan tich théng ké md ta | |cho khu vuc tinh Binh & thay ddi tac dong ngap lut | [2. D& xuét gidi phap thich
3. D&rliéu dia hinh 3. Danh gia xu thé, kiém dinh | [Dwong 3. Danh gia tac déng ngap Iut| |ng theo dac diém 10
4.Deligudanso théng ke 2. Higu chinh va kiém dinh | hién trang va giai doan 2030,
5. Théng tin, nghién cirulién | 14 Xay dyng kich ban MIKE 11 2050.
quan

Hinh 2. So dd ciu trac ctia nghién ciru.

S6 liéu, tai lidu str dung trong nghién ctru: M6 hinh MIKE gém (MIKE11 va MIKE11-
NAM) phat trién boi Vién thuy luc Pan Mach [20, 21]. M6 hinh MIKE trong nghién ctru
ké thira tir mo6 hinh cua Vién Quy hoach Thuy loi Mién Nam [22] dbi voi khu vyc tinh
Binh Duong MIKE11-NAM dugc chi tiét hoa cho cac song, sudi trong tinh, co 47 tiéu luu
vuc; sO lidu xa tir cac hd thuong luu Dau Tleng, Phuéc Hoa, va Tri An tir 1980-2021; s
liéu myc nuéc triéu dic trung tai tram Tha Dau Mot, Dau Tiéng, Phti An, Bién Hoa tir
1980-2022; sb liéu muc nuée tridu gio Thu Dau Mot, Dau Tiéng, Phti An, Bién Hoa nam
2019 & 2020; sb liéu mua ngay tir 1980-2021 tai cac tram S& Sao, Dau Tiéng, Phudc Hoa,
Tan Uyén va Thuan An; Ban dd su dung dat nam 2021, s6 liéu dan sd théng ké dén nam
2021.

2.3. Thiét ldp mé hinh todn

Pham vi m6 hinh MIKE11, mé hinh xay dung cho khu vuc ha luu séng Dong Nai-Sai
Gon, tir ha luu hd Dau Tiéng, hd Phudc Hoa, Tri An chiy ra Bién Pong trinh bay trong
Hinh 3a. Cy thé, mé hinh c6 126 séng kénh 16n nho, trong d6 cé cac séng 16n nhu séng Sai
Gon, Pong Nai, song B¢, va song Thi Vai. Bién mé hinh gom: (1) Bién thuwong luu (5 bién)
lwu lwong xa tir cac hé Dau Tiéng, Phudc Hoa, Tri An, song Vam C6 Pong (tinh tir mo
hinh mua dong chdy), va song Vam Co Tay (tai Moc Hoa); (2) bién ha luu (4 bién) tai cac
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trinh bay Hinh 3b. NAM ving nghién ctu.
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Hinh 3. (b) Ban do sir dung dat - hé s6 dong chay cac tiéu luu vue.

2.4. Phuong phdp danh gia xu thé va ddnh gid kha ning mé hinh todn

Do cac dic trung sb liéu danh gia xu thé khong tuan theo phan phdi chudn. Vi vay,
phuong phap kiém dinh phi tham s6 gém kiém dinh Mann-Kendall va u6c luong Xu thé
Sen dugc lya chon dé danh gia xu thé [23]. Day la nhitng phuong phép phi tham s6 duoc
dung pho bién dé xac dinh xu thé thay d6i cac yéu t6 khi tugng, thiy van, hai van [24, 25].

Kiém dinh Mann-Kendall: Kiém nghiém Mann-Kendall dang kiém dinh phi tham s6
[26, 27] chi sb thong ké Mann-Kendall S duoc tinh boi.

Szfisign(xj—xi) (@)

i=L j=itl
1 khi Xj — Xj >0
Trong do sign(x; — x;) 4 Okhixj —x; =0
—1khix; —x; <0
~Giatri S > 0 chi xu the tang, S < 0 chi xu thé giam. Tuy nhién can phai tinh toan xac
xuat di kem voi S va n dé xac dinh mirc y nghia cua xu hudng.
Phuong sai ctia S dugc tinh theo céng thuc:

VAR(S) = %[n (n-1)(2n+5)- 32, (t,~1)(2t, +5) @

Trong d6 g 1a sb cac nhom c6 gia tri giébng nhau, t, 1a s6 phan tr thudc nhom thi p.
Truong hop s6 lugng ¢ mau, n > 10, chi sb thong ké kiém tra chuan, Zs tinh theo cong thirc
Sau.

S—1
[VAR(S)]1/2’
Z, = 0,néuS =0 3)
S+1 x
W,neu S<0

Phuong phap uéc luong xu thé Sen (Sen’s slope): Pay 1a phuong phap phi tham sb dé

wdc tinh xu huéng trong mau N cip s6 lidu 23.

néuS >0

X =%,

Q. = median{ ———

-k

Trong d6 Xi, Va Xk 1a s6 lidu budc thoi gian thi j, va k v6i (j > k); n: s6 phan tir trong
chuoi so liéu tinh toan.

} voii=1,2,....N (4)
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Céc gia tri N cia Qj dugc Xép hang tur thép nhét dén cao nhit va do déc Sen duoc ude
tinh nhu sau:
Qn+17,néu N [é
-

Qmed = (5)

Qn + Qn+2,néu N chan
2 2
Gi4 tri Qmed dwong phan anh xu thé gia tang, va nguoc lai.
Danh gia do tin cdy cia mod hinh toan: Hé s tuong quan (R?) va hiu qua Nash-
Sutcliffe (NSE) dugc str dung de kiém tra mirc d6 phu hop ctia mé hinh. Hé sé twong quan
(R?) thé hién mdi quan hé tuyén tinh gilta cdc gia tri do dac va mo6 phong tinh toan tir mé
hinh. H¢ s NSE do luong muc do bién thién quan sat dugc dwoc giai thich bang mod

phong. Gia tri R% va NSE tién dén 1 thi mo6 hinh duoc xem 1a dat méc do tin cay t6i da
[28].

2.5. Hiéu chinh va kiém dinh mé hinh todn

Mo hinh dugc hi€u chinh thoi gian mua 1 2019 va kiém dinh mua 1d 2020. Hinh 4
trinh bay so sanh myc nudc gio két qua hiéu chinh va kiém dinh thang 9 tai cac tram Bién
Hoa, Thit Dau Mot, Phu An va Nha Bé. Két qua cho twong dong vé pha giita két qua mo
phong va thyuc do, gia tri R? & cac tram déu 16n hon 0,9 trong khi ¢6 NSE 16n hon 0,8 so
sanh v6i tiéu chi ddnh gia mo hinh [28]. Két qua cho thay mé hinh phéan 4nh tét ché do thuy
vin, thay luc, du do tin cdy dé tmg dung mo phong cac kich ban trong nghién ciru.
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Hinh 4. Két qua hiéu chinh, kiém dinh véi s liéu thuc do cac tram thay vén trong ving nghién ctru.

2.6. Thiét ldp kich ban nghién ciru

Nghién ctru Iya chon danh gid ngap & t6 hop tin suit P = 1% xem xét tac dong cia
BPKH-NBD giai doan hién trang, 2030 va 2050 xem xét cac yéu to gdbm mua, tridu va xa
lii tai P = 1%. Tan suat P = 1% danh gia tac dong nguy co ngap lii 1én cac do thi, khu dan
cu v6i yéu cau bao vé cao. Du bao nudc bién dang khu vuc tir Miii Ké Ga - Mili Ca Mau
theo kich ban RCP 8.5 nam 2030 tang 14 cm va 2050 ting 28 cm. Vé lugng mua cuc tri
mot ngdy 16n nhat du bao ting phd bién 15+25% vao giita thé ky [29].
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3. Két qua va thao luin

3.1. Pdnh gid xu thé cdc yéu té gdy ngdp

Xu thé mua cuc tri ngay véi gia tri 16n hon 100 mm/24h trinh bay trong 0. Tram Dau
Tiéng, Phudc Hoa, S& Sao, va Tan Uyén c6 xu hudéng gia ting. Nguoc lai, Bén Cat va
Thuan An c6 xu thé giam. Diéu nay cho thiy, da phan tinh Binh Dwong mua cuc trj ¢6 xu
huong gia tang. Dinh lugng xu huong gia tang cua lwong mua cuc tri mot ngay 1on nhét,
gid tri 46 dbc va hing sb tau-value 4m tai tram Bén Cat va Thuin An thé hién xu thé _glam,
voi gia tri phan tram 1an luot 13 30% va 1%. Nguoc lai, cac tram con lai do dbc va hang sO
tau-value déu duong cho thdy xu hudng ting, v6i ty 1 phan trim tai Dau Tiéng va S& Sao
16n nhat trong chudi danh gia 1an luot 13 18,3 % va 15% (Béng 2).

Xu thé lvgng muwa ngay I&n nhét (>= 100 mm) tai céc tram dai dién Lwu lwgng xa I&n nhét qua tran hd Dau Tiéng, Phwéc Hoa, va Tri An
Bén Cat Déu Tiéng Phuwérc Hoa 600
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Hinh 5. Xu thé lvong mua ngay lon nhat trén 100 mm tai mot sé tram mua dai dién (a) va Luu
lugng 16n nhét va luu lwong xa 16n nhit cac hd Dau Tiéng, Phudc Hoa va Tri An (b).

Xu thé dinh Iii tir phia thuong luu, dong chay phia thugng luu duge diéu hoa boi hé
thong ho chira bac thang. Trong d6, ba hd cudi clng trong hé théng bac thang goém ho Tri
An trén song Pong Nai di vao hoat dong chinh thirc tir nam 1991, hé Dau Tiéng trén song
Sai Gon tir ndm 1986 va hd Phudc Hoa trén song Bé tir nam 2012. Luu luong x4 tir cac hd
tir nam 1980 dén nam 2022 cho ca giai doan chua c6 hd xdy dung va sau khi di vao van
hanh trinh bay trong Hinh 5. Tong quan, c6 thé thay trong 42 nam giam sat, 1l nam 2000 la
trén 1t ¢6 luu lugng dinh 10 ¢ trén ca 3 song déu nam trong ngudng gia tri 16n. Trong d6 hd
Déu Tleng xa véi luu lugng 600 m?/s, tai tram thily van Phude Hoa luu lugng udce tinh 1a
1.860 m%/s va hd Tri An xa 1a 2.550 m%/s. V& mit xu thé, luu lugng dinh 1i vé phia ha luu
trén cac séng c6 xu thé giam so sanh trong va ca trude thoi ky cac hd Tri An, Phude Hoa di
vao hoat dong.

Xu thé dinh triéu, tai cac tram nhu Pha An, Thi Dau M6t va Bién Hoa dinh triéu
thuong xuyén vuot cép bdo dong nhitng nam gén day. Cu thé, tai Thi Dau Mot muc nude
16n nhat nam 2021, va 2022 ghi nhén gié tri cuc dai 1an luot 1a 1,74 m va 1,76 m vuot BD3
(1,6 m) la 14-16 cm. Tuong tu, tai Phii An va Nha Bé ghi nhan gia tri quanh nguong 1,7 m
va vuot BD 3 trén 10 cm. Tai tram Bién Hoa, muc nude 1on nhat tur ndm 2016 dén 2021 ghi
nhan x4p xi BD 2 (2,0 m). Két qua kiém dinh xu thé cta dinh triéu bang phuong phap ude
luong do ddc Sen va klem dinh Mann-Kendall trinh bay trong Bang 1. Téng quan chung,
gia tri do dbc va hé s6 Tau-value duoc ghi nhan phd bién duong ¢ tit ca cac tram va cac
dic trung. Didu | nay cho thiy, xu thé gia ting ciia cac dic trung myc nu6e dinh tridu & cac
tram trong chudi danh gia, diéu nay phu hop v6i mot so6 nghién ctru lién quan [30-32].
Riéng tram Dau Tiéng, ddc trung ché do thuy van anh huong truc tiép boi van hanh cua ho
Dau Tiéng. Nhu da phan tich, nhiing nam gan day xu thé luu luong xa lii giam, do d6 muc
nude 10n nhat tai tram Dau Tiéng giam.
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Bang 1. Kiém dinh dinh triéu bang phuong phap Mann-Kendall va wdc lugng do doc Sen.

Tram P-value! Do déc Tau-value? Trungbinh[m] S6nim Ty Ié thay d6i [%] Xu hwéng
Bi‘én Hc}a 7,33E-08 0,02 0,59 1,72 41 37,75 Tang
Dau Tiéng 1,00E+00 0,00 0,00 2,30 21 -0,87 Giam
Pha An 4,17E-13 0,01 0,80 1,42 41 39,43 Tang
Thi Dau Mot~ 1,30E-04 0,04 0,92 1,56 11 24,74 Tang

1 P-value: Hé sd udc tinh mirc ¥ nghia thong ké cua kiém dinh, gia tri P xac dinh liéu xu huéng d6 co y

nghia thong ké hay khong, hay phan anh muc d6 chac chin cia kiém dinh thong ké, véi P-value < 0,05 ¢o thé
nhan dinh xu hudéng ¢6 ¥ nghia thong ké, ngugc lai chua du s6 lidu dé khing dinh c6 hay khong, hay chi 1a xu
huéng c6 tinh ngau nhién.

2 Tau-value: Hay con goi 1a Kendall's tau, mot thuéc do vé 6 manh va hudng cta mbi quan h¢ don di¢u
giita hai bién, Tau bién dbi tir -1 dén 1, vi gia tri gdn +1 phan anh xu huéng gia ting lién tuc, véi gia trj 0

khong c6 xu hudng, gan -1 xu huéng giam lién tuc.

Bang 2. Két qua kiém dinh xu hudng Sen’s slope va Mann-Kendall cho mua ngay > 100 mm.

Tram  P-value P dbéc Tau-value Trungbinh [mm] Sénim Ty Ié thay d6i [%] Xu hwéng
Bén Cét 0,09 -3,67 -0,42 131,70 11 -30,6 Giam
Dau Tiéng 0,13 1,31 0,27 129,29 18 18,3 Tang
Phusc Hoa 0,19 0,48 0,18 124,46 28 10,8 Tang
S& Sao 0,14 0,86 0,23 125,63 22 15,0 Tang
Tan Uyén 0,40 1,10 0,14 131,28 20 16,8 Tang
Thuan An 0,81 -0,08 -0,06 117,88 13 -0,9 Giam

3.2. Tac dong ngdp lil dw bdo dén nam 2030 va 2050

V& dién tich ngap, tong dién tich ngap ¢ 5 thanh phd khoang 9.724 ha trong d6 TP. Bén
Cat ¢6 dién tich 16n nhét 14 2.884 ha va TP. Thuan An nho nht 1a 931 ha & hi¢n trang. Gid
tri nay dy bdo gia tang 3% va 5% dién tich twong ing v6i 10.001 ha va 10.187 ha lan luot
dén nam 2030 va 2050 néu khong thyc hién bat ky giai phap thich tng. Mot sé khu vuc
ngap siu ven song va khu vuc cac sudi trong khu vyc thanh phd véi myc ngap trén 1,0 m.
Cu thé, tai TP. Tan Uyén céc xa/phuong nhu Thanh Hoi, Bach Dang va Thanh Phudc; TP.
Thuén An gém An Thanh, An Son, Vinh Pha; TP. Thi Dau Mot gom phudng Tan An,
Chanh My, Chanh Nghia; TP. DT An gdm phuong Tan Binh va Binh Thang (Hinh 8, 9).

Panh gia tac dong 1én dan sd, véi lii hién trang tong s6 ngudi nguy co bi danh huong
khoang 171.846 nguoi, va gia tang lén 176.400 nguoi nam 2030 va 181.177 ngudi ndm
2050. Trong d6 TP. Tan Uyén va Thuan An c6 s6 ngudi bi anh huéng 16n nhat lan luot 13
50.992 va 35.394 nguoi ¢ hién trang va du bao gia tang lén 51.853 va 39.835 nguoi giai
doan 2050. C6 thé thdy, TP. Thuin An mic du dién tich ngap nho nhat trong 5 thanh phd
nhung do mat d6 dan sb cao vi vay sd nguoi dy bao nguy co anh hudng boi ngap ding thir
hai sau TP. Tan Uyén (Hinh 7b).

Tac dong 1én co s& ha ting dat d6 thi va dat cong nghiép trinh bay tai Error!
Reference source not found.a, cu thé TP.Tan Uyén du bdo c6 dién tich anh huong ngap
16n nhat & hién trang 1a 829,7 ha trong khi d6 TP. D1 An ¢6 dién tich bi tac dong nhd nhét

(8  Dién tich dat do thi va cong nghiép nguy ca ngép (b) Dan s6 6 nguy cd anh hudng béi ngap lut
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Hinh 6. (a) Dién tich d4t d6 thi va cong nghiép nguy co ngap, (b) Dan sb c6 nguy co anh hudng bai ngap lut.
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371,3 ha. Tuy nhién, ty 1 dién tich d4t cong nghiép & TP. Di An bj tic dong chiém hon
30% tong dién tich bi tic dong trong khi d6 & TP. Tan Uyén chi chiém 2%. Muc do gia
tang dién tich ngap bi anh huong ciia TP. Thuan An du bao 16n nhat ting 13% (tir 415,5 ha
1én 469,6 ha), va ting 8% ghi nhan duoc tai TP. Thu Dau Mot va Bén Cat. Nguoc lai, & TP.
Di An va Tan Uyén mirc gia ting bién dong 1-2%.

BAN DO NGAP LU HIEN TRANG TAN SUAT P1%
ANH HUONG yi:N SUDUNG PAT ANH HUGNG LEN DAN CU

Nhém dét

Cong nghiép
1} Nong nghigép
D6 thi I T ! T T T |
" ) 5 10 20 Kilometers 20 Kilometers
Hinh 7. Ban d6 ngép I 1én s dung dat va dan s6 ¢ hién trang.
BAN PO NGAP LU NAM 2030 TAN SUAT P1% BAN DO NGAP LU NAM 2050 TAN SUAT P1%

ANH HITONG LEN SUDIUNG DAT ANH HUGNG LEN BAN €U ANH HUTONG LEN SU DUNG PAT ANH HUONG LEN BAN €U
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Hinh 8. Ban db ngép lii 1én st dung dat va dan s nam 2030 va nam 2050.

Du bao tac dong ngap il & nam thanh phd giai doan 2030 va 2050 cho thdy ngap li co
xu hudng gia tang tac dong 1é€n dan cu, khu vuc d6 thi, cong nghi€p véi mie do rai ro 1 &
cac thanh phd khac nhau. Cu thé, TP. Tan Uyén du bao c6 dién tich ngap 16n nhat pho bién
1a dit do thi, trong khi d6 TP. Di An c6 dién tich dat cong nghiép du bao anh huéng 16n
nhat. Mtic gia ting dién tich bi tac dong ngap 1i dén ndm 2050 trong kich ban mé phong du
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bdo TP. Thuan An c6 gia tri gia ting 16n nhat 14%, tiép d¢én TP. Thi Dau Mot va Bén Cat ¢
mirc 8%. Nguoc lai, Tan Uyén va Di An thay d6i khong nhiéu. Téc dong 1én dan cu, Tan
Uyén, va Thuin An 13 hai thanh phd c6 sé nguoi du béo bi tac dong 16n nhat trong d6 mac
du dién tich ngp 1ii nho nhit trong ndm thanh phd nhung do mat d6 dan sb cao nén mirc do
tac dong 1én dan cu & TP.Thuan An dung thir hai sau TP. Tan Uyén.

3.3. Pé xudt cdc gidi phdp thich iing gidm thiéu tdc ddng ngdp li

Két qua phén tich tic dong cho thidy mic du mot sé khu vuc c6 tuyén dé doc séng Sai
Gon, Thi Tinh tuy nhién cao trinh dinh dé khong dam bao chdng 1ii theo kich ban tinh toan
va hé thdéng dé chua kép kin. Vi vay, 1ii trén song tran vao khu vuc thip cua cac thanh phd
gy ngap. Ngoai ra, niang luc thoat cia cac sudi khong dam bao nén gy ngip mot sé khu
vuc cuc bo trong thanh phd nhu da phan tich (Hinh 9).
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Hinh 9. Phan vung thuy lgi va cac nguyén nhan gay ngép.

Diéu nay cho thiy, giai phap tong thé giam thiéu tic dong cta ngap i, cin xem xét
nang cap hoan thién tuyén phong thii doc séng (dé, tudng chan, cong ngan triéu...), két hop
duy tri khong gian thoat nudc, giai phap dong lyc va giai phap dya vao ty nhién cac khu trir
phan tan ving triing. Trong nghién ctru nay dé xuat can két hgp dong bo giai phap cong
trinh va giai phap phi cong trinh nhu 4p dung giai phap dua vao tu nhién (NbS) nhu phuc
ho6i dong chay tw nhién cua sudi, rach; hod diéu hoa; gia ting kha ning thim; gia ting tham
gia ctia cong dong; ha tdng xanh nhu mai nha xanh, tudng xanh.. hay cac giai phap cua hé
thong tiéu thoat nudc do thi bén vimg (SUDs) ciing 14 mot thanh phan ciia NbS, thién
huéng phit hop cho cac khu vyc da d6 thi hoa véi khong gian han ché. Trong khi dé, cai
giai phap NbS duong nhu gip thach thuc ¢ cac d6 thi hién hiru va phu hgp hon cho cac do
thi méi [13]. Do d6, trong nghién ctru nay dua trén dic diém ngép, diéu kién tu nhién, hién
trang va dinh hudng st dung dat s& dé xuét két hop gitra NbS, SUDs véi giai phap cong
trinh cho mdi d6 thi khac nhau, chi tiét trinh bay trong Bang 3.
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Bang 3. Dé xuét giai phap két hop giita giai phap cong trinh va phi céng trinh cho ting thanh phé.

Thanh phé

Giai phap céng trinh

Giai phap phi cong trinh

Bén Cat

Tha Dau Mot

Thuan An

- Lén dé két hop giao thong tir ctra song
Thi Tinh téi thi tran M§ Phude

- Kép kin va nang cap dé doc song Sai
Gon dam bao chong lu  Pl%.
- Giai phap bom ho trg

- Hoan thién tuyén dé An Son -LAi
Thiéu

- Xay dung cdng ngan triéu (Vinh Binh,
L&i Thiéu, Vam Bung, Ba Luya)

- Nao vét sudi nhu (Cﬁu Pinh, Ong Té,
Cha Vi, Cau Quan)

- Khu vyec trir chém [ ven song Sai Gon

- Duy tri ho dleu hoa

- Kiém soat hé sb dong chay nho hon 0.45

- Nao vét rach ty nhién (Subi Giira - Bung
Cau - rach Ba C6, Bung Biép - Subi Cat,
Rach Ba Lua, Ong Panh, Théy Niang, Thu
Ngfr, rach Tréu)

- Ap dung céc giai phap SUDs gia ting
kha nang tham bé mat

- Nang cép cac rach Rach Ong B, Cau
Miéu, Vinh Binh, rach Lai Thiéu, Théy
Nam, Rach Ba Lua

- Xay dung quy trinh van hanh két hop
gilt hé thong bao vé bén ngoai (d€, cong
ngan triéu) va khong gian trir bén trong

- Ap dung céac giai phap SUDs gia ting
kha nang tham bé mat

- Nang cap nao vét sudi Cay Truong, sudi
Ong Ngoi, sudi sdu Tan Thang, suoi Binh
Théng, song Ngoc - rach Ba Lo, rach Ba
Kham, rach Cai Cau (subi Xiép), sudi
Nhum

- Phbi hop véi Tp. Bién Hoa cta Ddong
Nai trong kiém soat lii tir song Pong Nai
- Ap dung céc giai phap SUDs gia ting
kha ning thim bé mit

- {\p dung Nb’S cho khu vuc d6 thi méi,
kiém soat h¢ so6 dong chay nho hon 0,4

- Xay dung qéng ngan triéu

DrAn - Nang c6t nén

- Khép kin dé b‘ao bao vé cu 190 Thanh
Hoi, va Bach bang; va doc sudi Cai 1én
tdi 3-4 km di vé phia thuong luu

Téan Uyén

4. Két luén

Nguyén nhan gay ngép 1t ¢ khu vyc do thi tinh Binh Duong gém mua 10n, triéu cudng
va il trén luu vuc. Cac yéu td nay tac dong riéng 1€, cong gop két hop véi tac dong gia tang
cua qua trinh d6 thi hoa va BDKH lam cho tan suat va muc do ngap lii gia tang. Nghién ciru
da chi ra mua 16n va triéu cudng gia ting trong giai doan hai thap nién gén day va la hai
nguyén nhan pho bién giy ngap 1ii ¢ cac thanh phd trong tinh Binh Duong; trong khi d6 1i
tir thuong luu co ban duge kiém so4t tot nhitng nim gan day.

Giai phap dé xuat dé giam thiéu tac dong va thich ung véi tac dong cua ngép 14, xay
dung két hop gilra giai phap cong trinh va phi cong trinh phu hop cac yéu t6 tu nhién cta
tung thanh pho Nhom giai phap dé xuat gdm gdm hoan thién tuyén phong lii doc song (de,
tuong chan, cong ngan triéu...), két hop duy tri, cai tao khong gian thoat nudc ctia truc thoat
nudc, giai phdp dong luc va giai phap dua vao tu nhién duy tri khu trir vung triing ven song
Sai Gon dé trit 1d.

Nghién ctru ndy da tim ra dugc nguyén nhan, phan tich xu thé cac yéu t6 ngay ngap lut
va budc dau du béo tic dong ngap i 1én nam thanh phd theo kich ban tan suat P1% giai
doan 2030 va 2050 tir 46 dé xuat cac giai phap thich tmg. Mot sb yéu td chua xem xét trong
nghién ciru nay nhu danh gia nang luc tiéu thoat cua hé thong thoat nude do thi, két ndi véi
hé théng thoat nudce ty nhién. Nghién ctru chi tiét cho timg luu vyuc doc 1ap theo ting thanh
phd duya trén nén tang nghién ctru luu vyc 1a diéu can thiét dé kiém tra cic giai phap dé xuat
mot cach cu thé. Van dé nay s€ dugc t1ep tuc lam rd trong nhirng nghién ctru t1ep theo.
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bong gop cia tac gia: Xy dung y tuong nghién ctru: D.T.H.; Lua chon phuong phap
nghién ctru: D.T.H., N.T.N.; Xt 1y s6 li¢u, m6 phong, phan tich so liéu: N.T.N.; Viét ban
thao bai bao: D.T.H., N.T.N.; Chinh stta bai bao: D.T.H.

Loi cam doan: Tap thé tac gia cam doan bai béo nay 1a cong trinh nghién ciru cua tap thé
tac gia, chua duoc cdng bd & dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khdng c6 sy tranh chap loi ich trong nhém tac gia.
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Assessment of flooding impact and investigation of adaptive
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Abstract: Binh Duong Province, an industrial hub in southern Vietnam, has a high
urbanization rate exceeding 84.4%. In recent years, the province has encountered a
significant challenge of urban flooding with increasing frequency and intensity, which
adversely affects socio-economic activities. Despite its importance, there is a noticeable
gap of urban flooding research in Binh Duong, resulting in a lack of scientific basic for
formulating the flood management for the 2030 and 2050 planning horizons. Moreover,
research on integrating structural and nature-based solution remains limited, as current
proposals predominantly focus on these approaches in isolation. This study aimed to
investigate the causes, trends, and potential mitigation measures for impacts of flooding in
five highly urbanized cities in Binh Duong. Statistical trend tests and hydraulic modeling
method were employed in the study. The results revealed that predominant causes of urban
flooding were found intensified heavy rainfall and high tides, exacerbated by climate
change and rapid urban development. To tackle this issue, it necessitates a multi-faceted
approach includes enhancing flood defenses along major rivers such as Sai Gon, Dong Nai
and Thi Tinh, maintaining drainage capacity in smaller watercourses within cities,
integrating pumping stations in areas constrained by spatial limitations, and preserving
floodplains along Saigon River.

Keywords: Flooding; City; Urbanization; Heavy rainfall; High tide; Dong Nai - Sai Gon;
Binh Duong.
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Tém tit: O nhidm chét lugng nudc 1a mot van dé moi truong nghiém trong, anh hudng dén
hé sinh thai, dén strc khoe con ngudi va dén sy phét trién nén kinh té. Khi cac chat 6 nhiém
nhu hoa chét, kim loai ning, chat thai hiru co va vi khuén tir cac ngudn cong nghiép, nong
nghiép dan dén sy suy giam chat luong nude. O nhiém nudc thuong duge do luong qua sy
gia tang nong do cac thong sd chat lugng nude. Nghién ciru trich xuét chi s6 nuéc (AWEI
WRI, va NDWI) tir dir liéu anh vién tham Sentinel-2 két hop vé6i dit liéu do dac thong sb
TSS thyc té dé xay dung mo hinh hdi quy xac dinh dién bién nong d6 TSS trén pham vi
song Thi Tinh va cac phu Iuu. Két qua nghién ctru cho thiy phuong phap nghién ctru mang
tinh thyc tién cao gilp danh gia nhanh va hiéu qua. Két qua du doan gia tri nong do TSS
giai doan 2021-2024 trong nuéc mat dao dong trong khoang 1,97-83,78 mg/l. M6 hinh hoi
quy c6 hé sb xac dinh R?= 67,4% va MSE = 0,17. Phuong phap duoc ap dung trong nghién
ctiru c6 thé duoc sir dung dé danh gia chat lwong nudc cac khu vuc khac caa tinh Binh
Duong.

Tir khéa: Hoi quy da bién; TSS; Song Thi Tinh; Sentinel-2.

1. Mé& dau

Tong chit rin lo ltimg (TSS) duge Xxem 1a mot trong nhirng chat gay 6 nhidm chinh gop
phan 1am suy giam chat lugng nudc, 1a mot trong nhing théng sé 1am tang chi phi xir 1y
nuac, tac dong ; dén loai dong thuc vat c6 trong nudc. Cé4c hat lo limg (SPM) anh hudng truc
tiép 1an gian tiép dén hé sinh thai trong moi truong nudce va cac hoat dong c6 lién quan dén
con nguoi [1]. Cac phuong phap danh gia chat lugng nudc truyén thong van con ton tai nhidu
han ché vé thiét bi, phuong phap, va quy mé nghién ciru, déc biét chi phi thyc hién la mot
van dé 16n. Phuong phap truyén thong doi hoi sb lugng mau 16n va thoi gian thuc hién kéo
dai, diéu nay khong chi lam giam do chinh xdc cuia nghién clru ma c6 kha nang gay phat sinh
chi phi [2]. So véi cac phuong phép truyén théng, cong ngh¢ vién tham c6 nhiéu loi thé ndi
bat, chang han nhu kha nang thu thap luong dir li¢u 16n, tiét kiém chi phi va thoi gian so voi
viéc chup anh tir trén khong & cac khu vuc rong. Thém vao do, cong nghé nay con cho phép
phan tich dif liéu va theo ddi su thay doi ctia chiing theo thoi gian [3]. Cong nghé vién tham,
v6i kha nang str dung dir liéu anh da pho va da thoi gian, dem lai mot cong cu hiéu qua trong
viéc theo ddi lién tuc va toan dién dién bién cua chit luong nude. Nhimng yéu t6 nhu d6 duc,
Tap chi Khi twong Thiy van 2025, 772, 38-50; doi:10.36335/VNJHM.2025(772).38-50  http://tapchikttv.vn/


mailto:tuyenduong0965@gmail.com

Tap chi Khi twong Thiy van 2025, 772, 38-50; doi:10.36335/VNJHM.2025(772).38-50 39

d6 man, va sy hién dién cua chat rin lo ling trong nudc co thé duoc theo ddi thuong xuyén
ma khong bi anh hudng tir cac tram quan tric c¢b dinh [4]. Dé dam bao viéc quan 1y va bao
v€é mdi truong nudc tai cac con song dat hi€u qua cao, viéc phat trién va ap dung cac giai
phap gitip chiét tach chi sé chat lugng nudce tir cac dit liéu anh vién thdm mot cach nhanh
chéng va chinh xac 14 vo ciing quan trong. Viéce sir dung cong nghé vién thim cho phép thu
thap va xur ly dir liéu chét luong nuée tir mot pham vi rong lon ma khong gap phai cac rao
can vé thoi gian va khong gian nhu cac phuong phap truyén thong Mot trong nhitng cong cu
manh mé& hd trg cho cong tac nay 1a Google Earth Engine, mot nén tang dién toan dam may
tién tién, dugc thiét lap dac biét dé phuc vu cac phan tich dir liéu quy mo toan cau. Nén tang
nay khéng chi cung cip kha nang xt Iy va phan tich khéi lwong 16n dit liéu anh vé tinh, ma
con giup nguoi sir dung thue hién cac nghién ciru va theo ddi cac bién dong méi truong mot
cach hiéu qua va toan dién, hd tro qua trinh ra quyét dinh trong vi¢c bao v¢ tai nguyén nudc.
N6 cung cip quyén truy c@p vao mot loat hinh anh v¢ tinh, déc biét 1a cac san pham Landsat
va Sentinel-2, dong thoi tao didu kién cho dién toan hiéu suét cao dé phan tich xa hoi va mé1
truong, bao gdm ca giam sat nude [5]. Viée Co quan Vil tru Chau Au (ESA) ra mat chuong
trinh Sentinel nhu mét phan cia chwong trinh Copernicus 1a mot thoi dlem dot pha vi 1an dau
tién n6 cung cap quyén truy c@p vao cac hinh anh c6 d phén giai cao, mién phi trén quy mo
16n. Cac dic diém bang tan va phuong phap phan xa quang phé cua dir liéu Sentinel-2 rat
hiru ich dé phat hién cac ving nudc bé mit [6]. Do do, trong nghién ctru nay, Google Earth
Engine d3 duoc sir dung dé g dung tiém ning cta cac phuong phap tinh toan chi s6 nudc
va chon ra cac chi s6 hoat dong t6t nhat dé phat hién nong d6 6 nhiém bé mat nudc bang cach
str dung hinh anh vé tinh da phd cta dit liéu anh vién tham Sentinel-2. Nghién ciru lién quan
dén str dung cac chi s6 nhan biét nude trén nén tang Google Earth Engine tir dit liéu anh vién
tham Sentinel-2, tic gia di tién hanh nghién ctru s dung ba chi s6 NDWI, MNDWI va
WNDWI dé phan biét va nhan dién cac khu vuc ¢6 nude va khong co nude trong thanh phd
Sa Péc, tinh Pong Thap. Két qua nghién ciru chi ra rang chi s6 WNDWI va MNDWI hi¢u
qua hon chi s6 NDWI trong viéc phan bi¢t va nhan dién cac khu vyc c6 nudc va khong co
nude. Cu thé, cac chi s6 WNDWI va MNDWI cho ra két qua chinh xac hon, véi gia tri ciia
cac chi sd OA (Overall Accuracy), KC (Kappa Coefficient), EC (Error Commission), va EO
(Error Omission) lan luot 1a 0,98, 0,85, 0,015 va 0,006, cho thdy mitc do phan biét rd rang
va do chinh xé4c cao hon so v&i chi s6 NDWI [7] Trong mot nghién ctru gan day, tac gia da
ap dung phuong phap hdi quy dé phan tich mdi tuong quan gitra chi s6 vat chit lo ling
(Normalized Suspended Material Index - NSMI) tir anh vién tham Sentinel-2A va lugng phu
sa thuc do dé xay dung so dd phan bd khong gian ctia ndng d6 tong cht ran lo ling (TSS)
trong nudc mat tai tinh An Giang. Cac nha nghién ctru da st dung anh vé tinh quang hoc
Sentinel-2A dé tinh toan gia tri chi s6 NSMI va xac dinh ham lugng TSS trong nudc mit, véi
gia tri khoang tur 0-100 mg/l. Ap dung phuong trinh hdi quy tuyén tinh dé thé hién méi quan
hé nay, cho ra hé sb xac dinh R2 = 0,868, cho thay su twrong quan manh mé giira chi s NSMI
va ham lugng TSS. Két qua nghién ctru chi ra rang viéc sir dung dir liéu tir v¢ tinh Sentinel-
2A c6 thé hd tro hiéu qua trong viéc thanh 14p ban d6 phan bé ham luong 6 nhiém TSS trong
nude mit, dic biét 1a d6i véi nam 2019, va c6 do tin cdy cao. Cong nghé vién tham nay khong
chi gitip theo ddi chét luong nude mot cach chinh xac ma con dong gop trong viée bao vé tai
nguyén nudce va cai thién cong tac bao vé mdi truong cua co quan quan ly [8]. Chat luong
nudc mat song Hong va sudi Pudng doan chay qua thanh phd Ha Nbi ciing duoc nhom tac
gia xem xét bang phuong phap twong ty. Nhom tac gia da lya chon phuong phap danh gia
dua trén ket qua do phd phan xa ciia mat nudc va két qua phan tich miu nudce dé xac dinh
cac thong sb chit lugng nudce, bao g6m Pbo duc, COD, BODs vaNH4". Qua nghién ciru, nhom
tac gid nhan thay rang thong s6 Do duc c6 mdi lién hé mat thiét v6i quang phd phan xa mit
nude, voi hé sb xac dinh R? = 0,663, cho thiy su phu hop cao trong cac mé hinh héi quy.

Diéu nay cho thay kha nang st dung phd phan xa dé du bao do duc cta nudc mot cach hi¢u
qua. Tuy nhién, cac thong sé con lai nhu COD, BODs va NH4* khong ¢6 ¢6 mdi lién hé mat
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thiét véi quang phd phan xa mit nude, cho thiy rang viée st dung phd phan xa dé xac dinh
nhing thong s6 nay khong dat dugc hiéu qua twong tu. Két qua nghién ctru nay cung cAp mot
c4i nhin sau sic vé mdi quan hé gitra cic thong s chét luong nude va dic tinh phd phan xa
clia mit nudc, gop phan vao viée cai thién cac phuong phap giam sat chit luong nude tir xa
[°].

Séng Thi Tinh 1a mot nhanh phu cta song Sai Gon, bit ngudn tir huyén Binh Long, tinh
Binh Phudc, va chay qua cac khu vyc nhu huyén Dau Tiéng, huyén Bau Bang, thanh ph
Bén Cat, cing mot phan cta thanh phé Thu Dau Mét, tinh Binh Duong. Con song ndy chu
yéu chay qua ving dia hinh go d01 thap, trudc khi hop luu v6i séng Sai Gon [10]. Trong nudce
cling da c6 nhitng nghién ciru vé song Thi Tinh da phan tap trung vao cac thong so hitu co,
dién hinh 13 nhém tac gia da ap dung m6 hinh MIKE 11 dé tién hanh tinh toan kha ning tiép
nhan va xac dinh mtc dé phuc hdi chat lugng nude cua song Thi Tinh. Nghién ctru nay tap
trung vao viéc xem xét anh hudng ctia cac ngudn thai phan tan va ngudn thai diém trong mua
mua, dic biét 1a tir thang 5 - thang 9/2010, d6i v6i hai chi tiéu nghién ciru 1a BODs va NH4*,
Céc két qua tinh toan tir cac kich ban mé phong cho thay rang néu cac co so xu 1y dat nude
thai theo tiéu chuan xir Iy cho phép, chat luong nudc song sé co su cai thién rd rét. Tuy nhién,
bén canh sy cai thién, cdc gid tri cuia mot sé chi tiéu chét lugng nudc van vugt qua mirc quy
chuan cho phép, diéu nay cho thdy rang can tiép tuc nd lyc ting cuong hiéu qua ciia cic cong
nghé xir Iy nudc thai dé dam bao dat cac tiéu chuan méi truong trong tuong lai [11]. Bén
canh d6, nhom tac gia trong nude da nghién ciru va tinh toan vé hién trang chat luong nudc
song Thi Tinh, d6ng thoi du bao kha ning tiép nhan chat 6 nhiém hitu co ctia con song nay
dén nam 2020. Nghién ctru dugce thuc hién véi hai kich ban khac nhau: mét 1a kich ban quan
1y khong t6t va mot 1a kich ban quan Iy tot. Két qua ciia nghién ctru cho thay, dudi diéu kién
quan ly khong tdt, song Thi Tinh co dau hiéu 6 nhiém nghiém trong, ddc biét la dbi véi cac
hop chét hitu co gay 6 nhiém, kha nang tiép nhan chat 6 nhiém hitu co cia song da giam sut
nghiém trong, dén mirc khong con kha nang dap ing nhu cau sir dung nude cho sinh hoat.
Tuy nhién, d6i véi muc dich sir dung nuéc cho nong nghiép, kha nang tiép nhan chat 6 nhiém
van con, mic du & mac do han ché, khong du dé dam bao nudc co thé su dung lau dai cho
cac hoat dong nong nghiép, khdng tao nén tac dong tiéu cuc. Két qua nay cho thay su can
thiét phai cai thién cong tac quan ly chat lugng nudc song Thi Tinh nham bao vé va duy tri
cac muc dich sir dung nude cho cong ddng va san xuat [12]. Mot nghién ctru khac cling da
tién hanh danh gia su phan b tai luong 6 nhlem hiru co tai cac tiéu vung trong luu vire séng
Thi Tinh, str dung phuong phap dleu tra thyc té két hop voi vige lay mau nudc dé phan tich
cac chi tiéu 6 nhiém hiru co, bao gbm BOD, COD, tong Nito (N) va tong Phét pho (P). Cac
méu duoc 1y tai cac diém xa thai 16n ¢ ba tiéu vung 1, 2 va 3, noi nudc thai duoc xa vao
song Thi Tinh. Tir cac két qua phan tich ndy, nghién ctru di tinh toan tai lugng 6 nhiém du
béo cho dén ndm 2020. Két qua nghién ciru cho thay, vdi ba kich ban khac nhau, céc co quan
quan Iy méi trudng dia phuwong da nhan duoc mot cai nhin tong thé va chi tiét vé sy phan bd
mirc d6 6 nhiém ciing nhu cac ngudn 6 nhidm chinh trong timg tiéu ving ciia luu vuc song
Thi Tinh. Nhiing thong tin nay dong vai tro quan trong trong viéc xay dung cac giai phap
quan 1y, nang cao chét lwong nudc va bao vé moi trudng sdng ciia cong ddng tai khu vyc nay
[13].

Nhan thay c4c nghién ciru vé thong sb vo co tai song Thi Tinh tuong dbi it, tir d6 tac gia
Iira chon thong sb TSS va su dung anh v¢ tinh c6 d6 phan giai khong gian va thoi gian két
hop v6i dir liéu quan tric thong s6 TSS thuc té trén bé mit nude, duge thu thip tir cac vi tri
quan tric ¢ dinh. Phuong phap nay cho phép tan dung wu thé cta anh vé tinh trong viéc
gidm sat va phén tich d1en bién chat lugng nude trong khong gian rong lon, dong thoi két
hop chét ché voi cac s6 liéu quan trac thuc té dé nang cao do chinh xac va dg tin cay trong
viéc danh gia mic d6 6 nhiém va cac xu huéng thay ddi cia thong s6 TSS trén song Thi
Tinh. Su két hop nay dua trén viéc tich hop cong nghé vién tham va hé thdng thong tin dja
ly (GIS), gilp tan dung hét nhirng wu diém cua ca hai cong nghé trong viéc thu thap, luu trit,
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phéan tich va xtr Iy dit liéu dia ly. Tur d6, viéc xay dung, cap nhat va phan tich thong tin khong
gian duoc thyc hién mot cach hiéu qua hon, cho phép theo doi chi tiét su bién dong cua cac
chi s6 moi truong trong thoi gian thyc va trén pham vi rong. Diéu nay khong chi hd tro cac
nha nghién ctru trong viéc danh gia chat luong méi trudng ma con cung cap mot cong cu
manh mé cho quan ly méi trudng. Muyc tiéu cua nghién ctru la theo doi dién bién ndng do
TSS song Thi Tinh, tinh Binh Duong bang dir liéu vién tham Sentinel-2 két hop hdi quy da
bién tir d6 phan ving mic do 6 nhiém TSS theo cac mirc rat thap, thip, cao, rit cao gitp
nham quén 1y chit lwong nudc khoanh ving 6 nhidm TSS va ¢ bién phap quan 1y kip thoi.

2. Phuwong phap nghién ctru
2.1. Dir liéu

Thu thap anh vién tham Sentinel-2 va chi sb nudc AWEI, WRI, va NDWI tinh toan truc
tiép trén nén Google Earth Engine (GEE) tai website: https://earthengine.google.com/ giai
doan 2021-2024 v6i do phan giai khong gian 10m, d che pht may dudi 30% (Hinh 1). Thay
vi chi tinh toan trén mot may tinh, GEE c6 thé phan phdi cong viée xir Iy cho nhidu méy tinh
dé giam thoi gian xur 1. Trong mot s6 trudng hop, hinh anh vé tinh da trai qua qua trinh xur
Iy co ban. Diéu nay c6 nghia 1a xir Iy bo dir liéu RS nhanh hon, mang lai thoi gian quay vong
nhanh hon cho nguoi dung véi chi phi thip hon [5].

Thu thap sb liéu mau phan tich thong sé TSS cung thoi diém thu thap anh vién tham
hodc chénh léch khong qua 5 ngay.

Thu thap ban d6 ranh gi6i hanh chinh huyén thudc tinh Binh Dwong va 16p ban do séng
Thi Tinh.

Google Earth Engine Q  searchg jatasets. ¢ ee-228440301008 &
(g ooes oo R e narzasserisannasesszioice NETNE N TN N T »mmcmu-_
i 2 m ¢ - m s s a Useprint(...) to write to this
F - (106.38, 11.25)
- Owner (1) ’
e Sentinel-2 collection:
* users/228440301008/TuyenDuong o » ImageCallection COPERTCUS/S3:8R, (78; olament
N BDideido magecollection s: (70 elements)
W BinhDuong
& UpdateSentinel 2 indicel images
~ Writer » Imagecollection COPERNICUS/S2_SR (70 elements)
ook indice1Band
fsadey » ImageCollection COPERNICUS/S2_SR (70 elements)
heck a
- Archive
Mukh Kamput
mpon Map
Bic

+ Phn,dm Penh

Long Khanh Phan Thiet

Map data 20km Torma

Hinh 1. Giao dién wedsite Google Earth Engine.
2.2. Khdo sat thyee té va phan tich chat lwong niée

Dit liéu ban déu bao gdm 82 mAu phan tich ndng d6 tong chét ran lo ling (TSS) c6 trong
nude mit, duoc két hop v6i dir liu tinh todn cac chi s6 nude nhu AWEL NDWI, va WRL
Trong d6, nghién ctru thuc hién thu thap 70 mau phan tich ndong d6 TSS ¢6 trong nudc mit
tai 5 vi tri thuéc Chuong trinh quan tric chat luong méi trudng ciia tinh Binh Duong trong
giai doan 2021-2024 va thuc hién léy bd sung 12 mau phan tich néng do TSS tai 6 vi tri vao
2 thoi diém (thang 2 va thang 6) nim 2024 (Bang 1).

Bang 1. Biém quan tric.

Vi tri Ky hitu miu Toadd X ToaddY
Piém thu thap
Cau Phi Binh STT1 106.4922  11.2408
Cau trén duong vanh dai 4 STT2 106.5983  11.1008

Cau Ong C STT3 106.6108  11.0383
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Vi tri Ky hitumau ToaddX ToaddyY
Suoi Cam Xe tai nga 3 suodi Bai Lang va su6i Cam Xe RTT1 106.4756  11.3233
Hop luu cua sudi Dong S6 va sudi Poi tai Cau Quan RTT2 106.5858  11.1542
Piém liy miu bd sung
Sudi H6 Mudng NM1 106.5117  11.2642
Sudi P4 Yéu NM2 106.5109  11.3012
Sudi Nha Mat NM3 106.5339  11.2240
Sudi Ba Lang NM4 106.6022  11.2017
Sudi Cau Cui NM5 106.5935  11.1581
Sudi Tén Pinh NM6 106.6125  11.0686
Bang 2. Thoi gian lay mau.
« % Ky hi¢u mau
STT Ngay lay mau STT1 STT?2 STT3 RTT1 RTT2
1 03/03/2021 24 20 18 25 25
2 06/05/2021 41 18 24 25 21
3 09/06/2021 97 29 36 68 29
4 05/11/2021 49 57 57 19 40
5 07/01/2022 27 9 15 14 22
6 03/03/2022 29 20 32 18 31
7 06/06/2022 5 8 8 6 7
8 05/12/2022 11 50 68 9 47
9 06/02/2023 27 134 58 7 20
10 03/11/2023 23 33 29 25 41
11 05/12/2023 28 33 33 24 26
12 29/02/2024 17 13 32 10 11
13 09/04/2024 8 15 17 6 14

14 13/06/2024 22 28 11 22 21

Mau nudc duoc

lay & giita song va & bé
mat (cach 30 cm), luu
va bao quan trong binh
nhya dung tich 1 lit.
Cac diém lay miu b
sung duoc lga chon
phan bo tai cac nhanh
phu luu chinh ctia song
Thi Tinh. Toa d6 vi tri
14y mau dugc xac dinh
bang thiét bi dinh vi
toan c,élu GPS va ky \ .
thuét lay mau duoc thé Hinh 2 Minh hoa thiét b1 dmh vi toan cau GPS va k¥ thuat lay mau.
hién trén Hinh 2.
Nghién ctru 4p dung phuong phap phén tich theo TCVN 6625:2000 - Phuong phép phén tich
khéi luong. Gié tri thong sé TSS phan tich chat lugng nudce trong cac mau nudc mat ¢ gia
tri trong khoang 4-97 mg/l. Cac mau dugc chia thanh hai nhém ngau nhién, 70% mau duoc
dung dé tinh toan va lya chon céc chi sé ti wu nhat nham xay dung mo hinh du doan va 30%
mau con lai duoc sir dung dé kiém dinh két qua caa mé hinh du doan. Két qua tich ndng do
TSS dugc st dung 1am bién phu thudc, trong khi d6 cac bién doc lap 1a céc chi s6 nude
(AWEI, WRI va NDWI) duoc chiét tach tir dix liéu anh vién tham.

2.3. Gid tri chi s6 nuéc mat tir div liéu anh vién tham Sentinel-2

Mot trong nhirng phuong phap phd bién trong viéc chiét tach nude (Water Indices - WIs)
la str dung cac chi s6 toan hoc dugce tinh tir cac kénh hinh anh, nhd tinh hiéu qua va tién loi.
Dit liéu cac kénh da pho (Green, Red, NIR voi d6 phan giai khdng gian 10m; SWIR véi d6
phan giai khong gian 20m) tir anh vién tham Sentinel-2 [14] dugc lwa chon dé ap dung nghién
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ctru. Cac chi s6 nuée nhu chi s6 khac biét nude duoc chuan hoa (NDWI) [15] va chi sé chiét
taich nudc tu dong

(AWEI) [16] va chi sé ti o s wwn s e s

1& nude (WRI) [17] duoce : Mooz
tinh toan thong qua céc A
kénh anh (kénh 3), Red
(kénh 4), NIR (kénh 8), 5
SWIR1 (kénh 11) va .
SWIR2 (kénh 12) cua g
Sentinel-2. Cac chi sb

duogc thiét 1ap nham ting
cuong su khac biét voi ) '
céc ddi tuong nudc trén
anh quang hoc, béng ;I 3
cach tang sy khac biét s 4
gifra cac diém anh chua ,"“: i G i Booms
théng tin vé nudc va cac Ed e s 2.0

diém anh dai dién cho = ™™ 7 7 T

cac ddi tuong khac xung
quanh, dong thoi loai bod
cac diem anh khong dat.

Hinh 3. Vi tri 1dy mau khu vuc nghién ciru.

Bang 3. Chi s6 chiét tach tir dit liéu vién tham.

Chi sb M0 ta Cong thirc
NDWI Normalized Difference Water Index _ GREEN-NIR
NDWI = G REEN+NIR
WRI Water Ratio Index _ GREEN-RED
WRI = GREEN+SWIRI
AWEI Automated Water Extraction Index AWEI =4 x (GREEN - SWIR2) — (0,25 x NIR +
2,75 x SWIR1)

Nhitng chi s6 ndy duoc tinh toan va trich xuét tir dir liéu vién tham Sentinel-2 trén nén
tang Google Earth Engine va dugc tai vé Google Drive dé dé dang xtr Iy dir li€u va xay dung
mo hinh (Hinh 4).

Google EarthEngine  scarcn pia dataset © B ce2280030000 3
Scripts M Link 404{679/89adde36760937¢7917adach Gatek - | T I [ | svocto [RITY fasks
Filter script m o i - © MRI inages
« owner (1) P * InageCollection COPERNICUS/S2_SR (78 elenents) >
~ users/228440301008 \Duon 2 type: ImageCollection
" 'zzcu Vi > d: COPERNICUS/S2_SR
-""*‘Z"ZZ 1731291403118008
WAnh2023 t (70 elenents)
B Anh2024 s: Object (21 properties)
B AN2024.01
 BOnhietdo
i BinhDuong WRIBand
W UpdateSentinel 2 » InageCollection COPEANICUS/S2_SR (70 elements)
- wiriter
Mo Sccse AHET images
* Reader » Inage e Al e
A v - Var WAIBand = WRI.nap(selectiR); TnageCollection COPERNICUS/S2_SR (70 elenents)
Vo accessible reposttores. Click Refresh ”
* Archive 82 print('WRIBend’ WRIBand);
No acce aga % ARETBaNd
» Examples % & * InageCol lection COPERNICUS/S2_SR (70 elenents)
96+ var AMEI = S2Collect
@ AWET = inage.ex MEMT images
bl e » InageCollection COPERNICUS/S2_SR (7@ elements)
100
01 3
10 % MEIBand
103 ') » InageCollection COPERNICUS/S2_SR (78 elements)
106
s )
105 parans
— e s
= Pea Reang s
89~ B ceomeympn G o 2l o Larers Bingd
2 g . g
T Phrg‘rg&’]enh sptg B - Thip Chi r 3
| Khum Kran : e Pray Vi - vJ
L S Takimau % (o) ipkag Foukar
= imadow agpe R i
e i k.
Sarg @
40 Me Sang s )3 Dafion
W 9 X
Nesk Ledirg fa ]
g 6 Swol e o il
. o
e 1.V X, BTN 5 e
KehTrom (5] sy 45
bion i ~ ab o
ApBaTa
Down Kyey Angkot Borel
Goaale 2248 s b = 2 a2
Scoge IRAEED RIS P Bientos my . SRR WS ¥ T T —

Hinh 3. Tinh toan va trich xuét dit liéu trén nén tang Google Earth Engine.
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2.4. Xdy dung mé hinh quy tuyén tinh

Ung dung mé hinh hdi quy da bién dé tinh toan thong s TSS thé hién dién bién chat
lwong nudce tir dir lidu anh vién tham. Nong do TSS duoc udce tinh bang cach sir dung cac
bién doc 1ap khac nhau trong cac thuat toan hdi quy da bién. Nghién ctru da sir dung 70% dir
li¢u tham gia xay dung mo hinh va lga chon céc chi s6 toi wu nhat wdc tinh chat lugng nude
bang thong sd TSS. M6 hinh hdi quy da bién thyuc hién dya trén cac nghién ciru da cong bd
lién quan dén mé hinh chat lugng nudc [18—20] thyc hién phuong trinh (1) nhu sau:

Y =Bo+ Pi(x1) + Pa(x2) + ... +Bpxp T & (1)
Trong d6 y 12 bién phu thudc; Po, B1, Pa....1a céc tham sb; x1, X2 1a cac bién doc lap; «: sai
s6 ngau nhién. Phuong trinh c6 nhidu bién X (X1,X2,... Xk) va mdi bién c6 mot théng sé Sy (K
=1,2,...,p) can phai udc tinh. Vi thé mé hinh con duoc goi 1a mé hinh hoi quy tuyén tinh da
bién.
2.5. Kiém dinh va danh gia do chinh xac mo hinh

T md hinh tinh toan, két qua cua cac phuong trinh hdi quy dugc kiém dinh, danh gia
bang cach str dung 30% dit liéu con lai dé d6i chiéu va lua chon mé hinh t6i wu nhat. Phuong
trinh t6i wu nhat duoc chon dya trén giatri h¢ $6 tuong quan R? 16n nhét va sai s binh phuong
trung binh MSE giita cac gia tri duoc du doan va thuc t& nho nhét gan bang 0. Tinh toan gia
tri hé sd twong quan R? dé danh gia mirc do tin cdy, nghién ctru sir dung cong thirc (2) nhu

Sau.
2

30,5 %) (%)
\/Z_l =) \/Z_l (vi-v)

Trong do6 x; 1a gia tri thuc do; x; 1a gia tri thuc do trung binh; y; l1a gia tri du doan; y; la
gi tri du doén trung binh; n 1a sb lwong gia tri tinh toan.

Gia tri hé sé twong quan R? nam trong khoang tir 0-1, thé hién méi twong quan gitra gia
tri thuc do va gid tri du doan. Trudng hop R? gan bang 0, thi két qua c6 do tin cay kém.
Nguoc lai, néu nhimng gia tri nay bang 1, thi két qua mo phong ctia mo hinh 1a ti wu nhat.

Su khac nhau gitra gia tri do dac va gia tri dy bao dugc goi la sai s6. Khi sai s6 cang nho
thi d9 chinh xac s& cang cao. Kiém dinh mo hinh bang sai s binh phuong trung binh MSE,
sai s6 cang thap thi mo hinh dy doan cang t6t, nghién ctru sir dung cong thirc (3) nhu sau:

R = 2)

1 o 2
MSE:HZi_l(Yi —Yi) 3)
Trong d6 §; 1a gié tri thuc do; y; 12 bién du doan; n 12 biéu thi tong gi4 tri.
3. Phén tich két qua va thao luin

3.1. Xdy dwng md hinh hoi quy twong quan sir dung nong dé TSS va cdc chi s6 mede tinh todn
tue dir liéu anh vien tham Sentinel-2

Tién hanh xu ly du ligu dau vao, thuc hién cic budc kiém tra phan phéi chuén
(histogram) va loai bo cac gia tri ngoai lai (outliers) dé dam bao chit lugng dir liu dau vao.
Nhirng mau khong dat yéu cau hodc c6 kha nang gy sai 1¢éch trong két qua mo hinh hdi quy
dugc loai bo, sau cung tong s6 mau cudi cung con lai 1 76 mau, dap tng tiéu chuan dé dua
V&0 tinh toan va kiém dinh.

Thuc hién chia bo dit liéu ngdu nhién, nghién ctru st dung 63 mau hién truong két hop
v6i dir liéu tinh toan cac chi sé nudc (AWEI, NDWI, WRI) chiét tach tir anh Sentinel-2 dé
xay dung mé hinh hdi quy tuyén tinh, tinh todn méi quan hé thong ké gitra ndng do TSS trong
nudc mat song Thi Tinh véi 3 chi s6 nudc.
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Thyc hién kiém tra moi twong quan gilra cac bién ddc 1ap, phén tich twong quan thuc
hién trong phan mém SPSS 20, két qua thé hién trong Bang 4.

Bang 4. Két qua tuong quan cac bién doc lap.

AWEI NDWI InWRI
Tuong quan 1 -0,515 -0,274
AWEIL  Muc ¥ nghia (2 dau) 0,0 0,030
C& mau 63 63 63
Tuong quan -0,515 1 0,55
NDWI  Mirc y nghia (2 dau) 0,0 0,0
C& mau 63 63 63
Tuong quan -0,274 0,550 1
InWRI  Mirc y nghia (2 dau) 0,030 0,0
C& mau 63 63 63

Ket qua dau ra phan tich vé mdi tuong quan gitra cac chi sé nudc < 0,6 va hé s twong
quan rat ¢6 y nghia vi gla tri p-value la 0.00 va nh6 hon muc y nghia (a = 5%). Két qua md
hinh va phan tich cac gié tri hdi quy tuyén tinh dugc trinh bay & Bang 5 va 6.

Bang 5. Tom tit mo hinh hdi quy.

Mo Hé s Hé s6 R binh H@psl:)“l:;)glnh Sai s6 chuén ciia wéc Tri s6 Durbin-
hinh R phuong hi¢u chinh lwong Waston
1 0,821 0,675 0,685 0,434 1,015

Bang 6. Md hinh quy tuyén tinh thé hién méi trong quan gitra céc chi s6 nudc va ndng do TSS.

Mb hinh véi bién phu thugc 1a InTSS

Hé s6 chua chuén hoa Hé s6 da chuan hoa ,
M6 hinh — — 7 — Kiém dinh t Miic y nghia
Hés6 B Sai s0 chuan H¢ s6 Beta
Hing sb 2,962 0,055 54,012 0,00
AWEI 0,258 0,064 0,347 4,007 0,00
NDWI -0,547 0,077 -0,708 -7,096 0,00
InWRI 0,222 0,066 0,299 3,358 0,001

Nhu vay, phuong trinh hoi quy dé tinh toan nong do TSS tir dit liéu anh vién tham duoc
tinh theo c6ng thirc nhu sau:

InTSS =2,962 + 0,258 x AWEI - 0,547 x NDWI + 0,222 x InWRI 4)

Mo hinh ¢6 hé sé xac dinh R2 0,675, tir phwong trinh hdi quy tuyén tinh dugc xay dung

6 thé du doan gia tri cua bién TSS (blen phu thudc) dua trén gia tri cua bién AWEL NDWI,

WRI (bién doc 1ap) cho thdy cac bién doc lap phan &nh dugc 67% gié tri bién dong ndng do
TSS.

3.2. Danh gia mirc do chinh Xac cua mé hinh

Két qua cia mo hinh h6i quy tuyén tinh duoc danh gia do tin cdy bang hé sé6 MSE cho
thdy mbi twong quan gilia nong d6 TSS thyc do va dir liéu TSS dy doan. M6 hinh hoi quy
dap ng voi hé s6 xac dinh (R?) va sai s6 binh phuong trung binh (MSE). Ket qua cho thay
kiém dinh mé hinh c6 mirc d6 chinh xac voi tuong quan thuan 0,17, h¢ s6 xac dinh R? =
67,4% gié tri bién dong (Hinh 5).

3.3. Phdn bé khéng gian nong do TSS

Néng do TSS phan bd trong nudc mét song Thi Tinh, tinh Binh Duong giai doan 2021-
2024 duogc trinh bay trong Hinh 6. Nong d§ TSS duogc tinh todn tur dir liéu anh vé tinh
Sentinel-2 theo cong thirc (4).
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Su phan bo khong gian nong do
TSS tuong do6i cao ¢ di€ém hop luu sudi o
do vao song Thi Tinh nhu su6i ba Zg ° )
Yéu, sudoi HO Muong, néng dd nim g < ;g;‘ig‘:‘;f° >~
2021 dao dong trong khoang 1,9-83,7 < 2 ' .
3 h A A A 2] oo e o
mg/l (Hinh 6a) va su phan b6 khong D o ) S .
gian nong do TSS cai thi¢n dangké khi g g o Tm .
X A - A = 0 R ° y.) ’ o
nong do nam 2024 dao dong trong L T e
khoang 3,3-68,4 mg/I (Hinh 6b). fFol &
N o
l.Q o ° R
15 20 25 30 35 40 45
Observed TSS (In scale)
Hinh 4. Két qua kiém dinh mé hinh hdi quy tuyén tinh.
$08i Ciu Pen Suj Ciu Den
Song Thi Tinh  SFPIYeu Song Thi Tinh  SYOIDA G
r ! -
\ \ Suéi Hang Nu \ 3
hwiu[vng / Sud. 1 N|u:vng
, o
W ) R
r -
g
/ \‘ //‘
Sudi Bén Vin Subi ;;én Vin
\ 2 =
\"‘"/ &~ "Sudi Ding Sb i o Sudi Dong S6
Sudi Ba Lang TSS nim 2021 Sudi Ba Lang TSS nam 2024 (m \
Sudi Giiu Dai (mg/l) Sudi Cilu Doi (mg/l) 8
P 83.78 P 68.49
Suéi Cha Vi Sudi Ong Te 1.97 (a) Sudi Cha Vi Subi Ohg Té 3.34 (b)

Hinh 5. Phan b4 ndng d6 TSS nam 2021 (a) va nim 2024 (b).

3.4. Bdn do phdn bé khéng gian mirc d 6 nhiém TSS séng Thi Tinh, tinh Binh Dwong

Thong sé TSS dung dé danh gia sy thay doi trong chét lwong nudc séng Thi Tinh duwgc
du doan tir md hinh, ban db phan bd ndng d6 6 nhiém nudc mit duge xac dinh cu thé. Két
qua thé hién trong Hinh 7 thé hién sy phan b theo khdng gian ciia nong do TSS song Thi
Tinh, tinh Binh Duong. Mirc d6 6 nhiém TSS tham khao tir nghién ctru [21] dugc phan thanh
5 mirc d6: (i) O nhidm rat thap, (ii) O nhidm thap, (iii) O nhiém vira, (iv) O nhiém cao; (v) O
nhiém rét cao.

Bang 7. Muc d6 6 nhiém khu vuc nghién ciu.

Rit thip Thap

Vira

Cao

Rit cao

<11,3 11,3- 342

34,2-63,9

63,9 -104,3 >104,3
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Hinh 6. Ban db phan b khong gian mirc d6 6 nhidm TSS giai doan 2021-2024.

Tir ban d6 phéan bd khong gian muc d 6 nhiém TSS cho thiy, 6 nh1em khu vuc nghién
ctru nam 2021 tap trung chu yeu tai cac diém hop luu khu vuc thuong ngudn séng Thi Tinh.
Tai khu vuc subi Ho Mudng, sudi Da Yéu d6 vao song Thi Tinh c6 nong d6 TSS 6 nhiém tir
vira dén cao. Viéc xa nudc thai tir hoat dong nudi chan nudi gia stc, gia cam 1a cac tac nhan
chu yéu din dén 6 nhiém nudc ¢ cac khu vuc nay. Ngoai ra, khu vuc hop luu sudi Bén Van
va sudi Pong S6 chay ra subi Ba Ling néng dd 6 nhiém & mirc vira do anh hudng tur hoat
dong cong nghiép, tai day tap trung nhiéu doanh nghiép san xuat quy mo 16n va sudi Bén
Van 1 nguon tiép nhan nude thai cho mot s6 doanh nghiép san xuat mii cao su va KCN Bau
Bang (Hinh 7a) Dén nam 2024, cac sudi nay déu co chat lugng nudc duoc cai thién khi nong
do TSS 6 nhiém giam tir murc cao vé vira va tir vira vé thdp. Tuy nhién, tai khu vyc dau nguédn
sudi Pa Yéu va sudi Ba Tt khu vyc tiép nhan nuéc thai KCN Bau Bang mo rong, ndong do
TSS 6 nhiém c6 mat do ting khi KCN Bau Bang mé rong sau khi thanh 1ap da dan hoat dong
6n dinh. Khu vuc ha nguén song Thi Tinh tai cac sudi Tan Pinh, subi Cau Pinh noi tiép nhan
nudce thai cac khu vuc c6 mat d6 do thi cao, dong thoi 1a ngudn tiép nhan cho mét s6 doanh
nghiép san xuat glay quy m6 l6n va khu du lich ¢6 mat d6 6 nhlem tang dan (Hinh 7b). Két
qua md hinh cho thay song Thi Tinh tir thuong ngudn chay vé ha ngudn ting dan nguy co 6
nhiém khi phai tiép nhan nguon nudc thai tir hoat dong chan nudi, cong nghiép va do thi, du
lich gdy anh huong truc tiép dén moi truong nuéc dan dén tac dong tiéu cyc cho doi song
ngudi dan va tiém an nhimg hau qua 1au dai dén tuong lai.

3.5. Thao ludgn

Nghién ctru cho thiy duogc két qua du doan phan bd khong gian dién bién ndng d6 TSS
6 nhiém trén song Thi Tinh bang phuong phap st dung dir lidu anh vién tham Sentinel-2 két
hop v6i dir liéu phén tich thyc t€ thé hién nhanh chong va higu qua. M6 hinh s& cai thién va
hi¢u qua hon nira néu mau phan tich thyc té dugc lay cung ngay voi dir liéu anh vién tham,
tuy nhién néu so sanh két qua mé hinh hoi quy c6 hé s twong quan R? = 0,675 véi két qua
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nghién ctru da duoc cong bb tai [9] hé sd twong quan R? = 0, 663 thi két qua nay c6 thé chap
nhén duoc. Bén canh do, két qua kiém dinh md hinh khi hé s xac dinh R?= 67,4% va MSE
= 0,17 cho thdy nghién ctru di khai thac kha ning dy doan vuot troi cia phuong phép nay.
MGat nghién ctru tuong tu trong do tac gia ching minh sy phu hgp manh mé gitra cac gia tri
du doan vai gia tri do dac thuc té khi hé sé xac dinh R? = 87% [22].

4. Két luén

Nghién ciru tir viéc sir dung cong nghé vién tham trong danh gia dién bién chat lwong
nuéc mat séng Thi Tinh, tinh Binh Dwong cho thay két qua tich cuc. Lua chon két qua do
dac thyc té thong sé TSS két hop vai chi sb nudc chiét tach tir dit liéu anh vién tham Sentinel-
2 1a nhitng tiéu chi dau vao dung dé xay dung mé hinh hdi quy tuyén tinh xac dinh ndng d6
TSS trén pham vi rong mot cach hiéu qua. Gia tri ndng do6 TSS giai doan 2021-2024 trong
nu6e mit dao dong trong khoang 1,97-83,78 mg/l tir két qua du doan cia m hinh quy tuyén
tinh véi hé sb xac dinh R2 = 0,675. Két qua thé hién trén ban d6 cho thay, giai doan 2021-
2024 tai diém hop luu sudi P4 Yéu véi song Thi Tinh va diém hop luu sudi H6 Muong voi
Thi Tinh c6 nong do TSS 6 nhiém giam dang ké. Tai khu vuc ha luu song Thi Tinh nong do
6 nhiém TSS c6 xu hudng tang lén, sy phan bd néng dd TSS cao & mot sb phu luu chiu su
anh hudng cua hoat dong cong nghi¢p, ndong nghiép va do thi.

Bén canh két qua dat duoc, nghién ciu ciing c6 mat han ché nhat dinh, hé sé xac dinh
R? tuy & mtc chap nhan dugc nhung d6 chinh x4c van chua cao. Su phan bd nong do TSS
chiu sy anh hudng lon tir cac hoat dong cong nghiép, ndng nghiép va d6 thi nhung nghién
ctru chua thé dinh luong chinh xac muac do tac dong cua ting loai hinh hoat dong va ting
nguyén nhan cu thé.

Nghién ctru ciing ¢ thé nhan rong quy mo khi bd sung thém cac mau thyc té dé cai thién
do6 chinh xé&c ciia md hinh hdi quy va ting hé s6 xac dinh R?. Bdng thoi, mé rong nghién cau
dén céc song 16n khac nhu song Sai Gon, song Pong Nai trén dia ban tinh Binh Duong dé
tao nén birc tranh toan dién vé chat luong nudc mit cua tinh.

Pong gop tac gia: Pong gop vao viée thu thap dit liéu, trich xuét dir liéu, phan tich dit liéu, soan
thao bai bao: D.B.T.; Kiém dinh md hinh, giai thich dit liéu, chinh sira ban thao: L.T.D.H.; Chinh
stra bai bao, giai trinh sd liéu: D.X.H.

Loi cam on: Nhom nghién ctru xin chan thanh cam on Trung tim Quan trac - K§ thuat Tai
nguyén va Moi truong tinh Binh Duong dé cdp cung cip dir liéu do dac théng s6 TSS phuc vu
cho nghién ciru nay. Nghién ciru nay duoc tai trg boi Quy Phat trién khoa hoc va cong nghé Quédc
gia (NAFOSTED) trong dé tai ma s6: 105.06-2021.17.

Loi cam doan: Tap thé tac gia cam doan bai bio nay 1 cong trinh nghién ctru ca tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trudc day; khong
c6 su tranh chap lgi ich trong nhom téc gia.
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Application of Sentinel-2 Remote Sensing Imagery Combined
with Multivariate Regression to Determine the Dynamics of Total
Suspended Solids Concentration in Thi Tinh River, Binh Duong
Province
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Abstract: Water quality pollution is a serious environmental issue that affets ecosystems,
human health, and economic development. When pollutants such as chemicals, heavy
metals, organic waste, and bacteria from industrial and agricultural sources lead to the
degradation of water quality, it often results in measurable increases in concentrations of
water quality indicators. In this study, we extracted water indices (AWEI, WRI, and NDWI)
from Sentinel-2 satellite remote sensing data, combined with actual measured TSS
parameters, to develop a regression model that identifies TSS concentration trends across
the Thi Tinh River and its tributaries. The research results show that the method is highly
practical, enabling quick and effective evaluation. Predicted TSS concentrations for the
2021-2024 period in surface water range from 1.97 to 83.78 mg/l. The regression model
achieved an R2 value of 67.4% and an MSE of 0.17. The method applied in this research
can be utilized to assess water quality in other areas within Binh Duong Province.

Keywords: Multivariate regression; TSS; Thi Tinh River; Sentinel-2.
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Tém tat: Nghién ciru ndy tap trung phat trién mot hé thong tu dong giam sat dién blen 16p
phu rung tai Viét Nam thong qua nén tang Google Earth Engine (GEE) va céc chi s6 thyc
vat thong dung Trude bdi canh mat rimg va bién d6i khi hau dang gia tang, hé théng nay
cung cap giai phap nhanh chong, chinh xac, va hiéu qua vé chi phi trong viéc theo doi bién
dong rimg ma khong doi héi dau tu 16n vao co so ha tang. Cac chi so NDVI, EVI, SAVI,
NDWI, NBRI, GCI, va BSI dugc ap dung dé danh gia stc khoe va mirc do che phu cia
rimg. Nghién ctru nhan manh vai trd quan trong ctia cong nghé vién tham trong giam sét
bién dong 16p phu rimg, tan dung dit lidu vé tinh dé phan tich cac bién dong vé dién tich va
tinh trang strc khoe hé sinh thai. Nén tang GEE, v6i kha nang xur Iy quy mé 16n, cho phép
phan tich dién rong va phat hién som cac hién tuong nhu pha rung, chay rung, hodc suy
thoai rung. H¢ thong nay dong vai tro hd trg quan trong trong viéc ra quyet dinh quan ly va
bao ton rimg bén vitng, dong thoi tu dong hoéa quy trinh theo ddi, gop phan nang cao hiéu
qué quan ly tai nguyén va bao v¢ da dang sinh hoc.

Tir khéa: Google Earth Engine; Cong nghé vién tham; Chi s thuc vat; Giam sat tai nguyén
thién nhién; Phan loai tham thuc vat; Viét Nam.

1. Pit van dé

Viét Nam, vdi dién tich rimg phong phtl va da dang sinh hoc cao, dong vai trd quan trong
trong vi¢c duy tri can bang sinh thai, bao ton da dang sinh hoc, va giam thiéu tac dong cua
bién d6i khi hau [1]. Tuy nhién, rung Viét Nam dang phai d6i mit v6i tinh trang suy giam
dién tich rimg nghiém trong. Theo sd liéu ctia Tong cuc Lam nghiép, dién tich rung tu nhién
cua Viét Nam da giam tir khodng 14,3 tri¢u ha nam 1943 Xuong chi con khoang 10,3 triéu ha
vao nam 2020 [2]. Ty 1é che phu rimg, mic du ¢ ting nhe, nhung chét luong rumg lai suy
giam déng ké do nan pha rimg, khai thac gd trai phép, va chuyén doi dat rimg sang muc dich
st dung khac [3]. Mdi nam, Viét Nam mat di hang nghin hecta ring, dic biét 1a & cac ving
Tay Nguyén va mién Trung. Su suy giam dién tich rimg khong chi lam mét di nguon tai
nguyén thién nhién quy gia ma con gay ra nhirng h¢ luy nghiém trong vé moi truong, nhu 1t
lut, sat 1o dat, suy thoai dt, va thay d6i khi héu [4]. H¢ sinh thai ring dang dan mat di tinh
da dang sinh hoc, anh huong truc tiép dén su séng cua nhiéu loai dong thyuc vat quy hiém.

Cong nghé vién tham déng vai tro quan trong trong viéc theo doi hién trang rung, dac
biét trong bdi canh suy thoai rimg va bién doi khi hau dang ngay cang gia tang [5]. Vién tham
str dung hinh anh vé tinh va dir liéu tir xa dé thu thap thong tin lién tuc vé cac khu vuc rimg
rong 16n, tir d6 gitp phat hién nhitng thay d6i trong dién tich rung, mét do che phu, va suc
khoe ciia hé sinh thai. Cong nghé nay cho phép quan sat dién bién rimg trén quy mo 16n, véi
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d6 chinh xac cao va thoi gian cép nhét nhanh, vuot troi hon so vdi cac phuong phap truyén
thong dua trén khao sat thuc dia, von tén kém vé thoi gian va nguon lyc. Tai Viét Nam, vién
tham da dugc ing dung trong viéc xac dinh va giam sat cac diém nong vé pha rimg, khai thac
g0 trai phép va chay rung. Nho kha ning cung cap dir lidu theo chu ky (hang ngay, hang
thang), cac nha quan 1y co thé theo ddi kip thoi nhimg thay d6i nho trong hé thong rung, tu
d6 dua ra cc bién phap can thiép sém, giam thiéu ton that, ciing nhu giup to chirc lap ké
hoach bao vé va phuc hoi rirmg mot cach hiéu qua.

Google Earth Engine (GEE) 12 m6t nén tang dién toan ddm may manh m& duoc thiét ké
dé phan tich va xu Iy dit liéu vién tham trén quy mé toan cau [6]. GEE cung cap kha ning
truy cap mién phi vao kho dir liéu hinh anh vé tinh khéng 16, bao gé)m dir liéu tir cac vé tinh
nhu Landsat, MODIS, Sentinel, gitip cac nha khoa hoc, nha quan ly, va cac t6 chuc co thé
phan tich va theo ddi dién bién ctia cac khu vuc rimg trén toan thé gidi mot cach nhanh chong
va chinh xdc. V61 GEE, cdc nha nghién ciru c6 thé xir Iy luong 16n dir lidu vién tham ma
khong can co s ha tang phan ctng phirc tap. Nho kha nang tinh toan manh mé cua nén tang
nay, cac mod hinh phan tich dién bién ring, bao gom ca thay doi dién tich, mirc do che phu
va strc khde cia rung, c6 thé dugc xay dung va cap nhat lién tuc. Cac cong cu nay giup phat
hién nhanh cac su kién nhu pha rimg, chdy rimg, hay suy giam rimg do bién ddi khi hau,
cung cap thong tin kip thoi dé co cac bién phéap can thiép sém. Trén quy md toan cau, GEE
da duogc sir dung dé theo doi nan pha rimg ¢ rimng mua Amazon, chdy rimg & Australia, va
cac khu vuce bi anh huong boi bién ddi khi hau. Viéc tmg dung Google Earth Engine trong
phén tich tu liéu vién tham khong chi gitp theo doi hién trang rimg ma con hd tro lap ké
hoach bao v¢ va khoi phuc rung bén vimng, gop phan bao vé da dang sinh hoc va chong bién
d6i khi hau trén toan cau. Trong theo ddi rimg tai Viét Nam, GEE da duoc sir dung dé phan
tich sy thay d6i dién tich rung tai cac vung nhay cam nhu Tay Nguyén va dai dat mién Trung,
noi nan pha rimg va chuyén déi muc dich str dung dat dang dién ra phuc tap [7]. Bang cach
str dung dir liéu hinh anh vé tinh két hop véi cac thuat toan phan tich trén GEE, ¢ the xac
dinh cac khu vyuc bi xdm hai va dua ra cac bdo cio nhanh chéng, hd tro viéc ra quyet dinh
cho chinh phui va cac t6 chirc bao ton.

Viéc xay dung mot hé thong giam sat blen dong 16p phu rung tu dong dya trén nén tang
Google Earth Engine (GEE) 1a v6 cung can thiét trong b01 canh suy giam rung va bién doi
khi hau dang gia tang [8]. Str dung nén ting GEE lam nén tang cho hé thong giam sat bién
dong 16p phu rimg tu dong mang lai nhiéu loi ich vugt troi cho phép theo di dién tich rimg
trén pham vi 16n ma khéng doi hoi dau tu 16n vao co so ha tang. Mot hé thong nhu vay sé
cho phép giam sat chit ch& va lién tuc cac bién dong cua rimg, cung cap dir lidu thoi gian
thuc voi d6 chinh xac cao, va hd tro phat hién sém céac hién tugng nhu phé ring, chay rung,
hay suy thoai rimg. Diéu nay dic biét quan trong ddi véi cac qudc gia nhu Viét Nam, noi c6
dién tich rimg 16n nhung dang ddi mit véi cac thach thirc vé quan 1y tai nguyén va bao vé
moi truong.

H¢ théng dua trén GEE c6 thé duge thiét ké nhu mot ung dung than thién véi nguoi
ding, cho phép cac nha quan 1y, chuyén gia I1am nghiép va tham chi ca cong dong dia phuong
dé dang truy cap va theo ddi tinh trang rimg trong khu vuc cua ho. Véi giao dién truc quan
va kha nang ty dong phan tich dir liéu, hé thdng c6 thé cung cap cac bao cio va canh bao kip
thoi vé cac khu vuc co nguy co bi phé rimg, gitip dua ra cac bién phéap can thiép nhanh chong
va hiéu qua. Viéc xay dung mot timg dung nhu vay khong chi gitip tang cuong quan ly va bao
v€ rung mot cach bén vitng ma con gop phan vao cac nd lyc bao ton toan cau, dbi pho véi
bién d6i khi hau, va bao vé da dang sinh hoc. Mot hé thong giam sat bién dong l6p phu rung
tur dong dya trén GEE s¢ 1a cong cu hd trg dac lyc cho chinh phu va cac td chic trong viée
duy tri va phat trién ngudn tai nguyén rimng.
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2. Phwrong phap nghién ciru va thu thap sb lidu

Hién nay, viéc theo ddi dién bién 16p phu rimg quéc gia tai Viét Nam doi hoi su két hop
ctia cac chi sb thuc vat (vegetation indices) nhim danh gia chinh xac va lién tuc tinh trang
sic khoe rimg, do che phi va cac thay déi dién ra theo thoi gian. Cac chi s6: NDVI, EVI,
SAVI, NDWI, NBRI, GCI, va BSI déu Ia nhitng chi s6 hiéu qua va phd bién trong viéc giam
st din bién 16p phu rimg. Trong do, NDVI va EVI la nhitng lya chon chu dao vi kha néng
danh gia nhanh chong va toan dién vé suc khoe va mat do 16p phu rung [9-12]. Tuy thuoc
vao diéu kién dia 1y va dic diém cua tung khu vyc rung, SAVI, NDWI va NBRI ¢6 thé duogc
st dung dé diéu chinh theo méi truong dat va nudc [13-15], trong khi GCI dugc dung dé do
luong ham lugng digp luc, gilp cung cip cai nhin sau sic hon vé sic khoe cy cdi [16].
Ngoai ra, BSI la chi so quan trong ¢ dé phat hién va theo doi su suy thodi dat va ving dat trong,
cung cap céi nhin toan dién hon vé su bién dong cua rimg [17].

2.1. Chi s6 thuc vt phdn biét (NDVI)

NDVI (Normalized Difference Vegetation Index) 1a mot chi s6 quan trong trong giam
sat 16p phu rimg, dic biét khi sir dung cong nghé vién tham [10]. NDVI dugc tinh toan dua
trén dir liéu tir cac kénh pho vé tinh, sir dung hai bang tan chinh 1a can hong ngoai (NIR) va
anh sang do (Red), vadi cong thirc:

Dy = (NIR-Red)

(NIR+ Red)

Trong d6 NIR la anh sang cén hong ngoai (Near Infrared); Red la anh sang do.

NDVI rét can thiét trong giam sat 16p phu rimg vi né cung cap mot chi s6 don gian va
hiéu qua dé danh gia strc khoe va mat d¢ cua tham thuc vat [18]. NDVI dao dong tir - 1 dén
+1, trong do gia tri gan +1 chi ra mat d6 thyc vat xanh tuoi day déc, trong khi gia tri gan -1
bleu thi viing dat trong hodc bi suy thoai [19]. Qua viéc theo ddi chi s6 ndy, ngudi quan 1y c6
thé phat hién sém cac thay d6i trong 16p phii rimg, chang han nhu rimg bi suy giam hodc thay
doi cau trac, thuong xuat hién khi rimg bi khai thac, bi chay hodc chiu anh huong cua bién
d6i khi hau [20]. Ung dung NDVI trong gidm sat 16p phu rimg dua trén dit liéu vién tham tir
cac vé tinh nhu Landsat, Sentinel, va MODIS [21]. Chi s6 nay gitip x4c dinh khu vyc rimg
bi t6n hai, khu vuc rung khoe manh, va theo ddi su phuc hdi cua rung sau céc su kién tu
nhién nhu chay rimg [22]. Khi tich hop NDVI vao cic nén tang phan tich nhu Google Earth
Engine (GEE), nguoi ding co thé tu dong tinh toan, truc quan hoa va phén tich xu huéng
bién ddi 16p phu rimg theo thoi gian, giup dua ra cac quyét dinh chinh xéac trong viéc bao vé
va quan ly tai nguyén rumg [6]. NDVI khong chi hiru ich trong gidm sat cac khu rimg 16n ma
con co thé ung dung & cac khu vue bi suy thoai hodc can bao ton dic biét, gitp tdi wu hoa
cac bién phap can thiép va bao ton rimg bén viing [23].

(1)

2.2. Chi s6 thuec vit tang cueong (EVI)

EVI (Enhanced Vegetation Index) dugc thiét ké dé khac phuc mot s6 han ché cua chi sb
NDVI, dic biét 1a trong cac khu vuc Rimg giau ddc hodc c6 nhiéu khi quyén va bui mu. EVI
nhay cam hon véi cac khu vuc c6 tham thyc vat day va it bi bao hoa hon so voi NDVI, gilp
cai thién kha nang phan biét sy thay ddi stre khoe va mat do rung, dac biét trong cac khu rung
mua nhi¢t doi va rirng c6 d6 che phu cao [9]. Cong thirc tinh EVI nhu sau:

EVI = 2.5% (NIR-Red) @)
(NIR+C1xRed-C2xBlue+L)

Trong d6 NIR la phan xa anh sang cén hong ngoai; Red la phan xa énh sang do; Blue la
phan xa anh sang xanh; C va Cz 1a cac h¢ s6 diéu chinh cho anh huong cta khi quyén (thuong
1a 6 va 7,5); L 14 hé s6 diéu chinh nén dat (thuong 13 1).

EVI duoc thiét ké dé khir tac dong cua khi quyén, loai bo anh hudng cua bui, may mo,
va cai thi¢n kha nang phan biét gitra cac loai thuc vat co6 mat d khac nhau, diéu ma NDVI
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c6 thé gap khé khin [24]. Ung dung cia EVI trong giam st 16p phu rimg rat rong rii, dic
biét trong cac khu vuc rimg nhiét d6i va rimg c6 do day tham thuc vat cao [25]. Bang cach
sir dung dir li¢u tir cac vé tinh nhu MODIS va Landsat, EVI gitip danh gia chinh xac hon sy
thay ddi trong sinh khéi rimg, mirc 6 quang hop va sirc khoe cdy rimg [26]. Diéu nay rat
can thiét trong viéc phat hién sém sy suy giam ring do nan phé rimg, chay rimg, hay bién
d6i khi hau, cho phép cac nha quan ly dua ra bién phap can thiép kip thoi [27]. Ngoai ra, EVI
c6 thé duoc tich hop vao cac nén tang phén tich dir liéu 16n nhu Google Earth Engine dé theo
ddi va danh gia dién bién rimg trong thoi gian dai [6]. Vi kha ning nhay bén hon trong viéc
phat hién cac thay ddi vé strc khoe thuc vat, EVI 12 mot cong cy hitu ich trong viéc bao ton
va quan 1y bén viing cac hé sinh thai rimg trén toan cau [28].

2.3. Chi s6 thwc vit c6 hiéu chinh dat (SAVI)

SAVI (Soil Adjusted Vegetation Index) 1a mot cong cu quan trong trong giam sat 16p phu
rimg, dic biét trong cac khu vire ma 16p phu thuc vat mong va bi anh huong déng ké boi su
hién dién ctia dat tréng. SAVI dugc phat trién nham giam thiéu sy anh hudng clia anh sang
phan xa tir dat, yéu t6 c6 thé 1am sai 1éch két qua ctia cac chi sb thuc vat nhu NDVI trong
nhiing khu vuc c¢6 tham thuc vat thua thdt [13]. Cong thire tinh SAVI nhu sau:

SAVI = 2,55 (NIR-Red) 11y 3)
(NIR+Red+L)

Trong d6 NIR 14 dnh sang can hong ngoai (Near Infrared); Red la anh sang do; L 1a hé
s6 hiéu chinh anh hudng ciia dat (thudng c6 gi tri 13 0,5, nhung c6 thé thay d6i tiy theo diéu
kién dat va tham thuc vat).

SAVI duoc thiét ké dé giam thiéu sy nhidu loan do phén xa tir dat béng cach thém vao
mot hé s6 L, gitp diéu chinh mirc 46 anh hudng cua dat 1én chi s6 [29]. Khi 16p phu thuc vat
thua thot, gid tri L ¢6 thé duge diéu chinh dé 1am ting tinh chinh xac cta chi sé [30]. SAVI
dac biét hiéu qua trong cac khu vuc rung bi suy thodi, khu vyc kho can hodc noi ma luong
dat trong 16n dé anh huong dén phép do 16p phu thuc vat [31]. Ung dung ciia SAVI trong
giam sat 16p phu rimg 1a rat can thiét trong cac nhiém vu theo ddi sy suy giam rimg hoic
danh gia tai tao rung ¢ cac khu vuc c6 16p phu thyc vat thua [32]. Nho kha nang loai bo anh
huong cua dat SAVI cung cip thong tin chinh xac hon vé strc khoe va mat do cia cay cdi so
v6i cac chi s6 khac nhu NDVI, dic biét trong cac didu kién ma dat chiém ty 18 cao trong ving
quan sat [33] SAVI c6 thé dugc ap dung trong viée theo dbi su phuc hoi rung sau chay rung,
khai thac go hodc cac hién tuong tu nhién khac, giup xac dinh khu vue nao can trong méi va
khu vuc nao dang phuc héi t6t [34]. Khi tich hop vao cic nén tang phan tich nhu Google
Earth Engine, SAVI c6 thé giup giam sat va quan ly rimg trong thoi gian dai, cung cép dur
liéu quan trong dé 1ap ké hoach bao ton va phat trién  TUng bén vitng [6]. Bang cach sir dung
SAVI, cac nha quéan 1y rimg c6 thé nam bt rd hon vé tinh trang rimg & nhitng khu vuc nhay
cam va dua ra cac bién phap can thié¢p phu hop [35].

2.4. Chi s6 d¢ am thuwc vt (NDWI)

NDW!I (Normalized Difference Water Index) 1la mot cong cu quan trong trong giam sat
16p phu rumg, dac biét trong viéc danh gid va theo doi ham lugng nude cua thyuc vat va rung.
NDWI rét hitu ich trong viéc giam sat su thay d6i d6 4m cua tham thuc vat, diéu nay dong
vai tro quan trong trong viéc phat hién cac su kién nhu kho han, suy giam sinh khdi, va cac
yéu t6 moi trudng tac dong dén rimg. Chi sd nay gitp phan biét r6 hon vé tinh trang sirc khoe
cua tham thyc vét, boi ham lugng nudce trong céy coi la chi ddu quan trong cho qué trinh
quang hop va phat trién thuc vat [15]. Cong thirc tinh NDWI nhu sau:

NDWI = (NIR-SWIR)

(NIR+SWIR) )
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Trong do NIR la anh sang can hong ngoai (Near Infrared); SWIR | dnh sang hong ngoai
song ngan (Shortwave Infrared).

Chi s6 nay st dung su khac biét giira hai bang tan: can hong ngoai (NIR), phan xa manh
boi thye vat khoe manh, va hdng ngoai séng ngin (SWIR), hap thu boi nudce trong tham thuc
vat [36]. Khi cay cbi thiéu nudc, phan xa SWIR ting 1én, dan dén gia tri NDWI giam [37].
Sy can thiét ciaa NDWI trong giam sat 16p phu rung chi yéu nam ¢ kha ning theo ddi su thay
d6i ham luong nudc trong cdy cbi [38]. Diéu nay rat quan trong trong viéc phat hién cac hién
tuong kho han, chay rung hodac suy thoai rung do bién d6i khi hau va cac tac dong nhan tao
[39]. Viéc theo dbi ham lugng nudce giup nha quan ly ring danh gia st khoe cua ring theo
thoi gian, tir d6 dua ra cac bién phap bao vé kip thoi trude cac nguy co tiém tang nhu mat
nudce, chay rung, hodc suy giam chat luong sinh khéi [40]. Ung dung cia NDWI trong nhiém
vu giam sat rimg ciing rat da dang. Chi s6 nay c6 thé dugc sir dung dé giam sat khu vuc rung
nhiét doi co nguy co kho han, theo ddi strc khoe cac khu rimg bi anh hudng boi bién doi khi
hau, va hd tro trong viéc quan ly nudc & cac h¢ sinh thai rirmg dam léy hodc rirng ngap nudce
[41]. Khi duoc tich hop vao cac h¢ thong phan tich dir lidu Vién tham nhu Google Earth
Engine, NDWI giup cung cap thong tin chinh xéc va lién tuc vé tinh trang do 4m rumg, hd trg
trong viéc 1ap ké hoach bao vé va phuc hoi rung [6]. Véi kha nang giam sat do a am cta tham
thuc vat, NDWI tr& thanh mot chi sd thiét yéu glup phat hién sém céc thay d6i bat thuong
trong hé sinh thai rimg, gop phan quan trong vao viéc quan Iy bén viing va bao vé tai nguyén
rimg toan cau [42].

2.5. Chi s6 chay rieng (NBRI)

Chi s6 NBRI (Normalized Burn Ratio Index) déng vai tro quan trong trong giam sat 16p
phu rimg, dic biét 1 trong viéc theo ddi va danh gia sy anh hudng cta chay rimg va phuc hoi
sau chay. NBRI dugc thiét ké nham phat hién cac khu vuc bi anh hudng bai lira va theo doi
su thay doi cua tham thuc vat trong cac giai doan sau chay [14]. Cong thirc tinh NBRI dya
trén hai dai phd hong ngoai trung binh (SWIR) va hong ngoai gan (NIR), cu thé 1a:

NBR| = NIR-SWIR (5)
NIR+SWIR

Trong d6 NIR I anh sang can hong ngoai (Near Infrared); SWIR 12 gia tri phan xa tir
kénh hong ngoai trung binh.

NBRI duoc sir dung dé so sanh giira thoi diém trudc va sau khi xay ra chay rimg, nham
danh gia murc d¢ thi€t hai va theo doi qua trinh phuc hdi cta hé sinh thai [43]. Khi mét khu
vuc bi chay, tham thyc vat s& bi giam manh vé d6 phan xa hong ngoai gan (NIR), trong khi
d6 phan xa ¢ dai hdng ngoai trung binh (SWIR) s& tang 1én do sy giam do 4m va su xudt hién
ctia bé mit tro [44]. NBRI 1a mot cong cu hiéu qua gitp cac nha quan ly tai nguyén rung xac
dinh cac ving bi thiét hai boi ltra, tir d6 hd tro cac quyét dinh lién quan dén viéc phuc hoi
hodc quan 1y rung sau chay [45]. Ung dung cua NBRI trong giam sat 16p phu rung tai Viét
Nam c6 tiém nang rat 16n [46]. Viét Nam 1a qudc gia c6 hé sinh thai rimg nhiét d6i da dang,
dé bi 4nh huéng bdi chay rimg tw nhién va con ngudi gay ra [47]. Viée sir dung NBRI trong
hé thong giam sat ring ty dong trén nén tang Google Earth Engine (GEE) gitip cai thién kha
nang phat hién s6m cac vu chay va danh gia thiét hai theo thoi gian thyc [6]. Hon nira, NBRI
cling gitip hd tro cac du an phuc hdi rimg sau chay, dam bao rang cac bién phéap khic phuc
duogc thuc hién kip thoi va hi¢u qua [48].

Nhu vay, chi s6 NBRI khong chi can thiét trong giam sat su thay doi tham thuc vat do
chay rimg ma con 1a mot cong cu manh mé dé danh gia muc do thiét hai va phuc hdi sau cac
su kién thién tai nay [49]. Viéc tich hop NBRI vao cac hé théng giam sat ring s& nang cao
hiéu qua quan 1y tai nguyén rimg, dic biét trong bdi canh bién doi khi hau va cac nguy co
chay rirng ngay cang tang [50].
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2.6. Chi s6 chat diép luc xanh (GCI)

GCI (Green Chlorophyll Index) 1a mot cong cu quan trong trong giam sat 16p phu rung,
tap trung vao viéc do luong ham luong chlorophyll trong tham thyc vat, tir d6 phan anh truc
tiép stc khoe va ning suét sinh hoc cua cdy cbi. GCI dic biét nhay cam vdi sy thay dobi vé
mirc d6 quang hop cia thuc vat, giup phat hién kip thoi cac van dé lién quan dén stress moi
truong nhu thiéu nude, sdu bénh, hodc cac hién twong suy thoai sinh khdi. Trong quan 1y
rung, GCI 1a mot chi s6 can thiét dé theo doi su thay doi stre khoe rung mot cach chinh xac
va nhanh chong [16]. Cong thirc tinh GCI nhu sau:

GCl = NIR
Green

Trong d6 NIR 1a dnh sang can hong ngoai (Near Infrared); Green la 4nh séang xanh
(Green), 1a anh sang ma thuc vat hdp thy it hon so véi cac bing tan khac, do d6 phan xa
manh.

GCI nhim vao ham luong chlorophyll, thanh phan thiét yéu ctia quang hop, do d6 nd cd
thé theo ddi su thay d6i nhanh chong trong qué trinh sinh truong va phat trién cua thyc vat
[51]. Diéu nay dic biét can thiét trong giam sat 16p phi rung, vi ham lugng chlorophyll c6
moi lién hé chat ché véi strc khoe ctia rimg [52]. Khi cdy coi bi stress, ham luong chlorophyll
giam, 1am cho gié tri GCI cing giam [53]. Nguoc lai, mot gia tri GCI cao phan anh tham thye
vat ¢ mat do day dac va strc khoe t6t [54]. Ung dung ctia GCI trong giam sat rung bao gdm
theo ddi su thay dbi vé sinh truong cua ciy rung, danh gia tac dong cua bién d6i khi hau,
phat hién sém sy suy giam sirc khoe rimg do cac yéu t6 tu nhién nhu han han, hodc cac hoat
dong nhan tao nhu khai thac g [55]. GCI ¢6 thé duoc sir dung dé danh gia su phuc hdi cia
rimg sau cac sy kién pha hoai nhu chéy rimg hodc sau cac hoat dong tai trong rimg [56]. Khi
tich hop vao cac nén tang phan tich dir liéu vién tham nhu Google Earth Engine, GCI cho
phép céc nha nghién ctru va quan ly ring theo doi dlen bién strc khoe cua rimg theo thot gian,
trén quy md 16n [6]. Didu nay gitp dua ra cac quyet dinh nhanh chéng va hiéu qua vé quan
ly va bao v¢ tai nguyén rumg, dac biét trong bbi canh bién doi khi héu va cac hoat dong gay
t6n hai dén hé sinh thai rimg ngay cang gia tang [57]. GCI cung cép thong tin chi tiét va kip
thoi, gitip bao ton va phat trién rimg bén vimng [58].

-1 (6)

2.7. Chi sé ddt tréng (BSI)

Chi sé BSI (Bare Soil Index) 1a mét chi s6 quan trong trong giam sat 16p phu rung, dac
biét nhdm muc tiéu phét hién va theo doi cac khu vuce dat tréng hodc cac khu vire bi suy thoai,
noi ma 16p phu thuc vat da bi mét di hodc suy giam nghiém trong. BSI duoc thiét ké dé phat
hién cac ving dat tréng bang cach so sanh su khac biét giita cac dai phd phan xa cua dat va
tham thyc vat [17]. Cong thurc tinh BSI nhu sau:

BS| = (SWIR+ Red) - (NIR+ Blue) )
(SWIR+ Red) + (NIR+ Blue)

Trong d6 NIR 1a gia tri phan xa hong ngoai gan; Blue 1a gi4 tri phan xa 4nh sang xanh;
Red 1a gia tri phan xa anh sang do; SWIR: la gia tri phan xa hong ngoai trung binh.

Chi s6 BSI dong vai tro quan trong trong viéc giam sat va danh gia qua trinh suy thoai
dat hodc pha rimg, boi nd giup phat hién cac ving dat trong mot cach chinh xdac, tir d6 hd tro
cac hoat dong quan 1y tai nguyén rimg [59]. Trong bdi canh cac khu vuc rimg bi khai thac
qua muc hodc bi pha hity dé phuc vu cho cac hoat dong kinh té nhu nong nghiép, BSI cho
phép phat hién kip thoi cac khu vuc bi suy thodi, hd trg trong viéc dua ra cac bién phap quan
1y va phuc héi kip thoi [60]. Ung dung cua BSI trong giam sat rung tai Viét Nam c6 y nghia
dic biét quan trong, khi ma dat nudc dang dbi mit v6i nhitng thach thic nghiém trong ve suy
giam dién tich rimg do khai thac g0, chuyen d6i dat nong nghi€p va phat trién ha tang [61].
Bang cach tich hop BSI vao cac hé théng giam sat tur dong trén nén tang Google Earth Engine
(GEE), cac nha quan Iy c6 thé theo ddi sy thay doi cta dat trong theo thoi gian thue va & quy
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mo 16n [6]. BSI ciing cho phép phat hién nhanh chong nhitng khu vuc c6 nguy co bi sa mac
hoa hoic suy thoai dat, tir d6 gitip hd trg cac chién luoc phuc hdi va quan 1y tai nguyén rimg
bén virng [62]. Nhu vay, chi sé BSI khong chi 1a cong cy hitu ich trong viéc phat hién va theo
ddi dat trong, ma con dong gop tich cuc vao viée quan 1y va bao vé tai nguyén ring tai Viét
Nam [63]. Voi tiém nang lon trong giam sat sy suy thoai tham thyc vat va dét dai, BSI sé&
tiép tuc 12 mot thanh phan quan trong trong cac hé thong giam sat rimg hién dai [64].

3. Két qua va thao luin

Ung dung dwa trén Google Earth Engine véi nén tang dit liéu phong phu va cong cu tinh
toan manh mé s& gitp cac nha khoa hoc, nha quan 1y, va nguoi dung cé nhan co6 thé dé dang
truy cdp va phan tich dit liéu vién thim mot cach nhanh chong va hiéu qua, gop phan quan
trong trong quan 1y tai nguyén thién nhién va bao ton madi truong. Quy trinh xdy dung tng
dung Google Earth Engine (GEE) nham muc dich tu dong phan loai khu vuc duge nguoi
dung lua chon dya trén cac chi s6 thuc vat, va thuc hién phan tich théng ké vé dién tich cling
nhu tao anh sau phén loai. a1 v

Hinh 1 thé hién so d6 khoi mo ta hé t6ng hop anh khu viee
thong giam sat bién dong 16p phu ring fu chon
Viét Nam véi ciu trac gém: thu thap dir
liéu vé tinh va ranh giéi hanh chinh, tién
xu ly va téng hop anh khu vuc lya chon,
tinh toan céc chi sd thuc vat (NDVLEVL i
SAVI...) sau d6 phan loai hién trang 16p  rmnh gidi cic don
phu theo cac ngudng dugc dinh nghia. Két "o Ve
qué phan loai duoc thong ké va phan tich,
cudi cling xuét va hién thi qua cac ban do,
va sb liéu thong ke.

Phan loai hién trang
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Xuat va hién
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Hinh 2. Giao dién hé thdng giam sat bién dong 16p phii rimg Viét Nam.
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nguén dit liéu tr vé tinh Landsat 8, Landsat 9, va Sentinel-2. Mdi ngué)n cung cép dit liéu voi
do phan giai va dac tinh khac nhau, mang lai su linh hoat cho qua trinh phan tich 16p phu
thuc vat. Ngudi dung ciing c6 thé thiét 1ap khoang thoi gian nhat dinh va yéu cau loc dit liéu
theo ty 1€ che phu bdi may, nham tdi wu hoa dit 1iéu vé tinh c6 chét luong cao. Hon nira, ing
dung cho phép ngudi dung lua chon khu vire quan tim (AOI) bang cach vé truc tiép trén ban
dd, giup dam bao qué trinh phan loai dugc c4 nhan hoa va chinh xac theo yéu cau.

3.2. Thu thdp va loc dir liéu dau vao

Dit liéu ban dd dia giéi hanh chinh Viét Nam tur ngudén GADM (https:// gadm.org/) dong
vai trd quan trong trong nghién ciru ndy, cung cép ranh gii hanh chinh tir cdp tinh, huyén
dén x4, gitp xac dinh chinh xac cac khu vuc phan tich. Bo dir liéu nay khong chi hd tro nguoi
dung lwya chon khu vuc quan tdm ma con dam bao tinh ddng nhét va chinh xac cua dit liéu
dau vao, gitip hé thong cung cap két qua phan tich phil hop véi timg don vi hanh chinh. Nho
do6, cac co quan quan 1y dé dang theo d&i va dua ra quyét dinh vé cong tac bao vé va phat
trién rimg tai cac dia phwong. Dit liéu ranh gidi nay s& duoc tai 1én va st dung trong céc lya
chon dau tién vé khu vyuc giam sat 16p phu rimg tai Viét Nam.

Bén canh do6, dir li¢u tir Landsat 8, 9 va Sentinel-2 gitip nang cao hi€u qua giam sat bién
dong 16p phu rimg nh¢d d6 phén giai khong gian tir 10 dén 30 mét va cac kénh phd quan trong
cho viéc tinh toan chi so thyc vat. Voi chu ky lap lai nhanh tir 5 dén 16 ngay, hé¢ thong co
kha nang theo doi chi tiét va kip thoi cac bién dong. Google Earth Engine cung cip nén tang
tiép can he thdng dir liéu vé tinh 16n nay véi cac yéu cau vé thoi gian va mirc d may che
phu, t01 uu hoa chat luogng dir liéu dau vao bang cach loai bd cac anh bi anh hudng bdi may
hoac yeu t6 thoi tiét. Viéc loc theo cac thong sd da chon dam bao chi cac anh c¢6 chat luong
cao nhat duoc sir dung trong qua trinh phén tich.

3.3. Téng hop va bién doi anh

Tong hop anh vé tinh trong mot khoang thoi gian nhat dinh 13 ky thuat quan trong trong
nghién ctu bién dong 16p phu rung, gilip lam giam anh hudng cua cac yéu t6 ngau nhién
ngan han, chang han nhu thoi tiét va nhidu anh tam thoi, tao ra cai nhin 6 6n dinh va nhat quan
hon Ve xu huéng dai han cua 16p phu [65, 66]. Cac phuong phap téng hop anh theo gid tri
cuc tiéu (min), cuc dai (max), trung binh (mean), va trung vi (median) dong vai tro khac nhau
trong qua trinh nay: ching khong chi giam thleu nhidu ma con gitp tap trung vao cac mo
hinh bién dong bén viing theo thoi gian. Anh tong hop trung binh cung cap cai nhin tong
quan, lam mo céc bién dong ngin han, trong khi anh cyc dai va cyc tiéu gitip xac dinh gioi
han cta cac gia tri phan xa, qua d6 phat hién nhirg khu vuc c6 bién dong bét thuong [67,
68].

Trong diéu kién khi hau nhi¢t déi, noi ty 1€ may che phu cao va kéo dai su6t nam nhu tai
Viét Nam, viéc thu thap anh khéng bi anh huéng bai may cho timg thoi diém riéng 1é 1a mot
thach thirc 16n. K§ thuat tong hop anh gitip khic phuc diéu nay, dic biét 1a phuong phap cuc
tiéu, c6 xu hudng loai bo cac ving may do gia tri phan xa cao ciia may so v6i 16p phu thuc
dia [69]. Céc anh trung vi va trung binh cling lam giam tac dong ciia may, vi ching st dung
gi4 tri phan xa phd bién trong khoang thoi gian quan sat, 1am mo anh hudng cua cac dam
may tam thoi. Nguoc lai, anh cuc dai, khi két hop v6i loc may ban déu, c6 thé cung cép thém
thong tin vé mat do 16p phu t6i da cua rimg trong mot khu vire nhat dinh.

Nho cac phép téng hop nay, dir liéu anh vé tinh duoc tao ra sé hd tro theo ddi chinh xac
va lién tuc cac thay d6i trong 16p phu rung, ddng thoi cai thién kha ning phat hién xu huéng
phuc hoi hodc suy giam cia rimg. Diéu nay dac biét hiru ich trong cong tac quan ly va bao
t6n tai nguyén rumg, déng gop vao cac chién luge bén ving [6].
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3.4. Tinh todn cdc chi s6 thuc vit

Céac anh chat lugng cao thu dugc sau qua trinh loc, s¢ dugc dua vao tu dong tinh toan
cac chi sb thuc vat quan trong dua trén dir licu dau vao, bao gém NDVI, EVI, SAVI va
NDWL. Nhiing chi s6 ndy gitp danh gia mat d6 va sirc khoe cta tham thuc vat trong khu vuc
phan tich. NDVI 14 chi s6 pho bién nhét, giup do ludng strc khoe thuc vat bang cach so sanh
su phan xa cta anh sang do va can hong ngoai. EVI duogc st dung dé tang d6 nhay cam trong
cac khu vue c6 mat do thyuc vat cao, trong khi SAVI diéu chinh cac yéu tb lién quan dén 16p
dat tréng. NDWI hd tro trong viéc phat hién cac vung nudc va xac dinh do 4 4m cua dit va
thuc vat. Viéc sir dung két hop céc chi s6 ndy mang lai cai nhin toan dién vé tinh trang 16p
phu thuc vat va nudc trong khu vuc da chon. Cac cong thure chi s6 duoc trién khai duéi dang
script trén GEE, cho phép xir 1y dit liéu quy md 1én, thuc hién phan tich chudi thoi gian, va
trich xudt thong tin khong gian chi tiét. Két qua tir cac chi s6 nay la co s& dé xdy dung hé
thng giam sat 16p phu ring, hd tro viée ra quyét dinh trong quan 1y rimg bén viing tai Viét
Nam.

3.5. Phan loai lop phu rieng

Qua trinh phan loai hién trang rirg dua trén cac chi s6 thuc vat da duge ung dung rong
rdi trong nghién ciru vién tham va quan 1y tai nguyén ring, dic biét 1a tai Viét Nam. Viéc su
dung cac ngudng gid tri cia cac chi s6 thuc vat nhu NDVI, EVI, SAVI, NDWI, NBRI, GCl
va BSI da dugc ching minh qua nhiéu nghién ctru trong viéc phan loai ring, dat tréng, dat
nong nghiép, va cac dang tham thue vat khac. Nhimg chi s6 nay khong chi giup dinh hinh rd
rang sy khac biét gitra cac loai 16p phu ma con cung cap co so khoa hoc cho viéc theo doi sy
thay ddi ciia mdi truong rimg qua thoi gian. Cu thé, cac ngudng gia tri cua cac chi sO nay
duoc thiét 1ap dua trén cac nghién ctru vé phan xa quang pho cia tham thyc vat, gitip phan
biét cac dang 16p phu mot cach chinh xac va hiéu qua. Bang 1 dudi day cung cip cac ngudng
gia tri cua tung chi s6 thyc vat va cac loai hinh hién trang rung tuong tng, dugc téng hop tir
nhiéu nghién ciru da dugc cong bd tai Vit Nam va trén thé gioi.

Bang 1. Ngudng gi tri ciia cac chi sé trong phan loai 16p phi rimg.

STT  Chi s6 thye vat Loai hinh 16p phi Ngudng gia tri  Ngudn tai liéu trich din

Rung giau 06-09
Rung thua 0,3-0,6

1 NDVI L N [70, 71]
Pat nong nghiép 02-04
Dit tréng hodc d6 thi -0,1-0,2
Rung giau 05-1,0

2 EVI Ruing thua 0,2-0,5 [72]
Dit tréng hodc nong nghiép 0,0-0,2
Rung giau 0,4-0,7

3 SAVI Rung thua 0,2-04 [73]
Dat trong hodc néng nghiép 0,0-0,2
Vung nudce 05-1,0

4 NDWI Rung giau 0,2-0,5 [74,75]
Dit tréng hodc do thi -0,5-0,0
Rung bi chay -0,1 —-0,5

5  NBRI Rirg sau phuc hoi 0,1-0,5 [76, 77]
Dat trong sau chay -0,5-0,0
Rung khoe 0,3-0,8 ,

6 GCI ) [78, 79]
Rung suy thoai 0,0-0,3
Dt tréng hodc suy thoai 0,1-0,5 i

7  BSI [64, 80]

Rimng 0,2-0,1
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3.6. Phdn tich va thong ké dién tich

Qua trinh tinh toan va téng hop dién tich cho tung loai hinh hién trang rung dugc thuc
hién ty dong trén nén tang Google Earth Engine (GEE), dya trén céc chi sb thue vat duoc
tinh toan tur dir li¢u vé€ tinh Landsat 8, 9 va Sentinel-2 do nguoi dung lya chon. Céc chi )
thyuc vat cho phép phan biét cac trang thai rirng va cac khu vuc khong c6 rung thong qua céac
ngudng chi s6 thuc vat dic trung. Dya vao dit li¢u dia gidi hanh chinh ttr GADM, dién tich
cua tung loai hinh hi¢n trang rung duoc xac dinh chinh xac theo tirng khu vuc hanh chinh.
Phuong phép nay gitup phat hién va do ludng nhanh chong, chinh xéac cac bién dong vé dién
tich rimg theo thoi gian, tir d6 hd tro hiéu qua cho cong tac quan 1y va bao ton tai nguyén
rung.

3.7. Xudt két qud va hién thi anh sau phdn loai

Sau khi hoan tat qua trinh phan loai va tinh toan dién tich, Kkét qua s€ duoc hién thi duéi
dang ban d6 s6 vdi cac 16p mau khac nhau biéu thi cho ting loai dia hinh hoic 16p pha thuc
vat. Nguoi ding c6 thé xem truc tiép két qua nay trén giao dién ing dung va tiy chon tai
xudng anh phén loai hodc dit lidu thong ké dudi dang bang tinh dé phuc vu cho céc nhu cau
phan tich hodc bao céo chi tiét. Ung dung cung cap tinh nang linh hoat trong viéc xuét dir
lidu, gitip nguoi dung dé dang chia s¢ hoic tiép tuc nghién ctru trén cic nén tang khac nhau.

P 0 A0 €024 ot 1o

Hinh 3. Hién thi két qua sau phan loai theo chi sé thuc vat: (a) Anh sau phan loai theo chi sé NDVI khu
vuc tinh Hoa Binh thang 10 nam 2020, (b) Anh sau phan loai theo chi s6 NDVI khu vuc tinh Hoa Binh
thang 10 nam 2024, (c) Anh sau phan loai theo chi s6 NDVI khu vye tinh Quang Ngii thang 8 nam 2020,
(d) Anh sau phan loai theo chi s6 NDVI khu vyc tinh Quang Ngii thang 8 nam 2024.

Hinh 3 trinh bay két qua phén loai 16p phu dua trén chi s6 NDVI tai khu vuc tinh Hoa
Binh va Quang Ngai trong hai méc thoi gian khac nhau: nam 2020 va nam 2024. Cu thé, hinh
3a, 3b thé hién phan b gia tri NDVI tai tinh Hoa Binh vao thang 10 ndm 2020 va thang 10
nam 2024, trong khi hinh 3c, 3d mo6 ta tinh hinh tuong tu tai tinh Quang Ngai vao thang 8
nidm 2020 va thang 8 nim 2024. Két qua phan loai dwa trén cac ngudng NDVI, phan anh sy
khac biét vé murc do che phu thuc vat. Su so sanh gitra cac mbc thoi gian cho théy nhitng
bién dong dang ké trong 16p phi rimg tai ca hai tinh, qua d6 thé hién rd két qua cua nghién
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ctru trong x4y dung hé théng giam sat bién dong 16p phu ring dwa trén nén tang GEE trong
ho trg xu 1y dit liéu v€ tinh va phan tich chuoi thoi gian, cung cap thong tin chi ti€t va truc
quan phuc vu cong tac quan ly tai nguyén ring bén virng.

3.8. Panh gia do chinh xac

Trong cac nghién clru gﬁn day, nhiéu thuc nghi¢m da duoc thyc hi¢n nham danh gia do
chinh x4c ctia céc chi s6 thuc vat nhu NDVI, EVI, SAVI, NDWI, NBRL GCI va BSI trong
viéc giam sat va phan loai 16p phu rimg. Chi s NDVI da duoc ching minh 13 c6 kha ning
phan loai chinh xé4c 16p phu rimg trong nhiéu diéu kién moi truong khac nhau, dat do chinh
xéc phan loai 16p phu rimg khoang 85% trong cac khu vue rimg gidu, nhung giam xubng con
70% trong cac khu vuc co 16p phu thuc vat thua [70]. Trong khi d6, EVI cho thdy wu thé
trong viéc phan biét gitra cac loai tham thuc vat day dac va it che phu, dac biét 1a ¢ nhitng
khu vuc bi che pht b1 may hodc co6 bui ban, nh& vao kha nang diéu chinh anh huodng cua
cac yéu td ngoai canh. Do chinh xac dat khoang 88% trong cac khu vuc c6 may hodc byi ban,
so voi 75% cua NDVI trong cung diéu kién [72]. Chi s6 SAVI, véi viéc bd sung hé s6 L, da
cho két qua kha quan trong cac khu vuc c¢6 16p phu thuc vat thua, gitp giam thiéu tac dong
ctia dat Ién phép do da cho d¢ chinh xac khoang 82% trong viéc phan loai rung thua, cao hon
50 vGi 68% cua NDVI [73]. NDWI dugc cong nhan c6 hiéu qua trong viéc theo ddi do am
cua thyce vat, da dugc chimg minh c6 d¢ chinh xéc 1én td1 90% trong viéc theo doi do am cua
thuc vat, dac biét hidu qua trong phat hién cac hién twong kho han va chay rimg [74]. Chi sd
NBRI da cho théy kha nang cao trong vi¢c danh gia thiét hai sau céc sy kién chay rung, dat
d6 chinh x4c khoang 92% gitip xac dinh nhanh chéng cac khu vuc can phuc hoi [14, 43, 76].
GCI, chi s6 phan anh ham luong chlorophyll, d duoc chimg minh ¢ kha nang phat hién sy
thay d6i vé strc khoe cua thuc vat v6i chinh xac dat 85% trong viéc phat hién su thay doi st
khoe thyc vat, duge img dung trong viéc theo doi tinh trang stress cua rung [79]. Cudi cung,
BSI d3 chiing to tinh hiéu qua v6i do chinh xac 18n t&i 87% trong viéc phat hién cac ving dat
tréng va suy thoai, hd tro hi¢u qua cho quan 1y tai nguyén rimg bén ving [64].

Nhiing con s6 nay khong chi chimg minh tinh hi¢u qua ctia cac chi s6 thyc vat trong viéc
giam sat va quan ly tai nguyén rung ma con mo ra co hoi cho cac phuong phap giam sat hién
dai trong bdi canh bién dbi khi héu va suy thoai moi truong. Tur do, cac chi s6 nay dong vai
tro quan trong trong viéc cung cap thong tin kip thoi va chinh xac cho cac nha quan 1y rung,
g6p phan bao ton va phat trién bén viing cac hé sinh théi rimg toan cau.

4. Két luan

Ung dung phat trién trén nén tang Google Earth Engine (GEE) dé theo ddi va danh gia
hién trang rimg mang lai nhidu wu diém vuot troi trong quan 1y tai nguyén thién nhién. Mot
trong nhimg uu diém 16n nhat 1a kha nang xir Iy dir liéu v¢ tinh 1on theo thoi gian thuc voi
téc d6 nhanh chong, cho phép nguoi dung c6 thé cap nhat thong tin vé hién trang rimg mot
cach lién tuc va hiéu qua. Ung dung ciing c6 tinh linh hoat cao khi cho phép nguoi dung tuy
chon céc loai dir li€u v¢ tinh (Landsat 8, 9 va Sentinel-2), thoi gian va mue do loc may, giup
viéc gidm sat ring tré nén phu hop véi cac diéu kién cu thé cua Viét Nam va timg khu vuc
dia Iy khac nhau. Diéu nay gitp ngudi dung c6 thé theo ddi cac blen dong rung kip thoi, dac
biét hd tro rat l6n trong viée dua ra cac quyét dinh quan 1y va bao ton rimg clia cac co quan
quan 1y truc tiép. Bén canh do, viéc sir dung umng dung trén GEE khong doi hoi ngudi dung
c¢6 k¥ ning va hiéu biét nhleu vé Vlen tham va qua trinh xur ly dir liéu, diéu nay cho thay vai
tro cua tmg dung trong thuc té 1a rat can thiét dac biét cho nhimng ngudi sir dung quan tim c6
kién thire chuyén mon vé cac linh vuc khac nhau c6 thé tham gia vao qua trinh theo ddi va
gia quyet dinh trong tuong lai.

Tiém ning phat trién cua tmg dung nay 1a rat 16n, dic biét khi xu hudng quan ly tai
nguyén thién nhién theo thoi gian thyc ngay cang dugc chi trong. Véi viée tiép tuc phat trién
va cai tién, tmg dung c6 thé tich hop thém céc thuat toan hoc may (machine learning) va tri
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tué nhan tao (AI) dé ting cudong kha ning phan loai va dy doan bién dong rimg mét cach
chinh xac hon. Ngoai ra, vi¢c cai thién giao dién nguoi dung, tang cuong kha nang ti_ép can
va dao tao cho ngudi dung khong chuyén s& mé rong pham vi tng dung, gitip cac t6 chuic
chinh phu, nha nghién ctru va doanh nghiép tu nhan c6 thé st dung céng cu nay mot cach dé
dang hon trong viéc ra quyét dinh lién quan dén quan 1y va bao vé rimg.

Pong gbép cia tac gia: Xay dung ¥ tuong nghién ciru: V.X.D.; Xt Iy s6 lidu: V.X.D.; Viét
ban thao bai bao: V.X.D.; Chinh stra bai bao: V.X.D.

Loi cam doan: Tac gia cam doan bai bdo nay la cong trinh nghién clru cua tac gia, chua
dugc cong bd ¢ dau, khong duoc sao chép tir nhitng nghién ciru trudce day; khong co sy tranh
chap loi ich véi tac gia.
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Application of Google Earth Engine in developing a forest cover
change monitoring system in Vietnam

Vu Xuan Dinh!*

! Department of Geodesy, Mapping and GIS, College of Land Management and Rural
Development, Vietnam National University of Forestry; dinh.vuxuan@gmail.com

Abstract: This study focuses on developing an automated system to monitor forest cover
changes in Vietnam through the Google Earth Engine (GEE) platform, using widely
recognized vegetation indices. Amid increasing deforestation and climate change, this
system provides a rapid, accurate, and cost-effective solution for tracking forest dynamics
without the need for substantial infrastructure investment. The indices NDVI, EVI, SAVI,
NDWI, NBRI, GCI, and BSI are applied to assess forest health and coverage levels. This
research underscores the critical role of remote sensing technology in forest monitoring,
leveraging satellite data to analyze changes in forest area and ecosystem health. With its
large-scale processing capabilities, GEE enables broad-area analysis and early detection of
phenomena such as deforestation, wildfires, and forest degradation. This system serves as a
crucial decision-support tool for sustainable forest management and conservation, while
also automating monitoring processes, contributing to improved resource management
efficiency and biodiversity protection.

Keywords: Google Earth Engine; Remote Sensing Technology; Vegetation Indices;
Natural Resource Monitoring; Vegetation Classification; Vietnam.
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Tém tit: Bai bao str dung s6 liéu mua trai mua tir nam 1993-2022 cta 18 tram khi tuong
va 22 tram do mua nhan déan (nay 13 tram do mua tu dong) va sd liéu do luu luong tai 12
tram thiy van ¢ khu vue Tay Nguyén, thong qua cac phuong phap tinh toan thong ké,
phuong phap tinh xu thé, phuong phap tuyén tinh, phuong phap st dung cong thir tinh.
Két qua cho thay: Mua kho & Tay Nguyén kéo dai tir thang 11 dén thang 4 nim sau, tong
lwong mua trung binh trong cac thang mua kho pho bién tir 160-500 mm, tong lugng mua
trung binh thang khoang 40-90 mm/thang. Mua trdi mua da c6 nhitng tac dong tich cuc dén
dong chay mat trong mua kho, cai thién tinh hinh nguon nudc sinh hoat, tudi tiéu cua ngudi
dan, dic biét 1a cac khu vuc xa ho chira, cac cong trinh thuy loi; 1am giam nén nhiét va giam
nguy co chay rimg. Bén canh d6, mua trai mua ciing c6 nhiing tac dong tiéu cuc dén nguon
nudc trén cac luu vuce song. Ddi vé6i cac luu vue ¢6 dién tich nho, do doc 16m, cac khu do
thi, dong dan cu va cac khu vuc dé sat 1& thi mua trai mua s& cé thé gy I, ngap va sat 16
dat... anh huong dén doi sdng ctia ngudi dan.

Tir khoéa: Mua trai mua; Ngudn nuéc; Tay Nguyén.

1. Giéi thi¢u

Nhitng nim gan day, luong mua ¢ Viét Nam noi chung va khu vuc Tay Nguyén noi
riéng d4 c6 nhitng bién dong twong ddi 16 rét. Nhiéu tran mua voi tong lugng mua dat mdc
lich sir da xay ra khong chi trong muia mua ma con trong mua kho, thoi gian mua ciing kéo
dai, c6 nhitng nam xdy ra mua lién tuc, khong ngét trong tir 01 dén 02 thang (nhu dot mua
thang 7-8/2018). Su bién dong nay da va dang gy nhiing anh huong l6n dén doi sdng kinh
té-xa hoi trong khu vyc. Thoi gian qua, c6 rat nhiéu nhitng d& tai, du an, nhiém vu da tap
trung nghién ctru vé bién dong tinh hinh mua ciing nhu tac dong ctia mua dén ngudn nudc
trén lanh thd Vi€t Nam noi chung va khu vuc Tay Nguyén ndi riéng, tuy nhién, lai c6 rat it
nghién ctru vé mua trai mua va nhimng tic dong ctia né dén ngudn nudc trén cac song chinh
khu vyc Tay Nguyén. Hién nay, co nhiéu cac nghién ciru ngoai nuge vé céc sy kién cuc doan
lién quan dén mua [1-4]. Tuy nhién, cac nghién clru tap trung vé xu thé bién d6i mua cuc tri
& khu vuc phia Nam Viét Nam khong nhiéu, cha yéu sir dung cac phuong phap: chi sO thong
ké; twong quan véi hoan luu quy mo 16n; mé hinh chi tiét hoa théng ké va déu co két qua
chung 1a xu hudng tdng mua cyc tri & phia nam Viét Nam trong do c¢6 khu vuc Tay Nguyén.

Tai Viét Nam, cho dén nay ciing dd c6 cac nghién cru vé& mua trai mua nhu trong bai
bao [5] d4 phan loai cac hinh thé thoi tiét gdy mua 16n, két hop véi cac so liéu do mua mit
Tap chi Khi twong Thiiy vén 2025, 772, 67-76; doi:10.36335/\VNJHM.2025(772).67-76  http:/tapchikttv.vn/
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dat thoi ky 1987-2006. Bai bao trinh bay cac két qua thong ké, phan tich nguyén nhéan bién
ctia thoi tiét mua 16n vang Béc Trung B, trong d6 nguyén nhén chinh cua cac dot “mua 16n
trai mia” ¢ phia Bic khu vic Bic Trung B6 chu yéu 1a do 3 loai hinh thé thoi tiét: (i) Bao
hoic ATND (37,5%); (ii) Hinh thé thoi tiét t6 hop xody thuan, rdnh thip va gié dong nam,
hoi tu kinh hudng... (37,5%) va (iii) Hinh thé nhiéu dong (18,7%). Con & phia Nam khu vuc
Bic Trung B6 nguyén nhan cha yéu chi 14 hai loai hinh thé thoi tiét: (i) bio hoic ATND
(50%); (i) Hinh thé thoi tiét to hop ranh thap, xody thuan va gié dong nam, hoi ty kinh hudng
(40%) va bai bao nay trinh bay cac két qua thong ké, phan tich nguyén nhéan bién cua thoi
tiét mua 16n ving Bac Trung Bo. Trong nghién ctru [6] di x4y dung mot cong ngh¢ phan
tich, giam sat, du bao dong chay han vira, han dai trong mua can dap ung yéu cau du bao
thity van phuc vu quy trinh van hanh lién hd chira, dap mg yéu cau hiéu qua trong du bao
tac nghi€p co6 vai tro quan trong trong cong tac phong tranh va giam nhe thién tai trén luu
vuc song. Tuy nhién, chua c6 mot nghién ctru cu thé nao vé viéc danh gia mua trai mua ciing
nhu tic dong ctia mua trai mua tdi ngudn nudc trén cac song chinh cua khu vue Tay Nguyén.

Dé lam sang r6 thong tin trén, muc dich nghién ctru trinh bay vé cac dot mua trai mua
cling nhu tic dong cuia cac dot mua trai mua dén ngudn nudc trén cac song, sudi khu vuc Ty
Nguyén.

N

2. Phuong phap nghién ctru va so liéu sir dung e s
2.1. 6 liéu sir dung I o
S6 liéu mua: S6 lidu quan tric lugng mua ngay | ‘ ;'—:’5""{. o )
duogc tinh tir 19 gio hdm truge dén 19 gio ngay hom = G S 2 v
sau cua 18 tram khi tugng trén khu vuc Tay Nguyén e 2
Q

va 22 tram do mua nhan dan (nay la do mua tu dong)
tir ndm 1993 dén 2022. s

S6 liéu dong chay: S lidu quan tric luu lugng el
tai 12 tram thily vén trén cac hé thong song Sé San, hoa {odumms,
song Ba, song SRéPSk va song Dong Nai thuoec khu & L, :
vuc Tay Nguyén. ot AICC,

1YOUN

127°00N

* TRAMND
TOIRAMTY

2.2. Phuong phap nghién ciru : ¢ TRAMKT

0P 10800 WOV MoovE

2.2.1. Phuong phap tinh toan thong ké ‘
. . o Hinh 1. So d6 cac tram Khi tugng Thuy van
V6i phuong phap nay, nghién ctru lya chon theo 3 po mua nhan dan Tay Nguyén.

cac dic trung co ban nhu sau: Mua kho va dg dai mua

kho: Trong khi hau, mua mua/kho dugc tinh can ctr vao lugng mua thang. Mua mua la mua
cac thang lién tuc c6 lugng mua trung binh > 100 mm, con mua kho 1a thoi ky céc thang lién
tuc c6 lugng mua trung binh thang < 100 mm [/-9]. Vi quan ni¢m do, ngudng chi tiéu
lwong mua thang nhoé hon 100 mm/thang s& dugc str dung trong bai bao dé xac dinh mua kho
va do dai mua kho; S6 ngay mwa (SNM): 1a s6 ngay ¢6 lwong mwa ngay > 0,1 mm/ngay trong
chudi sb liéu lwong mua ngay (Bo nhiing ngay c6 luong mua do dugc bang 0 mm); Mua vura
va [on: Mua la mét trong hai bién khi hau quan trong nhét. Dic trung vé mua rat da dang nhu
dja diém mua, thoi diém xuét hién, thoi gian kéo dai, cudng do mua, tong lugng mua, ... Mic
du vay, khi dé cap dén tinh cuc doan ngudi ta thuong quan tim dén cuong do mua, duoc dac
trung boi hién tuong mua 16n. Khai niém mua 16n cling 1a mot khai niém tuong ddi.

2.2.2. Phuong phép tinh xu thé

Trong phén tich théng ké, muc dich cua phan tich xu thé bién doi cua chudi sb liéu theo
thoi gian 1a xac dinh céc bién doi cua mot bién ngau nhién 1a tang hay gidm theo thoi gian
hay xac suat phan bo thay doi theo thoi gian. Co nhiéu cach ki€m tra dinh tinh hodc dinh
lugng cta xu thé nhu: Do thi, hoi quy tuyén tinh, Mann-Kendal va xu thé Sen. Nghién ctru
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nay ap dung phuong phép tuyén tinh dé kiém tra xu thé bién di cua cac dic trung mua [10,
11].
Lap phuong trinh xu thé bién d6i theo phuong phap binh phwong ti thiéu:
> l(x —x)(t— t) b —%ai

Xt=ho+ant; a = o =X—a,t (1)
Z(t t)2

Céc dac trung thu duoc tir phuong trinh xu the bao gém: Tép d6 xu thé: a1; Goc xu thé:
bo; Mtrc tang hay giam trong thoi ky nghién ctru: D = ain; Hé s6 twong quan theo thdi gian

(rxt) .

> (X —X)(t-1)
\/i(x—ifi(t—bz

r

xt

)

3. Két qua va thao ludn

3.1. Dac diem cua cac dot mwa trai mua

Mua trai mua la nhirng trdn mua mang tinh chat bat thuong vé ca thoi gian lan cuong
d6. Mua trai miia nhung & cip mua nho khong c6 nhiéu y nghia voi nguon nudce cling nhu
anh hudng té1 ndng nghiép hay doi song san xuét. Vi vay, trong khuon kho nghién ctru nay
lira chon nhitng dot mua trai mua dién hinh véi 2 tiéu chi lugng mua & cap vira tré 1én va xay
ra trén 50% s6 tram trong thoi ky mua kho [12—15]. Dudi déy 1a két qua danh gia vé cac dot
mua trai mua trén khu vuc Tay Nguyén:

a) Thoi gian kéo dai cac dot mua

Theo s liéu théng ké trong 30 nam (tir nam 1993 dén nam 2022), thoi ky mua kho tai
cac tinh Tay Nguyén c6 khoang tir 350 dén 400 dot mua, riéng tinh Lam Ddng ¢6 khoang
gan 650 dot mua.

Phan 16n cac dot mua nay kéo dai phd bién tir 01 dén 02 ngay véi tan suét tir 18 dén
70%, s6 dot mua kéo dai 03 ngay chi c6 tan suat tir 8 dén 13%, cac dot mua kéo dai trén 5
ngay it khi xay ra. Tuy nhién trong 30 nam thong ké, tai tinh Dak Nong (nam 1999) va tinh
Lam Pong (nam 2014) déu c6 01 dot muwa kéo dai khoang 19 ngay.

b) S6 dot mua trai mua theo nim

Trung binh mdi nim c6 khoang tir 12 dén 13 dot mua, riéng tinh Lam Pong c6 khoang
22 dot mua. Nam nhiéu nhat c6 khoang tir 20 dén 23 dot mua (Lam Dong khoang tir 27 dén
29 dot mua), ndm it nhét co khoang tir 6 dén 8 dot mua (Lam Pdng khoang tir 13 dén 14 dot
mua). C6 thé thay rang trén khu vuc Tay Nguyén cac dot mua dang c6 xu thé tang/giam khac
nhau theo ting tinh. Trong khi cac tinh Kon Tum, Gia Lai, Lam Dong c¢6 xu thé tang thi tinh
Pik Lak, Pk Nong co xu thé giam cham.

sO bOT MUUA THEO ) THANG 86 DPOT MUYA THEO DIEN MUA

180 168 168 250
160

) 41 14 197
140 37 200

120
120
150 131
100 ; 120 120118
83
80 76
66 100
60 49
40 50
23 N22
20 g H l) HH I
o ll I 0
Tha Thing 11 Thing 12 Vai nei Rairac Nhiéu noi Hénhop
EKONTUM ®GIALAI mPAKLAK =PAKNONG mLAMDONG mKONTUM ®GIALAI mDAKLAK =wDAKNONG mLAMBONG

Hinh 2. S6 dot mua theo thang Tay Nguyén. Hinh 3. S6 dot mua theo dién mua Tay Nguyén.
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¢) S6 dot mura trai mua theo thang

Néu xét cac dot mua theo thang ciing tuong ty lwong mua va sb ngdy mua, tap trung vao
thang 4 va thang 11 hang nam. Thang 01 13 thang c6 s6 dot mua it nhat khoang tir 08 dén 12
dot (tinh Lam Déng nhiéu hon khoang 54 dot). Thang 4 la thang c6 s6 dot mua nhiéu nhét
khoang tir 127 dén 168 dot, riéng tinh Lam Dong thang 11 nhiéu hon céc thang khac.

O day, can luu ¥ rang cac dot mua nay déu c6 noi c6 mua vira [16] tré 1én chir khong
phai mua vira mua to dién rong nhu trong tinh toan mua 16n dién rong [17], tham chi c6 khi
chi c6 mot vai diém c6 mua hodc c6 mua dién rong nhung chi mot vai noi c6 mua 16n va
cling ¢6 noi khong mua. S6 dot mua theo dién mua duge thé hién trén Hinh 3.

S6 dot mua trai mua trén khu vuc Tay Nguyén, s6 dot mua dién vai noi dao dong tur 18
dén 102 dot, riéng tinh Lam Ddng c6 214 dot; s6 dot mua dién rai rac tir 99 dén 181 dot; s6
dot mua dién nhiéu noi tir 71 d&én 120 dot; s6 dot mua dién hdn hop tir 48 dén 105 dot, riéng
tinh Lam Pong 1a 197 dot.

Pang luu y & day 1a trong cac dot mua trai mia nay van cd xudt hién nhitng ngay c6 mua
vira mua to dién rong, tham chi mua rat to [18] (midc du chiém sb it) va nhung dot mua dic
biét nay thuong x4y ra vao thang 11 sang thang 12.

d) Tong luong mua trai mua theo thang

Theo s lidu thong ké, mua kho trén khu vue Tay Nguyén bat dau tir thang 11 ndm trude
dén thang 4 nam sau, tong lugng mua pho bién tir 150-350 mm, riéng khu vuc phia Dong
Gia Lai - Pak Lik, Tay Nam tinh Lim Ddng luong mua cao hon cac khu vyuc khéc, phd bién
tr 350-650 mm, c4 biét tai huyén Mdrak lwong mua dat 1140 mm.

Téng lugng mua mua kho nhod hon nhiéu so v6i lugng mua mua mua, chiém khoang 10
dén 20% tong luong mua nam, riéng khu vuc phia Pong cac tinh Gia Lai - Pik Lak va Tay
Nam tinh Lam Déng chiém tir 22 dén 49%.

Luong mua thap nhat thuong xay ra tir thang 01 dén thang 02 (thot ky gitra mua kho)
lwong mua phd bién dudi 15 mm, phia Pong Gia Lai - Pak Lak, Tay Nam tinh Lam Ddong
lugng mua cao hon cac khu vuc khac.

Théng 3 lugng mua bat dau ting cao hon pho bién tir 10-70 mm, riéng khu vuc Tay Nam
cac tinh Pk Nong - Lam Ddng tir 90-140 mm.

Théng 4 lwong mua tang nhanh pho bién tir 40-120 mm, riéng khu vuc phia Tay Nam
tinh Pak Nong va tinh Lam Dong tir 120-180 mm, mot sd noi cao hon.

Thang 11 mua thuong tip trung ¢ khu vuc phia dong Tay Nguyén, lugng mua tir 300-
500 mm, trong khi cac khu vuc khac chi tir 40-120 mm.

Théng 12 lugng mwa bat dau giam nhanh, phd bién dudi 50mm, tuy nhién khu vuc phia
Doéng van con mua vé6i lugng tir 200-350 mm.,

3.2. Dac trung cac dot mua trai mua o Tdy Nguyén

Mua véi lwong nho khong c6 ¥ nghia gi nhiéu ddi véi ngudn nudc, trong bai bao nay chi
thong ké cac dot mua c6 lwong mua vira tré 1én. Trong d6 dién mua nhiéu noi 13 s6 tram c6
mua trén 2/3 téng s6 tram do, rai rac 1a sb tram c6 mua tir 1/3 dén dudi 2/3 téng s6 tram do,
dién mua vai noi 14 s6 tram c6 mua dudi 1/3 tong s tram do, dién mwa hdn hop [19] 12 mua
c6 cac ngay mua két hop cac kiéu mua trén. Trong 30 nam thdng ké sé dot mua trai mua trén
khu vuc Tay Nguyén, so dot mua dién vai noi dao dong tur 18 dén 102 dot chlem 5% dén
26% trong tong s0 dot mua, riéng tinh Lam Dong c6 214 dot chiém 33%; sé dot mua dién
rai rac tir 99 dén 181 dot chiém tir 20 dén 50%; s6 dot mua dién nhiéu noi tir 71 dén 120 dot
chiém 16% dén 32%; s6 dot mua dién hdn hop tir 48 dén 105 dot chiém 13% dén 26%, riéng
tinh Lam Pong 1 197 dot chiém 30%.

Thoi gian kéo dai cac dot mua: Thoi ky mua kho tai cac tinh Tay Nguyén c6 khoang 365
dén 403 dot mua, riéng tinh Lam Dong c6 khoang 649 dot mua. Phan 16n cac dot mua nay
kéo dai phd bién tir 01 dén 02 ngay véi tan suat tir 18 dén 70%, sb dot mua kéo dai 03 ngay
chi c6 tan suat tir 8 dén 13%, cac dot mua kéo dai trén 05 ngay it khi xay ra. Tuy nhién trong
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30 nam thdng k&, tai tinh Dak Nong (ndm 1999) va tinh Lam Ddng (nim 2014) déu c6 01
dot mua kéo dai khoang 19 ngay.

S6 dot muwa theo nim: Trung binh mdi nam c6 khoang 12 dén 13 dot mua, riéng tinh
Lam Pong c6 khoang 22 dot mua. Nam nhiéu nhat c6 khoang 20 dén 23 dot mua (LAm Dong
khoang 27 dén 29 dot mwa), ndm it nhat c6 khoang 6 dén 8 dot mua (Lam Ddng khoang 13
dén 14 dot mua).

S6 dot mua theo thang: Néu xét cac dot mua theo thang ciing tuong tu luong mua va sb
ngdy mua, s6 dot mua tip trung vao thang 4 va thang 11 hang nam. Thang 01 1a thang c6 sb
dot mua it nhat khoang 08 dén 20 dot chiém khoang 2% dén 5%, tinh Lam Ddng nhiéu hon
khoang 54 dot chiém khoang 8%. Thang 4 1a thang c6 s6 dot mua nhiéu nhét khoang 127
dén 168 dot chiém khoang 32% dén 44%, riéng tinh Lam Dong thang 11 nhiéu hon cac thang
khac chiém khoang 26%.

3.3. Danh gia nguon nwoc mua can trén cdc song chinh ¢ Tay Nguyén

Dong chdy mua can trén cac song chinh & Tay Nguyén nhin chung c6 thoi gian dai hon
mua 1 thudng duoc bat dau tir thang 12 dén thang 6 nam sau [20]. Trén cac luu vyc song &
Tay Nguyén, phé bién mua 1 dén mudn va két thuc ciing mudn hon mua mua khoang tir 2
dén 3 thang, do thoi gian ddu mua mua, luong mua chu yéu tham gia vao qua trinh thAm nén
chua tao thanh dong chay dé bd sung vao nguon nuée cua séng, sudi. Cac thang dau mua
mua, lugng dong chay mat va dong chdy ngdm nho, chua du gy ra nhimg tran 1t 16n [21,
22] Sy phan phi dong chay gitta mua 1ii va mua can hang nam rat mat can di trén cac song,
suoi tai khu vuc nay.

O luu vuc song Sé San, luu lugng dong chay phan b rd rét gitra mua 1i va mua can. Cu
thé trén song P6 K6 mua 1ii chiém 77,1% trong khi d6 mua can chi chiém 22,9% so véi luu
lwong trung binh ca nam. Twong tu trén song Dak Bla tai tram Kon Plong va Kon Tum luu
lwong mua 1ii va mua can ciing chiém ti 1¢ 1an luot 1 68,2% va 31,8%; 76,1% va 23,9% so
v6i luu luong trung binh cd nam. Mirc d6 gidm dong chdy nam so véi thoi ky cé su khac
nhau giita cac tram va giita cac thoi ky. Dong chay trén cac tram bién ddi it trong thoi ky tir
1980-2019. Sau ndm 2015 dong chay bién d6i manh va hut chuén 13 rét [23, 24] (Hinh 4a).

O luu vyuce song Ba, miia mua bat dau tir thang 5 nhung t6i thang 7, thang 8 mua 1 moi
bat dau, c6 thé nhan dinh tong quat nhu sau: Mua 1ii trén cac song Ayun bat du tir thang 7
két thiic vao thang 11; Mua lii trén séng Ba va Krong Ning, song Hinh bat dau tir thang 9 két
thiic vao thang 11, ¢6 nhitng niam két thiic vao nira dau thang 12. Tong luong dong chay mua
lii trén cac song sudi chiém t6i 68,0 dén 78,6% tong luong dong chay nam. Luwong dong trén
cac song sudi ¢ luu vuc séng Ba chi yéu san sinh ra trong cac thang mua 1. Trén cac sdng
Ba va Krong Ning, song Hinh bt dau tir thang 9 két thiic vao thang 11, ¢6 nhiing nam két
thic vao nira dau thang 12, séng Ayun tir thang 7 dén thang 11. Nhu vy thoi gian mua 1d
kéo dai 4 dén 5 thang, téng luong dong chay chiém 63,8% dén 76,5% tong lwong dong chay
ca nam.

O luu vuc song SRéPOK, tong luong dong chay mua 1t trén cac song sudi chiém tir 60-

75% tong lugng dong chay nam. Su bién dong ctia ngudn nudc giira cac thang trong nim va
qua cac nam ciing twong ddi 16n. Qua phan tich duong tich lily sai chudn cua cac tram Ban
Po6n, Cau 42, Giang Son, Cau 14, Ptrc Xuyén cho thdy nhitng nam nudéc 16n ¢é lugng dong
chay 16n gip 2 d&n 5 1an nim co lugng dong chay nho nhat, nam c6 lwong dong chay 16n
nhat c6 thé 16n gap 1,5 dén 2,0 tri s6 binh quan nhiéu nam, trong khi d6 sy bién dong cua
mua khong nhidu. Lugng nudc trong miia can rat nho, chi chiém 30 dén 40% lugng nudc cua
ca nam.

O luu vuc song Dong Nai, miia mua bat dau tir thang 5 nhung t6i thang 7, thang 8 mua
1& méi bét dau, c6 thé nhan dinh téng quat nhu sau: Mua lii trén cac song Cam Ly bét dau tir
thang 7 két thiic vao thang 11; Mua lii trén cac song La Nga va Dik Nong bat dau tir thang 7
két thac vao thang 10. Toéng luong dong chay mua lii trén cac song sudi chiém t6i 58-75,4%
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téng lwong dong chay nim. Luong dong trén cac séng sudi & luu vuc séng Pong Nai chi yéu
san sinh ra trong cac thang mua 1ii. Trén cac song Dak Nong, La Nga mua i kéo dai tir thang
7 dén thang 10, song Cam Ly tir thing 7 dén thang 11. Nhu vay thoi gian mua i kéo dai 4
dén 5 thang, tong luong dong chay chiém 58% dén 75,4% tong luong dong chay ca nam.
Qua phan tich duong lity tich sai chuan ctia 3 tram Thanh Binh, Dai Nga, Dak Nong c6 thé
danh gia dong chay ndm trén toan luu vyc c6 xu hudng giam trong cac thoi ky dau va xen ké
nim nudce nhiéu nudce it & cac thoi ky sau. Mirc d6 giam dong chay ndm so voi thoi ky c6 su
khac nhau gilra cac tram va gitra cac thoi ky. Dong chay trén cac tram bién ddi it trong thoi
ky tir 1980-2010, sau nim 2010 dong chay bién ddi manh va 1éch chuan rd rét.

Hién nay, khi cac nha may thuy dién trén khu vic Tay Nguyén di vao hoat dong dé co
nhitng tic dong rd rét dén dong chay trong cac séng, sudi. Bén canh mit tich cuc, gitip diéu
hoa dong chay, giam dinh 17, tang lvgng nuwdc mua can thi cling c6 nhiing mat ti€u cyc nhu:
dong chay bi chia cat 1am nhleu doan lam ché d¢ thuy van trong song thay 601 1o rét, gay ra
hién twong Iii nhan tao, mot sé hd chira thiy dién chua dam bao dong chay t6i thiéu sau ha
luu, tao ra nhitng doan song bi kho han trong mua can. Trong nhitng ndm gan day, dong chay
tai cac tram thuy van hut chudn dang ké [23, 24] (Hinh 4a, 4b, 4d). Trén séng SR&POK, trudce
khi cac thay dién duoc xdy dung (1977-2002) dong chdy tai tram Ban Pon, nam phia dudi
ha luu, ludn ludn cao hon dong chay thuong luu 13 tram thity van Cau 14. Trong giai doan tir
nam 2014 dén 2022, ché do dong chay di bi dao nguoc va dong chay trung binh nam tai tram
Céu 14, tram thuong ngudn lai cao hon dong chay tai tram Ban Doén (Hinh 4c).
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Hinh 4. (a) Puong lily tich sai chuan tram Kon Tum (song Sé San); (b) Puong lily tich sai chuan
tram An Khé (sdng Ba); () Puong qua trinh luu lwgng trung binh niam tram Ban Pén va tram Cau
14 (s6ng SRéPoK); (d) Pudng qué trinh luu lwong cac thang mua can tram Dai Nga (song Pong Nai).

3.4. Panh gid tac dong ciia cdc dot mwa trdi, mia dén nguon nude trén cdc séng chinh ¢ Tdy
Nguyén

O luu vyuc séng Sé San, khi tong lwong mua trai mua (trung binh) dong tir 0,1-2,5 mm
thi nguén nudce ¢6 bién dong tang tir 10-29,5%. Tuong tu, dao dong tur 2,8-3,2 mm, 4,2-5,4
mm, 5,5-6,7 mm, 7,6-8,6 mm thi ngudn nudc ¢ bién dong tang lan luogt tir 44,8-70,9%, 21-
8,9%, 21,3-49,1% va 35,9- 152,3%. Riéng dbi véi song Sé San, cac thuy dién phia thuong
lwru cac tram thiy van cht yéu méi di vao van hanh tir nim 2021 dén nay, nén chudi sb liéu
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dé danh gia twong quan mua trdi mua -
dong chay [25] sau khi c6 thuy dién qua
ngan, nén bai bao khéng phén chia lam hai
thoi ky dé so sanh, danh gia (Hinh 5).

O luu vuc song Ba, v6i lugng mua trai
mua phd bién tir 30-70 mm, dong chay tai
cac tram déu co su bién d6i dang ké, luong
dong chay gap d6i, gap ba so voi dong chay
nén trude khi c6 mua, dic biét dbi véi cac
tram it chiu anh hudéng cia van hanh hd
chura thuy dién, thuy logi. Ca biét c6 nhiing
tran mua 16n, nhu tai luu vuc Ayun lugng
mua tai tram DPak Poa vugt 150 mm thi
luong dong chay cao gip 8 14n so v6i dong
chay nén. Tuy nhién, ciing cé nhimng trin

Twong quan mua trai mua - dong chay tram thay van
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Hinh 5. Tuong quan mua trai mua - dong chay trén
luu vuc séng Sé San.

mua chi dién ra trong mot ngay nhung lwong phd bién tir 30-40 mm, thi lugng dong chay
phia ha ngudn cac cong trinh thuy dién dao dong khong dang ké. Trén luu vuc song Ba, tai
tram thily vin PMoRé khong chiu anh hudng ciia van hanh hd chira thity dién thi ¢ twong
quan kha chat ché vai R dat 70% (Hinh 6a); tai tram thiy van An Khé thi twong quan nay
dugc danh gia thap. Nhu vay, d6i véi cac tram thay van it chiu anh huong ciia hd chira thiy
dién va thuy loi thi dong chay c6 mdi quan hé chit ché v6i mua trai mua (Hinh 6b).
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Hinh 6. (a) Tuong quan mua trai mua - dong chay trén luu vyc song Ba khi khong c6 anh hudng cta
thay dién (tram PMoRé); (b) Tuwong quan mua trai mua - dong chay trén luu vuc song Ba khi ¢ anh

huong cua thiy dién (tram An Khé).
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Hinh 7. (a) Tuong quan mua trai mua - dong chay trén luu vuc séng SREPSK trude khi ¢ anh huong
ctia thity dién (tram Cau 14); (b) Tuong quan mua trai mua - dong chay trén luu vuc song SREPSk

sau khi cé anh hudng cua thuy dién (tram Cau 14).
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O luu vyc song SREPOk, véi lugng mua phd bién tir 30-40 mm, nhung lwong mura tap
trung vao 1 hodc 2 ngay, dong chay tai cac tram déu co sy bién d6i dang ké, luong dong chay
gip doi, gip ba so v6i dong chay nén trude khi c6 mwa. Ca biét c6 nhimng dot mua, tong
lwong tir 70-100 mm, nhung kéo dai trong nhiéu ngay, thi luong dong chay lai khong co su
thay d6i dang ké. Panh gia hé sb twong quan giita mua trai mua va dong chay tai tram thuy
van Cau 14 cho két qua cho thy: Trudc khi c6 thuy dién R = 71% va sau khi c6 thiy dién R
= 31% (Hinh 7). Nhu vay, dbi véi cac tram thily van trude khi chiu anh huéng cua hd chira
thuy dién va thuy loi thi dong chay c6 méi quan hé chit ché véi mua trai mua.

O luu vuc song Pong Nai, v6i luong mua phd blen tir 30-70 mm, dong chay tai cac tram
déu co su bién ddi dang ke, luong dong chay co thé gip doi hodc hon so véi dong chay nén
trude khi 6 mua, xay ra rd nhat & cac tram it chiu anh hudng ctia van hanh ho chira thuy
dién, thuy loi. Ca biét c6 nhirng tran mua 16n nhu tong lrong mua hai ngay 04 va 05 thang
04 nam 1996 tai tram Thanh Binh dat 133 mm thi luong dong chay c6 su gia tang dang ké,
luong dong chay cao gin gip 3 1an so v6i dong chay ngay 07/4/1996 khi c6 mua nho, tai
tram Dai Nga dat 104,7 mm thi luong dong chay cao gan gp 5 1an so voi dong chay ngay
07/4/1996. Tuy nhién, ciing c6 nhimng trin mua chi dién ra trong mot ngay nhung luong phd
bién tir 30-40 mm, thi luong dong chay phia ha ngudn cac cong trinh thuy dién dao dong
khong dang ké. Sau khi thily dién van hanh, dong chay mua can tai tram thily van Dai Nga
rat thap (nho hon 1,5 m%/s), do vy tuong quan nay dugc danh gia 1a thap (Hinh 8a, 8b).

Twong quan mura trai moa - dong chay tram thuy vin Dai Nga Twong quan mura trai mia - dong chay tram thuy vin Dai Nga
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Hinh 8. (a) Tuong quan mua trai mua - dong chay trén luu vuc séng Pdng Nai trude khi ¢6 anh
hudng cua thuy dién (tram Pai Nga); (b) Tuong quan mua trai mua - dong chay trén luu vuc sdng
Pdng Nai sau khi c6 anh hudng cua thuy dién (tram Dai Nga).

4. Két luan

Mua trai mua 1a nhung trdn mua mang tinh chit bat thuong Ve ca thoi gian 1an cuong
d6; voi 2 tiéu chi lwong mua & cap vira trd 1én va xay ra trén 50% so tram trong thoi ky mua
kho (thoti gian tinh toan tir nam 1993-2022) thi dua ra ket ludn vé mua trai mua & khu vuc
Tay Nguyén nhu sau: C6 khoang 350 dén 400 dot mua, mdi dot kéo dai khoang 01-02 ngay;
Hang nam c6 khoang 12-13 dot mua, tap trung vao thang 4 va thang 11 hang nam. Thang 01
1a thang c6 s6 dot mua it nhat.

Su phan phéi dong chay giita mua lii va mua can hang nam trén khu vyc Tay Nguyén rat
mét can d6i. Luu luong dong chay phan b6 rd rét gitra mua 1t va mua can, tong luong dong
chay mua Iii trén cac song sudi chlem tir 65-78% téng lwong dong chay nam, tong luong dong
chay mua can chiém tir 12-35% tong luong dong chdy nam. Thoi gian dau mua mua, lugng
mua cht yéu tham gia vao qua trinh tham va dién triing nén chua tao thanh dong chay mat
dé bd sung vao nguén nudc séng sudi. Cac thang dau mua mua, lugng dong chay mit va
dong chay ngdm nho chua du giy ra nhing tran i 16n.

Mua trai mua trén khu vuc Tay Nguyén c6 nhiing anh hudng déang ké dén ngudn nudce
trén cac hé théng song, sudi. Trong pham vi nghién ctru, tac gia chia lam hai thoi ky dé danh
gia dong chay trén cac song sudi gom trude va sau khi co hoat dong ciia cac nha may thiy
dién. Trudc khi cac nha may thuy dién di vao hoat dong, van hanh thi dong chay thuong cé
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su bién dbi rd rét khi c6 mua trai mua. Cac nha may thay dién di vao hoat dong déu da co
nhitng tac dong s& anh hudng rat 16n dén lugng dong chay qua cac tram thuy van. Boi luong
dong chdy da bi cac cong trinh thuy dién gitr lai, nén khi trén luu vuc c6 nhimg trén mua
trong mot ngdy véi luong mua phd bién tir 30-40 mm, thi lugng dong chay phia ha ngudn
cac cong trinh thuy dién dao dong khong dang ké, diéu nay ching t6 ring luong nude di
duogc cac cong trinh giit lai gin hét.

bong gop cua tac gia: Xay dung y tuong nghién ciru: LV.H., VAT, N.T.T.; Xuly s lidu:
V.T.N.M., L.P.T.; Viét ban thao bai bao: T.X.H., L.T.T.Q.; Chinh stra bai bao: L.T.T.Q.

Ldi cam on: Bai bdo hoan thanh nho vao két qua cua nhiém vu: “Nghién ctru du bdo céc dot
mua trai mua tich hgp mo hinh thuy van du bao nguén nudc khu vuc Tay Nguyén thoi han 3
thang”.

Loi cam doan: Tap thé tic gia cam doan bai bao niy 1a cong trinh nghién ctru cia 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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Impact of unseasonal rain on water resources on major rivers in
the Central Highlands
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Abstract: The article presents the results of assessing the impact of unseasonal rain on water
on major rivers in the Central Highlands. Using unseasonal rain data from 1993 - 2022 of
18 Meteorological Station and 22 rain gauges and discharge data at 12 hydrological stations
in the Central Highlands, through statistical calculation methods, trend calculation methods,
linear methods, and formula methods. The results show that: The dry season in the Central
Highlands lasts from November to April of the following year, the average total rainfall in
the dry season months is commonly from 160 to 500 mm and the average monthly rainfall
is about 40 to 90mm/month. Unseasonal rains have had positive impacts on surface flows
in the dry season, improving the water situation for people's daily life and irrigation,
especially in areas far from irrigation works; reducing the temperature and the risk of forest
fires in the basins. In addition, unseasonal rains also have negative impacts on water
resources in river basins. For basins with small areas, large slopes, urban areas, densely
populated areas, and areas prone to landslides, unseasonal rains can cause floods,
inundation, and landslides... affecting people’s lives.

Keywords: Unseasonal rains; Water source; Central Highlands.
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Tém tat: Tai nan hang hai la sy ¢b trén bién xay ra thuong xuyén ¢ Viét Nam - mot quéc
gia c6 vang bién rong va dudng bo bién dai, nhét 1a trong diéu kién chiu anh huong cua bién
ddi khi hau. Bé hd tro xay dung cac phuong an tim kiém, ciru nan (search and rescue - SAR)
trén bién, viéc xac dinh thoi gian tiép can cac khu vuc xay ra su ¢o la rat quan trong. Trong
nghién ciu, 07 16p dir ligu bao gom: (1) dit ligu tau tim kiém, cau nan; (2) toc d6 gi6 diéu
chinh (3) huéng gio; (4) gia toc trong truong, (5) d6 sau day bién, (6) dix liéu anh dat lién-
mat nudc va (7) vi tri cac tram tim kiém, ciru nan duogc str dung dé xac dinh thoi gian tiép
Can vi tri xay ra sy ¢ trén bién. Bé danh gia anh huong cua gio toi thoi gian tiép can vi tri
xay ra su ¢b & khu vuc vinh Bac B9, trong nghién cau nay da thir nghiém véi cac hudng gio
(0°, 45°, 135°, 180°) va toc do gi6 khac nhau (5 m/s, 10 m/s, 15 m/s, 25 ms). Két qua nhan
dugc cho thay, hudng gi6 va tée d6 gié co anh huong quan trong dén két qua xac dinh thoi
gian phan hdi trong tim kiém, ciu nan trén bién. Két qua ctia nghién cau nay ciing cung Cap
co so khoa hoc va thong tin hitu ich giup cac nha quan ly xay dung phuong an tim kiém,
ctru nan phu hop véi diéu kién khi hau trén bién.

Tir khoa: SAR; Thoi gian phan hoi; Huéng gio; Toc do gié; Vinh Bac Bo.

1. Mé& dau

Nhitng nim qua, thién tai trén thé gi6i cling nhu ¢ Viét Nam dién ra ngdy cang phtc tap,
bat thudng, dic biét trong bdi canh cua bién d6i khi hau (BDKH). Theo B4o cao danh gia khi
hau qudc gia ndm 2021 ctia B Tai nguyén Mbi truong cho thiy, Viét Nam 13 mot trong nhimg
nude bi anh huong nghiém trong nhét ciia BDKH, trong d6 ¢ cac thién tai nhu bao, Iii, han han,
nudc bién dang...[1]. Nudc ta c6 duong bo bién dai va dién tich vung bién rong véi nhiéu
tuyen van tai bién do d6 céc tai nan, su 6 trén bién Xay ra voi tan xuit cao gay thiét hai lon
V€ ngudi va tai san. Do dac diém riéng cta khu vyc bién, viéc tiép can cac khu vuc xay ra sy
COqgap rat nhiéu khé khan, anh huong tryc tiép dén hiéu qua cong tac tim kiém, ctu nan trén
bién.

Cong téc chuén bi, g pho vai cac tinh hudng tim kiém, ctu nan trén bién can thiét phai
khan truong vé thoi gian ciing nhu sy hiéu qua trong cong tac t6 chic trién khai. Dé nang
cao hiéu qua cong tac tim kiém, ciu nan trén bién, nhiéu nghién ciu trén thé gigi da phat
trién cac mo hinh phat hién vi tri xay ra su ¢ va udc lugng thoi gian téi wu dé tiép can dua
trén cac dir liéu vé phuong tién di chuyén, hudng va toc do dong chay, toe do gio va do cao
song bién,...[2—6]. Nghién cau [7] da xac dinh thoi gian phan hdi sir dung céng nghé GIS
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trong cong tac tim kiém, ciru nan véi cac su ¢6 do hoat dong trén bién & vinh Phan Lan véi
cac thong tin dau vao gdm dit liéu su o, cac thong sb k¥ thuat cia tau tim kiém, cau nan
(SAR - Search and Rescue), chiéu cao song bién, toc do va hudng gio bién. Nghién ctru [8]
phat trién mot mé hinh tinh toan quéang duong di chuyen va chi phi dya trén nen tang GIS dé
phuc vu citu nan trén bién st dung cac dir liéu dau vao gdm hudng gio, husng song (swell
direction) va chiéu cao séng bién ciing nhu cac théng tin tau phuc vu cu nan. Tai 03 khu
vuc thir nghiém thudc vung bién Hoa Ky, Burns di xay dung duoc cac ban db thé hién thoi
gian phan héi khi c6 su ¢b xay ra trén bién. Nghién ctu cta [9] da dé xuat mot md hinh két
hop nham ti wu héa mo phong phan bd may bay truc thang phuc vu tim kiém, ciu nan trén
bién. Pau tién, trong nghién ctru di xay dung mo hinh 1ap trinh tuyén tinh s nguyén (ILP -
Integer Linear Programming) dé cung cap ké hoach trién khai hiéu qua va st dung lam dir
lidu dau vao cho mo hinh dé mo phong bao goém cac rang budc ma mo6 hinh ILP khong thé
giai quyét. Tiép theo, bang cach sir dung thuat toan dua trén quy tac ket hop, trong nghién
ctru d3 tao ra cac giai phap thay thé va tim kiém cac ke hoach tét hon ton tai trong ving 1an
can cua giai phap mo hinh ILP. Str dung dit liu su ¢d lich st & khu vuc Bién Aegean va Cac
I6p thong tin nhu loai sy ¢b, nguon luc sin co, diéu kién moi trudng, kha ning cua tram
SAR..., trong nghién ctu da ching minh dugc phuong phéap két hop gitp sir dung tai nguyén
hiéu qua hon so v&i chi sir dung mé hinh t6i vu héa. Phuong phap xay dung md hinh duoc
st dung trong nghién cau [10] nham xac dinh duong di dén khu vuc xay ra su ¢b voi didu
kién giam thiéu thoi gian bang may bay trén co s cac I6p thdng tin vé phuong tién st dung
dé ctru nan gom mtc ti€u thu nhién liéu, tai trong va ndng luc san bay. Trong nghién ctu
[11]co dé xuat mot thuat toan xac dinh vi tri ti wu cho cac tram tim kiém, ctru nan trén bién,
bao go6m 4 budc: (1) lua chon cac dao trén bién co thé xay dung tram SAR; (2) udc tinh nhu
cau SAR tiém nang; (3) tinh thoi gian phan hdi tir cac tram du kién dén bat ky vi tri nao trén
bién va (4) lua chon vi tri dit tram SAR. Két qua nhan duoc trong nghién cuu cho thay,
phuong phép dé xuét cho phép giam thoi gian tiép can trung binh ddi 1,09 gid véi khu vuc
Bién Pong vé6i 6 tram SAR duoc thiét 1ap trén cac dao. Pham vi bao phu hoat dong SAR
ciing tang tr 62,63% I&n 80,02% dién tich Blen Dong v6i ngudng thoi gian tim kiém, ciu
nan la 6 gio. Mot nghién ciru dénh gia hiéu suat cua cac hoat dong tim kiém, cau nan sir dung
m6 hinh dya trén tac nhan (ABM - agent based modelling) huéng dén giai quyét cac van de
lién quan dén diéu kién thoi tiét dic thu & Bac Cuc. Phuong phap sir dung dit liéu lich st vé
su bat thuong ciia diéu kién thoi tiét trén bién dé mo hinh héa dong luc. Sau d6, quy trinh
danh gia dugc st dung dé dinh lugng tac dong cua cac yéu td thoi tiét phuc vu cho cac hoat
dong cua lyc lugng ciru hf cling nhu téng thoi gian ctru ho. Tai khu vuc thir nghiém ¢ Bién
Barents (Na Uy) cho thay, tong thoi gian giai ctru dai nhét 13 tir thang 12 dén thang 2 va thoi
gian giai ctru ngan nhat 13 tir thang 5 dén thang 8 [12].

C6 thé nhan thay, cho dén nay trén thé gioi da co nhiéu nghién cau st dung phuong phap
md hinh hoa dya trén nén tang GIS nham xac dinh khoang cach, thoi gian ti wu trong tiép
can tim kiém, ciru nan trén bién. Ngoai ra, cc nghién ctru & Viét nam da ing dung céng nghé
GIS phuc vu tim kiém, ctru nan trén bién [19-21], cic nghién ctru vé anh huéng ctua mua,
bao trén bién ¢ vinh Bic Bo [22, 23]. Cac nghién ctru déu cho thiy vai tro quan trong caa
diéu kién khi twong, hai vin anh huong dén thoi gian tiép can khu vuc xay ra su co trén bién.
Trong cac md hinh ho trg hoat dong tim kiém, ctru nan trén bién, thong tin vé gio (tdc dd gio,
huéng gio) co vai tro chu yéu [24, 25]. Huong gi6 anh huong dén sy di Chuyen cua cac tau
tim kiém, ctru nan, trong dé co thé tao ra luc day hoic lyc can di voi tau thuyen [7]. Trong
khi d6, téc do gié anh huong dén chiéu cao song va bién dong bé mit bién, ciing nhu viéc
duy tri dinh vi va diéu khién tau thuyén trén bién. Ngoai ra, gié manh cling tao ra luc déy
16n, c6 thé 1am tang tdc do di chuyén cua tau hodc nguoc lai, tiy thudc vao hudng gié tuong
déi v6i huéng di chuyen [13].

Bai bao nay trinh bay két qua danh gia anh huong cua gié (hudng gio, téc do gid) dén
thoi gian tiép can khu vuc xay ra su ¢ trén bién cua cac tau tim kiém, cttu nan. Phuong phap
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md hinh héa dugc st dung dé xac dinh thai gian phan hdi tir cac tram tim kiém, cau nan toi
C4C Vi tri xay ra su 6 trén co so dit liéu dau vao gém cac l6p théng tin vé dia hinh [26-28],
khi tuong, hai van, tau SAR, cac tram SAR. Sau do, trong nghién ctu tht nghiém vai cac
kich ban huéng gié va tdc d6 gié khac nhau dé danh gia anh huong cua gio dén thoi gian tiép
Can cac vi tri xay ra su ¢b trén khu vuc bién vinh Bic Bo.

2. Dir liéu va phwong phap nghién ciru

2.1. Pdc diém khu vuc nghién cizu

Vinh Bic B nam ¢ phia Tay Béic cua Bién Pong c6 dién tich khoang 126.250 km? la
mét trong nhitng vinh nudc man 1on trén thé gidi véi chiéu ngang rong nhat khoang 310 km
va hep nhat khoang 207 km. Bo Vinh Bic Bo kéo dai thudc hai qudc gia trong d6 ¢6 10 tinh,
thanh phd cta Viét Nam voi tong chiéu dai khoang 763 km va hai tinh ctia Trung Qudc voi
téng chiéu dai khoang 695 km.

Vinh Bic B6 ¢6 ctra chinh dugc xac dinh 1a dudng thang tir dao Con Co, tinh Quang Tri,
Viét Nam va mili Oanh Ca, Hai Nam, Trung Qudc, rong khoang 200 km. Dai bo Tay Vinh
Bic B0 ¢6 cac viing vinh, chau th, cira song hinh phéu, dam pha va cac dao tap trung & vang
ven bo véi trén 2.378 hon ddo [14] Bén canh d6, ving bo bién Mong Céi - P6 Son ¢6 chiéu
dai khoang 180 km; luc dja ven bién khu vuc nay c6 dang vung nai thap bi chia cit manh va
phan chia thanh cac dai vong cung thap dan vé huéng bién. Ngoai ra, vung bo D6 Son - Lach
Truong v6i d6 dai khoang 150 km c6 dia hinh thap, bang phang va trung binh 20 km ¢6 mot
ctra song 16n. Pay bién khu vuc nay thoai va ndng, voi ban kinh 15-20 km c6 d6 sau nhé hon
10 m [14, 15].

Bao 1a hién tugng thién tai phé bién tai Vinh Bic Bo. Theo s liéu théng ke, giai doan
1961-2018 c6 418 con bao va ap thap nhiét d6i d6 bo vao vang bién Viét Nam, trong dé khu
vuc Bic Trung Bo thudc vinh Bac Bo chiu anh huéng nhiéu nhét [1]. Bién ddi khi hau da
khién cac con b3o thay ddi vé cuong do va tan suat xuat hién. Tir 2016 da xuat hién nhiing
con siéu bao Vai sic gio tir cap 16 tro 1én [1]. Pac diém nay dan dén tinh trang tai nan, su ¢6
trén bién khu vuc vinh Bic Bo dién ra thuong xuyén, phuc tap [16], doi hoi cong tac tim
kiém, cttu nan phai tién hanh khan truong, kip thoi.

2.2. Dir liéu sur dung

Trong nghién ctu nay, 07 16p dix liéu bao gom: (1) Dix liéu tau tim kiém, cizu nan; (2)
téc do gio diéu chinh (3) huéng gio; (4) gia toc trong truong, (5) do sau day bién, (6) dit liéu
anh dat lién-mat nude va (7) vi tri cac tram tim kiém, cau nan dugc su dung dé xac dinh thoi
gian phan hoi (thoi gian tiép can khu vuc xay ra sy ¢6 trén bién tir cac tram SAR). 05 tram
SAR trén khu vuc vinh Bic B dugc stir dung dé xac dinh thoi gian tiép can dén cac vi tri xay
ra su ¢b (07 vi tri gia dinh). Cac tram SAR bao gom: Bach Long V¥ (Hai Phong), Con C6
(Quang Binh), Ctra Sot (Ha Tinh), Hai Phong (Hai Phong), Sim Son (Thanh Hoa), trong d6
c6 02 tram dit tai cac dao trén bién khu vuc vinh Béc Bo va 03 tram & khu vuc ven bién. Tau
SAR dugc sir dung trong nghién ctru nay la tau KN-579 cua Cuc Kiém ngu (Bd Nong nghiép
va Phat trién néng thon) co van toc tdi da 25 hai ly/gio. Cac 16p dit liéu nay dwoc thu thap tai
Cuc Cuu ho ctru nan (Bo Quéc phong). Phuong phap xay dung cac lop dix liéu dau va va xac
dinh thoi gian phan hoi tir cac tram SAR dén cac vi tri xay ra sy ¢ trén bién duoc trinh bay
trong nghién ctru [18].

2.3. Phuwong phap nghién cuu

Hinh 1 trinh bay so db quy trinh xac dinh thoi gian phan hdi tir cac tram SAR dén cac vi
tri xay ra sy ¢ trén bién (hay thoi gian di chuyén tir cac tram SAR dén khu vyc xay ra sy ¢6)
bang phuong phap mo hinh héa dya trén 07 16p dir ligu dau vao. Trong so d6 quy trinh nay,
dir liéu anh dat lién - mat nuwéc va hudng gié duoc sir dung dé xac dinh anh ldy gié (wind
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fetch) theo phwong phap SPM [17]. Trong khi d6, dit liéu vé& d6 sau day bién, gia toc trong
truong va tée do gio diéu chinh duoc st dung dé tinh chiéu cao séng hiéu chinh theo phuong
phap dugc tham khao tir S6 tay K thuat b bién [17]. Két hop véi dir liéu tau SAR va vj tri
cac tram SAR, trong nghién ctru xac dinh duogc thoi gian tau tim kiém, ctu nan di hét 01 don
vi khong gian (01 pixel, kich thudc 100 m x 100 m) va tinh dugc thoi gian phan hoi tir cac
tram SAR t6i cac vi tri xay ra su 6 trén bién. Sau d6, dé danh gia anh hudng cua gio t6i thoi
gian tiép can cac vi tri xay ra sy ¢d trén bién, cac hudng gi6 va toe do gio khac nhau sé dugc
thir nghiém dé x4c dinh thoi gian phan hi tir cac tram SAR.

Phén tich dic diém khu vue nghién ciru,
hién trang ngudn di liéu

[ Dit liéu khi twong, hai van ] [ Dit liéu tau tim kiém, ctru nan } [ Vi tri cac tram tim kiém, c{ru nan

|
Técdo ) |
gi6 dicu [
chinh

{ Dit ligu »-é dia hinh ]
Dit liéu anh Huén
dét lién-mat L g &

gio
nude
Anh ldy gi6
(wind fetch)
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Thoi gian tau SAR di hét

4’[ Chicu cao song hi¢u chinh ]‘—
mot don vi khong gian

Thoi gian phan héi khi ¢6 su ¢b
(khoang cach hiéu dung)

Hinh 1. Quy trinh xt 1y dit liéu phuc vu tinh toan khoang cach hiéu dung trong tim kiém, ctru nan trén bién.
3. Keét qua nghién ctru va thio luin

3.1. Xay dung cong cu xdc dinh thoi gian phan héi

Trong nghién cuu da xay dung cong cu dé tinh toan anh lay gio (wind fetch), chiéu cao
so6ng bién, va thoi gian phan hdi tir cac tram SAR tdi cac vi tri xay ra su ¢ trén bién. Ngon

ngt 1ap trinh dwoc lua chon sir dung la
Python. Pay la mot ngdn ngir hién dai,
duoc su dung rong rai trong cac tng dung
web, phat trién phan mém, khoa hoc di
liéu. Python ¢ vu diém don gian va hiéu
qua trong xur ly dir ligu khéng gian. Ngoai
ra, cac ngbn ngit lap trinh phd bién khac
nhu Java, C, C++ co thé cling duogc lya
chon sir dung.

Giao dién module tinh toan lay gi6
duogc thé hién trén Hinh 2, trong d6 bo dit
liéu dau vao bao gdm: Land raster (I6p dit
liéu dét lién - mat nudc), Wind direction
(Hudng gio) va Phuong phap tinh toan.
Phuong phap tinh toan nay duoc cai dat
bao gom thuat toan don (Single), SPM han
ché (SPM-Restricted) va SPM. Khong gian
tinh toan (Output Workspace) duoc lua

Uy

& Land Raster

\ =
& Wind Direction/Weighting Percent List

\ | e

Calculation Method

SPM v]
& Output Workspace

\ =)

[ Calculate Weighted Fetch

oK Cancel Environments. .. Show Help >

Hinh 2. Giao dién module tinh toan iy gio.
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chon 1a thu myc khong chira cac bg dit li€u cd & wevevea o X
san, thuong lya chon la thu muc rong vi thu e |
muc néy s€ dugc lam sach trudce khi tinh toan o‘wm Direction and Speed List i, Spd, Date] =
lﬁ’y gi(’) . Wind Measurement Height Above Ground (Meters)
X N A . . \ o]

Hinh 3 mo6 ta giao di¢n module tinh t0aAn | o et vesmreren
chicu cao song hi¢u chinh, trong d6 dit ligu | sressmmrie e @)
déu Vé.O b\ao gém énh Iéy glré (duoc XéC dlnh ‘D:;:t: of Water ka/m3] (Input constant value or raster surface) ‘
O budc trén), hudng gio va toc do gio (dir liéu p |
dugc mo ta dang file .txt). S -

Dé tinh toan thoi gian tiép can cac vitri | =
can tim kiém, cttu nan trén bién, trong NQNIEN | e e rmecou
ctu st dung cong cu Cost Distance trong b0 | mseve e coanowes
phan mém ArcMap. Cong cu Cost Distance | D e osee it wowmgosms
can xac dinh hai tham s0 dau vao bao gom: vj | oo

;o N e . e A [ Calculate Sediment Suspension Probabil

tri cac tram SAR va thoi gian di het MOt ON | o e s sy
Vi khéng gian (kiCh thU'(’)'C 100)(100 m). ‘DCa\cu\ale Percentage of Days Sediment is Suspended -
3.2. Panh gid anh huong cua hwéng gio dén e mem— ="

thoi gian phdn hoi Hinh 3. Giao dién module tinh toan chiéu cao song.

Dé danh gia anh huéng cia hudng gié dén thoi gian tiép can cac vi tri xay ra su ¢, trong
nghién ciru lya chon thir nghiém véi tau KN-579 cua Cuc Kiém ngu (B6 Nong nghiép va
Phat trién ndng thon) co toc dd cao nhat dat 25 hai Iy/gio. Toc do gid duogc lay ¢ dinh 1a 10
m/s v6i cac hudng gioé khac nhau, bao gom: 0°, 45°, 180°. Pay la cac hudng gio bién co tan
suat pho bién & khu vuc vinh Bac Bo (Bang 1, nguon Cuc ciu nan, ciu hd, Bd Quéc phong).

Bang 1. Tan suat hudng gié thu thap tai Vinh Bic Bo.

Huwdng gié Goc Tén suit Tilé %
Pong Bic 45° 20 17,39%
Bic 0° 18 15,65%
Nam 180° 16 13,91%
Tay Biéc 315° 16 13,91%
DPong Nam 135° 14 12,17%
Tay Nam 225° 12 10,43%
Dong 90° 10 8,70%
Tay 270° 9 7,83%

Hinh 4-8 trinh bay két qua xac dinh thoi gian tiép can 07 vi tri gia dinh xay ra sy ¢ trén
bién khu vuc vinh Bic B6 tir 05 tram tim kiém, ctiu nan (Bach Long V¥, Con Co, Cua Sét,
Hai Phong, Sam Son) véi cac hudng gié khac nhau: 0°, 45°, 135° va 180°. Bang 2 thé hién
thoi gian tiép can tir 05 tram tim kiém, cttu nan téi 07 vi tri xay ra su ¢ trén bién khu vuc
nghién ciru vai cac hudng gié khac nhau (tc do gio mac dinh 1a 10 m/s).
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Hinh 4. So sanh thoi gian phan hdi cua tau KN-579 xuat phat tir tram Bach Long V¥ véi cac huéng
gi6 0°, 45°, 135° va 180°, toc do gi6 10 mis.
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Hinh 5. So sanh thoi gian phan hdi ctia tiu KN-579 xuat phat tir tram Con Co véi cac hudng gi6 0°,
45°, 135° va 180°, toc do gio 10 m/s.
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Hinh 6. So sanh thoi gian phan hoi cta thu KN-579 xuat phat tir tram Cira S6t véi cac hudng gi6 0°,
45°, 135° va 180°, toc do gio 10 m/s.
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Hinh 7. So sanh thoi gian phan hdi ctia tau KN-579 xu4t phat tir tram Hai Phong véi cac huéng gio
0°, 45°, 135° va 180°, téc dd gié 10m/s.
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Hinh 8. So sanh thoi gian phan hdi cua tau KN-579 xuat phat tir tram Sdm Son véi cac hudng gid
0°, 45°, 135° va 180°, tdc do gi6 10 m/s.

Phan tich két qua dat duoc cho thiy, huéng gié co anh hudng dang ké toi thoi gian tiép
can khu vuc xay ra su ¢6 tir cac tram tim kiém, ctu nan. Vi du, tir tram Bach Long V¥, voi
huéng gio 0°, thoi gian tiép can cac vi tri xay ra sw cd (1, 2, 3, 4, 5, 6) la ngan nhat. Véi vi tri
7, thoi gian tlep can ngan nhat khi huéng gio la 180° (Bang 2). Nguoc lai, véi tram Con Co,
thoi gian tiép can khu vuc xay ra su ¢ voi huéng gi6 0° 1a cao nhét véi cac vitri 1, 2, 6, 7,
trong khi huéng gio 45° ¢o thoi gian tiép can ngan nhat t6i vi tri 1 con hudng gié 180° cho
phép tiép can vi tri 2, 3, 4, 5, 6 va 7 vai thoi gian ngan nhat khi sir dung tau KN-579.
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Bang 2. Thoi gian phan hoi tir cac tram tim kiém, ciu nan téi 07 vi tri gia dinh xay ra su ¢6 voi cac
hudéng gié khac nhau.

Thoi gian phan héi (khoang cach hig¢u dung)
Bach Long V§ Cén Cé Cira Sét Hai Phong Sam Son
0° 45° 135° 180° 0°  45° 135° 180° 0°  45° 135° 180° 0°  45° 135° 180° 0°  45° 135° 180°
2,56 2,71 2,68 2,84 10,95 10,55 10,12 10,56 8,50 9,22 9,02 9,05 3,64 3,69 4,00 4,16 6,64 6,71 7,37 7,50
4,34 4,38 4,17 4,38 10,83 9,74 9,61 9,61 10,44 10,91 10,12 10,23 6,36 6,48 6,60 6,92 8,88 9,11 9,21 9,40
2,01 2,20 2,19 2,25 833 857 795 803 485 538 535 507 1,47 1,52 1,68 1,66 2,60 2,71 2,89 2,87
2,82 3,00 2,92 3,03 6,02 6,03 548 559 3,79 4,07 386 3,71 3,79 4,06 4,15 4,18 3,38 3,66 3,73 3,60
3,91 3,97 3,63 393 587 513 506 508 4,69 663 6,13 6,09 6,07 627 612 6,39 6,75 7,09 6,93 6,88
580 6,15 5,78 598 3,76 3,71 3,32 3,28 2,31 244 2716 2,08 6,10 6,48 6,47 6,43 4,53 4,90 4,79 4,36
584 594 552 574 264 241 226 226 511 524 4,60 4,57 7,93 821 7,93 8,13 6,46 6,77 6,47 6,36

Vi tri
sw cbd

N o 00 b~ W NP

Bang 3. Thoi gian phan hdi tir cac tram tim kiém, ciru nan t6i 07 vi tri gia dinh xay ra sy ¢6 véi cac
toc do gio khac nhau.

Thoi gian phan hdi (khoing cach higu dung)

Vitri Bach Long vy ConCo CiraSot Hii Phong SamSon
sucd

5m/s 10m/s 15m/s 25m/s 5m/s  10m/s 15m/s 25m/s 5m/s 10m/s 15m/s 25m/s 5m/s 10m/s 15m/s 25m/s 5m/s 10 m/s 15m/s 25 m/s
247 271 289 320 993 1055 1119 1229 822 922 98 1120 363 369 38 400 663 671 698 741
405 438 469 517 961 974 1011 1069 984 1091 1165 1327 618 648 690 751 860 911 967 1056
19 220 232 261 758 857 909 1046 480 538 572 652 146 152 161 1,76 259 271 28 311
267 300 318 361 534 603 640 738 361 407 436 516 370 406 430 48 329 366 390 441
354 397 421 472 506 513 541 58 59 663 712 828 566 627 662 743 633 709 754 852
545 615 655 760 330 371 39 454 217 244 263 317 58 648 690 79 438 490 524 610
525 594 629 717 226 241 256 279 465 524 561 663 736 821 868 98 602 677 722 836

N o g W NP

3.3. Pdnh gid anh hueng cua toc dé gio dén thoi gian phan hoi

Tuong tu nhu danh gia anh huong cua hudng gio, dé danh gia anh huong cua tée do
gi6 dén thoi gian phan hdi trong tim kiém, cttu nan trén bién, trong nghién ciru ciing sir dung
tau KN-579, hudng gié 45° (cb dinh) véi téc d6 gié khac nhau, bao gom 5 m/s, 15 m/s va 25
m/s, trong d6 toc d6 gié 25 m/s twong Gng Vai sirc gié khi bio o cap 9, 10. Két qua xac dinh
thoi gian phan hoi khi str dung tau KN-579 caa Cuc Kiém ngu véi cac toe do gié khac nhau
dugc thé hién trén cac Hinh 9-13. Bang 3 thé hién thoi gian tiép can tir 05 tram tim kiém, ctu
nan toi 07 vi tri gia dinh xay ra sy ¢ trén bién khu vuc vinh Bac Bo véi cac tée do gio 5 m/s,
10 m/s, 15 m/s va 25 m/s (hudng gio 45°).
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Hinh 9. Thoi gian phan hdi ctia tu KN-579 tir tram Bach Long V¥, hudng gid 45°, toc do gi6 5 m/s, 10 m/s,
15 m/s va 25 m/s.
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Hinh 10. Thoi gian phan hoi ciia tau KN-579 tir tram Con Co, hudng gi6 45°, toc do gid 5 m/s, 10 mys, 15
m/s va 25 m/s.
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Hinh 11. Thoi gian phan hoi ciia thu KN-579 tir tram Cira Sot, hudng gi6 45°, toe do gioé 5 m/s, 10 m/s,
15 m/sva 25 mfs.
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Hinh 12. Thoi gian phan hdi cta tiu KN-579 tir tram Hai Phong, huéng gi6 45°, tbe do gio 5 m/s, 10 mys,
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Hinh 13. Thoi gian phan hdi cua tau KN-579 tir tram Sam Son, hudng gi6 45°, toe do gié 5 m/s, 10 m/s,
15 m/sva 25 mfs.

Phan tich két qua dat duoc trong Bang 3 cho thdy, toc d gio ¢6 anh huong 16n dén thoi
gian tiép can cac vj tri xay ra su c6 trén bién khu vuc vinh Bic Bo tir 05 tram tim kiém, ctu
nan va anh huong nay duoc thé hién rd rét hon rat nhiéu so voi huéng gioé. Trong do, téc do
gi6 cang 16n, thoi gian tiép can khu vuc gap nan cang dai (voi huéng gié mic dinh l1a 45°).
Vi dy, thoi gian tiép can vi tri xay ra sy ¢6 1 tir tram Bach Long V¥ bang tau KN-579 vai toc
d6 gi6 5 m/s 1a 2,47 gio. Véi tée d6 gio 1a 10 m/s, thoi gian tiép can vi tri su ¢b ting 1én thanh
2,71 gid va tiép tuc ting 1én khi toe d6 gio dat 15 m/s (2,89 gid). Vi truong hop tau KN-579
Xuat phat tir tram Con Co6 hoac Cira Sot t6i vi tri 1, chénh Iéch giira thoi gian tiép can khi toc
d6 gi6 1a 5 m/s va 15 m/s dat toi hon 1 gio. Anh huong caa tée d6 gio ciing duoc thé hién rd
nét khi phan tich thoi gian tiép can cua tau KN-579 tir 05 tram tim kiém t&i cac vi tri xay ra
su ¢b khac. Trong truong hop xay ra bdo ¢ cip 9, 10 (suc gio khoang 25 m/s), thoi gian tiép
can tir cac tram SAR dén cac vi tri xay ra su ¢6 la dai nhat, trung binh gap gan 1,5 lan so voi
thoi gian tiép can khi toc d6 gio 5 m/s.

4. Két luan

Huéng gio va tée do gio o anh hudng quan trong dén thoi gian tiép can caa cac tau tim
kiem, ctru nan tgi cac vi tri xay ra su co trén bién. Trong nghién ctu nay, b dir liéu dau vao
dai dién cho cac yéu to vé dia hinh, khi tugng, hai van, phuong tién SAR duoc sir dung dé
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xac dinh thoi gian phan hdi trong tim kiém, ctu nan trén bién. 05 tram tim kiém, ctiu nan,
trong d6 ¢6 02 tram tai cac dao trén bién (Bach Long V§, Con Co) va 03 tram & ven bo (Hai
Phong, Sam Son, Cira S6t) duoc thir nghiém dé tinh thoi gian tiép can cua tau KN-579 (Cuc
Kiém ngu, Bo Nong nghiép va Phat trién ndng thon) téi 07 vi tri gia dinh xady ra su co trén
khu vuc vinh Bic Bo. Bé danh gia anh huong cua gié toi thoi gian tiép can vi tri xay ra su
¢ & khu vuc vinh Béc B9, trong nghién ciru da tha nghiém véi cac huéng gio (0°, 45°, 135°
va 180°) va téc do gi6 (5 m/s, 10 m/s, 15 m/s va 25 m/s) khac nhau. Két qua nhan duoc cho
thay, hudng gio va tde do gié co anh huong quan trong dén két qua xac dinh thoi gian phan
hoi trong tim kiém, ciru nan trén bién. Céc thong tin hiru ich nay giup cac lyc lugng tim
kiém, ctru nan 1én ké hoach va trién khai hoat dong phu hop tuy theo diéu kién thoi tiét, trang
thiét bi cu thé ddi v6i khu vuc bién can ctru nan.

bong gop cia tac gia: Xay dung y tuong nghién ctu: N.Q.M., N.V.T.; Xt ly sd lidu:
N.Q.M.; Viét ban thao bai bdo: N.Q.M; Chinh stra bai bao: N.V.T.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cta tap thé
tac gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Assessing the impact of wind on the response time to reach the
search and rescue area at sea: A case study in the Gulf of Tonkin
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Abstract: Maritime accidents occur frequently in Vietnam - a country with a large sea area
and long coastline, especially under the influence of climate change. To support the
development of search and rescue plans at sea, determining the time to approach the incident
areas (response time) is very important. In the study, 07 data layers including: (1) search
and rescue vessel data; (2) adjusted wind speed (3) wind direction; (4) gravitational
acceleration, (5) seabed depth, (6) land-water image data and (7) locations of search and
rescue stations were used to determine the time to approach the incident location at sea. To
assess the influence of wind on the time to approach the incident location in the Gulf of
Tonkin, the study tested different wind directions (0°, 45°, 135°, 180°) and speeds (5 m/s, 10
m/s, 15 m/s, 25 m/s). The results obtained show that wind direction and wind speed have an
important influence on the results of determining response time in search and rescue at sea.
The study results also provide useful information to help managers develop search and
rescue plans suitable for climatic conditions at sea.

Keywords: Search and Rescue; Response Time; Wind Speed; Wind Direction; Modelling;
Gulf of Tonkin.
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Tém tat: Bai bao sir dung két qua tir thi nghiém trén mo hinh vat Iy mang séng dé nghién
ctru dic tinh cta song nudc nong trén thém dao ndi xa bd va danh gia anh hudng cia song
nude ndng to1 hiu qua giam soéng qua ran ngam nhan tao dat trén thém dao ndi xa bo. Két
qua cho thy song nudc ndng trén them ddo c6 hai dac tinh quan trong la: nang lugng va
chiéu cao song giam manh, c6 su xudt hién song ngoai trong luc vdi chu ky song dai 1én toi
29 glay Thong qua viéc phén tich twong quan gitra tham s6 do dbc song biéu kién Som va
hé sd truyén song K, cho thay d6 dbc song biéu kién 13 tham sb c6 anh huong dang ké toi
hiu qua giam séng cua ran ngim V6i xu thé nghich bién. Khi d6 ddc song bleu kién Som <
0,08 va bé rong twong ddi cuia ran ngadm B/d > 7,5 (voi B 1a bé rong ran ngam, d 13 do sau
muc nude trén thém) thi hé s6 truyén song Kt phu thudc vao ca B/d va Som; Khi 0,008 < Som
<0,02 va 4,0 <B/d <7,5 thi hé s6 truyén song Ky chi phy thudc vao bé rong twong ddi ctia
ran va khi Som > 0,02; B/d < 4,0 thi hé s truyén séng K¢ ludn 13 hing sb.

Tiwr khéa: Ran ngam nhan tao; Séng nudc nong; DO doc song biéu kién; Song ngoai trong
luc; Hi€u qua gidm song.

1. Giéi thi¢u

Céc hoat dong ctia con ngudi va sy bién doi khi hau 1a mdi de doa 16n nhat dbi voi cac
ran san ho trén cac dai dwong. Theo the Nature Conservancy, voi tbc do pha huy nhu hién
nay thi khoang 70% cac ran san h6 trén thé gidi s& bién mét trong vong 50 nam toi. Téc o
phuc héi tu nhién cua cac ran san ho chdm da thuc day su nghién clru cac cdu triic ran ngam
nhan tao (két cdu nhan tao duoc dit ¢ day bién dé mé phong mot so churc nang ciia mdt ran
san ho tu nhién, giup tai sinh, tp trung hodc tang cuong cac quan thé tai nguyén sinh vat
b1en ma khong gay hai t6i moi truong song trén khu vuc, thiic ddy sy sinh truong va phat
trién cua sinh vat bién, tao nguon loi thuy san theo quy ludt tu nhién) [1].

Cac dy an sur dung ran ngdm nhén tao vo1 myc dich cai thién moéi truong sinh thai, giam
s6ng, chéng x6i 16 ngay cang duoc tng dung nhiéu hon, dang két cAu str dung ciing da dang
hon va khu vuc 4p dung cling m¢ rong hon. Cac du &n ran ngam nhan tao trudc day chu yéu
tap trung vao cac khia canh sinh hoc - méi truong nhu tap hop ca trong vung lan can cua ran
san ho, ning suat ran san ho hodc so sanh hiéu qua kho1 phuc sinh thai gitra ran ngam nhan
tao va ran san ho tu nhién [2]. Bén canh muyc dich vé moéi trudng, mot s6 nghién ctru cling
chi ra ring, cac ran ngam nhan tao con c6 chire nang nhu mot dé ngam giam séng, gitp 6n
dinh duong bo [3]. Két cau ran ngam nhén tao c6 thé sur dung cdc nhom vét li¢u tu nhién
hodc nhém vat liéu nhan tao. Hién nay céc khoi bé tong rSng dtc san duoc sir dung ph6 bién

Tap chi Khi twong Thiiy van 2025, 772, 88-97; doi:10.36335/VNJHM.2025(772).88-97  http://tapchikttv.vn/


mailto:thuy39vtl@gmail.com
https://vi.wikipedia.org/w/index.php?title=The_Nature_Conservancy&action=edit&redlink=1

Tap chi Khi twong Thuy van 2025, 772, 88-97; d0i:10.36335/VNJHM.2025(772).88-97 89

[3] (Hinh 1a) va mot trong sO cac két cau dién hinh 1a cdu kién bé tong rong Reef Ball™
(RB). Hon 1/2 tri¢u khoi RB duoc tng dung trong hon 6.500 dy 4n tai hon 62 quoc gia nhung
chu yéu sir dung trén cac bai bién thong thuong [4]. Mot s6 du an duoc trién khai trén CaC

quan dao va dao ndi nhu tai Maldives va dao ndi Desroches, Remires va Plattes thudc quan
dao Seychelles (Hlnh lb) [5].

Hinh 1. (@) M6t s6 cu kién hinh thanh ran ngam nhan tao; (b) Ran ngdm RB lap dat trén quan dao Seychelles.

Trén cac dao ndi do nhing khac biét vé diéu kién dia hinh cling nhu ché do thuy hai van
dan t6i nhitng khéc biét vé ché do thuy dong luc séng. Dao ndi xa bo, vé ban chat la ran san
h6 xa bo ma c6 mot phan dién tich luén noi cao trén mat nude ké ca khi thiy triéu cao nhat
[6]. Pia hinh dao noi xa bo rat khac biét so vi cac bai bién thong thuong. Dia hinh ctia mot
dao ndi dic trung bao gdm: phan 15i dao (reef core) dy 1a phan cé dién tich nho, khoang vai
chuc héc-ta tro xuéng, phén thém dao (reef flat) tuong d6i bang ph'flng, rong gap nhiéu lan
50 V6i 161 dao, tiép voi phan thém dao 1a vach ngam c6 do sau thay doi dot ngot trong khoang

5-20 m va phan suon ngam & khoang d6 siu trén 50 m tiép giap v6i day bién sau, do sau trén
1500 m (Hinh 2).

Bién sau

Hinh 2. Dia hinh dic trung cta dao ndi (nguon google earth).

Cac nghién cuu Ve ché do thay dong lyc song khi truyén qua dang dia hinh c6 vach déc
dung nhu trén dao ndi trude dy da sé déu dya trén quan sat, mot s6 nghién ciru sir dung méo
hinh s va mot s6 nghién ctru s dung m6 hinh vat ly. Cac dac tinh thuy dong luc hoc song
duogc nghién ctiru nhu su tén thit ning luong, cac dic tinh séng nudc ndNg, sy phan bd chiéu
cao va chu ky song trén khu vue nudce nong [7].

Theo cach t1ep can vé sy ton thit nang luong, song khi truyén qua dia hinh c6 vach déc
dtrg da cho thay nang luong song bi suy giam dang ké va ty 1é suy giam twong ddi phu hop
véi cac ly thuyet hién c6 vé ma sat day va su tiéu tan song v6. Ti 1€ tiéu tan nang luong séng
16n nhét c6 thé 1én t&i 75%+86% [8]. Nghién ctru [9] chi ra rang ti s6 giira chiéu cao song
16n nhat va d6 sau muyc nudc (Hmax/d) tai vi tri phia sau vung séng v& trén thém nudc néng
khong vuot qua 0,55 nhod hon nhiéu so véi gia tri trén cac bii bién thong thuong 13 0,78 [9].
Nghién ciru [6] ciing chi ra cac yéu té chi phdi ché do thiy dong luc song trén ving song v
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va sy lan truyén cta song 13 do ngap trén thém nudc ndng, do ddc phia trudc cua ran (fore-
reef slope) va do sau trén thém san ho.

Céc nghién ctru vé cac dic tinh song nudc ndng trén thém co thé ké dén [10, 11]. Hai
dic trung thiy dong luc quan trong trén thém nude ndng 13 hién twong séng tran va sy hinh
thanh song ngoai trong luc (infragrivity wave - song c6 chu ky tir 20-200s) [12]. Song tran bi
anh huong boi do sdu muc nudc trén thém va dic trung mat cit cla ran. Song tran tang khi
d6 ngap tuong ddi trén thém giam va d6 nham day thém ting. Hién tuong song tran 1am muc
nuée trung binh trén thém dao dang cao [13]. Song ngoai trong luc (IG), 1a séng cb tan sb
thap, chu ky dai trong khoang tir 20-200s, dwoc hinh thanh trén nhiing bo bién c6 do doc
khac nhau. Nhitng con séng dai duoc hinh thanh theo 2 co ché: (1) do nhitng tuong tac trong
nhom séng to1, sau khi hinh thanh chiing lan truyén tir khu vuc nudce sau vao khu vuc d6 sau
muc nudc nho nhu nhitng con song tu do va (2) song dugce sinh ra tir ving song v, vung
giap ranh v6i mai déc nho co ché diém vo [14]. Dbi véi cac dao ndi, séng ngoai trong luc
dugc hinh thanh theo co ché diém v& [6]. Khi séng chu ky ngan b tiéu tan do séng va, song
ngoai trong lyc hinh thanh va cang vao bén trong thém cang chiém uu thé [11, 15]. Anh
hudng cua song ngoai trong luc dbi voi su phan bd chiéu cao song 1én thém dao 1a kha phirc
tap [10].

Chiéu cao séng nuéc sau vé mat ly thuyét tuan theo phan bé Rayleigh, Longuet-Higgins
[14], ung dung cho c4c bai bién thong thudng véi dd déc nhé hon 1/20 va d6 sdu nudc thay
d6i tir tir. Nguoc lai, cac nghién ctru vé sy truyén song ddi v6i kiéu bo ¢ vach dbc ding véi
d6 dbc 16n va do sau bién ddi dot ngdt nhu dang dao san ho cho dén nay chua cé nhiéu. Céc
nghién ctiu c6 thé ké dén nhu [16, 17]. Nhém thtr hai, sir dung cac phan b thuc nghiém nhu
Weibuill, theo d6 cac tham sé mo hinh dugc xay dung truc tiép tir bo tham sé do dac thuc
nghiém [18, 19]. Nghién ctru [20] da thiét 1ap cong thirc phan b Rayleigh - Weibull tong
hop (BG2000) va nghién cau [6] da xay dung cong thic phan bd chiéu cao song 3WB (3
Weibull) tmg dung cho thém dao chim.

Nhu véy, co thé thiy, cac nghién ctru hién tai vé ran ngam hau hét dwa trén cach tiép can
vé su ton that nang lwong khi song truyén qua. Nguoc lai, cac tac dong xay ra ¢ ran nhu hiéu
qua giam song, su hinh thanh cac X04&y nudc, cac tuong tac phi tuyen tinh thi chua dugc giai
quyet 13 rang. Hién twong ndy can duoc xem xét khi thiét ké ran ngdm nhan tao lam dé ngdm
chan song [7]. Trong nghién ctru ndy, dua trén két qua tir thi nghiém trén mo hinh vét Iy mang
song tac gia nghién ciru ddc tinh song trén thém nude nong trén dao bao gom su suy giam
chiéu cao séng, sy thay d6i chu ky va phd song nudc ndng so voi song nudc sau. Pong thoi
nghién ctru cling dénh gid sy tuong tac gilta song nuwdc nong voi ran ngam nhan tao, cu thé
la sy anh hudng cua tham sé séng nuéc ndng toi hiéu qua giam s6ng cuia ran ngam nhan tao
RB thong qua viéc phan tich twong quan gitra tham s6 do déc song biéu kién Som va hé sb
truyén song K. Day 1a m6t noi dung mang tinh khoa hoc, gop phan 1am rd hon ban Chat cua
cac tham s chi phdi toi hiéu qua giam séng qua ran ngam Reef Ball™ trén thém dao néi san
ho xa bo.

2. Thiét ké thi nghiém mé hinh vat ly

Muc tiéu cuia thi nghiém mé hinh vat 1y thuong 14 thu nhé ddi twong nghién ciru (nguyén
hinh) theo ti 1¢ quy dinh, thanh mét ddi twong thay thé (mé hinh). M6 hinh dugc xac 1ap trén
co s6 1y thuyét tuong tu, thong qua nhiing thi nghiém trong mé hinh dé suy doan nhing hién
tugng s& xudt hién trong nguyén hinh. Trong nghién ctru ndy mot mé hinh déo ndi véi cac
yéu t6 dia hinh va séng duoc thiét lap cung vdi d6 1a mot mo hinh ran ngém nhan tao tir cac
khéi Reef Ball™ duoc thuc hién. Bo s6 liéu thu thap tir thi nghiém bao gobm chiéu cao Va chu
ky song tai khu vye nude séu, chiéu cao va chu ky song trén thém trudc va sau ran ngam. Bo
S0 liéu song nudce sdu va nuoc nong s¢ dung dé danh dic tinh cua song. Bo s6 lidu song dén
trude va sau ran ngam dé danh gia hiéu qua giam song qua ran ngam nhan tao.
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2.1. Cdc diéu kién tuwong tie

Theo Iy thuyét mé hinh, dé mé hinh tuong tu voi nguyén hinh thi can phai twong tu hinh
hoc, dong hoc va dong luc hoc [21]. Cac diéu kién cu thé 1a:

Mo hinh phai dugc 1am chinh théi, ti 16 mé hinh nhé A1 < 60; va A1 = An, ti 1 giita chiéu
dai va chiéu cao phai nhu nhau.

Mo hinh phai tuan theo luét Froude - dién ta mtrc d6 anh huong twong ddi giita lyc quan
ien
Vg

V6i bai toan truyén song trén thém dao ndi, ap dung luat Froude (gdm ca chu ky song)
thi cac dai lwong nhu Ung suit r01 (Raynolds), song khuc xa, nhidu xa ciing déu thoa man
diéu kién tuwong tu. Tuy nhién, can phai loai trir anh hudng ciia lyc nhét, ma anh huong cua
luc nhét chi co thé dugc mo phong trong mé hinh khi ca hai luat Froude va Raynold dong
thoi duge thoa man [8]. Giai phép la trong cdc md hinh vat 1y ky thuat bién can giam thiéu
cac anh hudng cia lyc nhét bang cach ting s6 Raynolds du 16n. Theo kién nghi [22], d6 sau
mo hinh khong nho hon 5 cm va chiéu cao song trén thém khong nho hon 2 cm.

tinh va trong lyc & dong chay c6 mat thoang, theo do ti 1¢ thoi gian theo cong thic: Ar =

2.2. Cdc diéu kién nguyén hinh

Qua nhitng phan tich tong quan vé dao ndi, dia hinh nguyén hinh dugc lua chon dua vao
thi nghiém nhu sau: ph'ém 161 ddo & murc do cao: +4 m; phén thém san ho rong B = 300-600
m; vach doc dung (Fore-reef slope) 1/5.

Do sau muc nudc trén thém dao d trong khoang tir 2-4 m. Song khi hau véi huéng séng
chu dao 12 Pong Bic va Béc c6 chiéu cao va chu ky lan luot bang Hs = 2,0-2,60 m twong
mg vé6i Tp = 6-7 S. SOng nude sdu cho khu vuc dao ndi Hs trong khoang tir 4,0-13,8 m; T,
trong khoang tir 9,7-14,6 s.

2.3. Piéu kién thi nghiém

Thi nghiém mé hinh duoc thyc hién tai Phong Thi nghiém Thuy luc Téng hop, Trudng
Pai hoc Thiy loi trén mang séng Ha Lan. Chiéu dai méang song 1a 50 m, chiéu cao 1,2 m va
chiéu rong 1 m. Mang c6 thé tao song déu hodc song ngiu nhién theo mot sé dang phd song
phd bién nhu phd JONSWAP hay Peirsion-Moskowitz (PM). Chiéu cao song ngau nhién Hs
t6i da 1én t6i 0,3 m va chu ky 12 3,0 s.

2.4. Ti lé¢ mo6 hinh thi nghiém va kich ban thi nghiém

Ti 1€ m6 hinh phai dam bao cac diéu kién twong tur, cu thé mé hinh va nguyén hinh phai
tuong tu vé mit hinh hoc, cac diéu kién d9 sdu myc nude 6 nudce sdu va nude nong trén thém,
diéu kién song va kich thudc ran ngam cling phai dugc thoa man. Ti 1€ m6 hinh dugc lya
chon 1a 1/15. Chu kién RB trong mé hinh dugc thu phong theo ti 1€ 1/15, st dung vat li¢u
gbém nung c6 do nham tuwong duong 0,0097+0,011. Kich thudc mot khdi RB duoc mo ta tai
Hinh 3.

¥

b Tham sb Nguyén hinh M® hinh
Br r
) h (m) 2,10 0,14
' IR A TS B m) 3’0 0’20
or :
‘ " b, (m) 15 0,10
h 8, (m) 0,15 0,010
1 Br m(kg) 4200-4500 1,25-1,35

Hinh 3. Cac tham sé ctia khéi Reef Ball™ trén nguyén hinh va md hinh.

Céc cau kién RB dugc sap xép voi nhau theo phuwong an bé tri khong gian dé tao thanh
ran ngam giam soéng. So do bo tri mat bang ran ngam Reef Ball™ nhu Hinh 4.
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Hinh 4. So d6 bé tri mat bang két cdu ran ngam Reef Ball™.

So d6 thi nghiém mo hinh duoc so hoa nhu Hinh 5, trong d6: chiéu dai mang séng 50 m
v6i phan nude sau 1a 20 m; phan vach doc 1/5 12 2,5 m; thém san hé B 12 22,5 m va méi sau
la 3 m; Thiét bi do song DHI Wave Amplifier 102E gém CaC dau do Wave Gauge 202, bo
khuéch dai 102E, cap ndi cac dau do voi module thu thap s6 liéu va ngudn cap. Tong cong
c6 06 dau do tir WG1 dén WG6 duoc sir dung nham xéc dinh chiéu cao song ¢ trude va sau
tuyén cong trinh. Trong d6, WG1 do s6ng nudc sau; WG2, WG3 va WG4 dung tach song phan
xa trude cong trinh; WG5S do song phia trude cong trinh; WG6 do song phia sau tuyén cong
trinh. Cac dau do WG2, WG3, WG4 duoc bb tri dé xac dinh song phan xa tudn thu theo 1y
thuyét ciia Mansard va Funke (1980). Cac yéu cau vé khoang cach dau do phai dugc thuc
hién dé loai bo gia tri bat thudng trong phép do [23]. Song do tai vi tri trudc cong trinh WG5
1a song tong Hi, chiéu cao song tdi trude cong trinh Hmoi xac dinh theo cong thirc sau véi Ky

LA oA e A \ H
la h¢ so phan xa cua cong trinh H_, = ——
2
J1+ K3
_ WG1 WG 2,3,4,5 WG6
o Séng ngu nhién “ ” H H
2 [\ sw
L O
=< 1/5
20m | 2.5m 22.5m 3.0m

Hinh 5. So dd bd tri thi nghiém vé hiéu qua giam soéng cta két cAu ngdm RB.

Ma trdn céc kich ban thi nghiém nhu Bang 1. Tong s6 kich ban 1a 100 (4 x 5 x 5). Trong
d6 04 phuong an bé rong ran ngam B; 05 phuong an song Hs, Tp va 05 phuong 4n muc nude
tuong duong vdi 05 phuong an do ngap dinh ran R¢ (khoang cach tir myc nudc td1 dinh ran).

Bang 1. Ma tran kich ban thi nghiém.

M6 hinh Nguyén hinh
B(m) Hs (cm) Tp(S) Rc (cm) B(m) Hs (cm) Tp (5) Rc(m)
1,80 10 1,5 0 28,5 15 5,81 0,0
1,50 12 1,7 2,5 22,5 1,8 6,58 0,375
1,20 15 1,8 5,0 18,0 2,25 6,97 0,750
0,80 18 1,9 7.5 12,0 2,7 7,36 1,125
20 2,1 10,0 3 8,13 1,500

2.5. Cdc tham s6 do dac va tinh todn
Céc tham sé do dac song bao gom chiéu cao song va chu ky song. Ddi véi ving nude
sau la chicu cao song y nghia Hs va chu ky song Tp. Po6i véi ving nude nong trén thém phd
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song c6 xu thé bi thay dbi, luc nay thay vi str dung chiéu cao song Hs va chu ky Tp, chiéu cao
song mo men Hmo va chu ky phd song dic trung Tm-1.0 dugc sir dung. HE s6 truyen song Kt
1a ty sd giita chiéu cao song phia sau so voi chidu cao song dén phia trude ran ngdm nhan

H
tao: K, = HLM; Hiéu qua giam song & (%) = 100 x (1 - Ky) [10] (Hinh 6).

mo,i

Phia bién 2 Phia 15i dio
Humo,i A : : — = — S S < Huox
ﬂ:: \ /283 “;’.ﬁ ';i: ]F' h
Bl oo Lm/2

Hinh 6. So dd tinh hé s truyén séng clia ran ngam nhan tao.
3. Két qua va thdo luan

3.1. Pdc tinh song trén thém ddio

Do ran ngdm nhan tao dit trén thém dao ndi, song t6i trudc cong trinh khong phai 1a
song nude sdu ma 13 song nudc nong duge tao thanh trén thém dao, do vay dic tinh cua song
nude nong trén thém can duge danh gia. Song nude siu la song tuyén tinh v6i hai tham s6
duoc xét dén chiéu cao song ¥ nghia (Hs) va chu ky dinh séng nude sau (Tp), khi song nude
sAu truyén vao dao gap vach dc dimg da phan bi v trén khu vuc 1an can dinh vach doc ding
do sy suy giam dot ngot cua do sau. Cac qua trinh vat Iy nhu song phan xa, song vd, song
truyén va hidu mg ma sat day lam suy giam nang luong va ch1eu cao song Song nude nong
dugc hinh thanh trén thém va tiép tuc truyén vao bo, 161 dao néi [23], qua trinh truyén song
trén dao ndi nhu Hinh 7.

Song mréc sau

_ Dinh vach dé_g dimg

Hinh 7. Qua trinh truyén song trén dio noi kich ban d14H20T1.9.

V& chiéu cao séng, tir két qua cua 100 kich ban thi nghiém cho thay chiéu cao séng nudc
nong trén thém dao bi suy giam rat manh. Ti 1¢ suy giam 16n nhét 1én t6i 68,6% véi kich ban
muc nude d14H20T1.9 twong ung voi muc nude nhod d = 14 cm, ngang véi dinh ran ngam,
do ngép Rc=0cm; chiéu cao song toi 16n (Hs=20 cm) va chu ky song dai (Tp = 1,9s). Hinh
8 cho thdy bién trinh d6 cao song tai cac dau do song véi kich ban ¢6 ti 18 suy giam chiéu cao
song 16n nhit d14H20T1.9. Khi d6, chiéu cao song tai ving nudc sdu WG1 c¢d Hs = 0,20m;
chiéu cao song tai cac vi tri trén thém dao WG2 14 0,0695 m; tai WG3 14 0,0679 m; tai WG4
1a 0,0668 m; tai WG5 12 0,0696 m (chiéu cao song nuGe NONY sau tai vi tri trude ran ngam
nhan tao) chiéu cao song tai vi tri phia sau ran ngdm twong tmg WG6 1a 0,0397 m.

Vé chu ky song, két qua thi nghiém tir 100 kich ban cho thay, song nudc ndng ¢ chu ky
dao dong tir 1,7-7,5 s trong m6 hinh, twong tng v6i chu ky tir 6,6-29 s trong nguyén hinh.
Nhu vay c6 thé thiy, song nudc ndng trén thém dao bao gdm hai loai: séng ngan (chu ky nhod
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hon 20 s) va song dai (song ngoai trong luc, chu ky do dac tur thi nghiém Ién t&i 29 s). Su
xuét hién séng ngoai trong luc trén thém déo cho thiy su phu hop véi cac nghién ctru trude
do Vé ché d6 thuy dong luc song trén ran ngdm co6 vach dbc ding [11]. Bén canh do, khi
tmyen vao vung nudc nong, song bi vo, hinh dang pho nang luong song bi bién d6i. Pinh
phé c6 xu thé dich chuyén sang trai, dinh phd tan so thip ting nhanh vé& gan bd, phd ning
lrong song nhu Hinh 9.

025

T I I I I

WGl WG2 WG3 WG4 WGS WG

Hinh 8. Bién trinh d6 cao song tai cac dau do song voi kich ban d14H20T1.9.

0055
/ 0044
/ .j \ 0033

[V -
= _.

m*/Hz

Hinh 9. Ph6 nang lugng séng do dac tmg véi kich ban d14H20T1.9.

3.2. Anh huong cua song nudc nong dén hiéu qua giam song cua ran ngam

Paénh gia anh huong cia sdng nudc ndng trén thém téi hé sé truyén song thong qua danh
gia trong quan gitra hé so truyen song Kt va do doc song biéu kién Sem, dugce xac dinh theo

cong thirc: S, = m_. Trong cdng thirc Som, chiéu cao song nuéc ndng Hmo duoc 1ay 12
m-1,0
chiéu cao song toi trudc cong trinh.

Str dung 100 kich ban thi nghiém danh gia anh huong cua tham sé séng nudc nong dén
hé sb truyén song Kt D6 thi twong quan giita Som vVa Kt tng vai cac bé rong B va do ngap
dinh R¢ nhu trinh bay trong Hinh 10.

Két qua trén Hinh 10 cho thay: (1) Po dbc song biéu kién Som trong khoang tir 0,001 dén

0,022. B dbc nay kha nho, theo cong thac tinh S, = % cho thay séng nudc ndng trén
m-1,0

thém c6 chiéu cao nho va chu ky song dai, day 1a dic tinh quan trong cia séng nuéc néng

trén thém dao, chiéu cao song giam manh, va xuat hién song ngoai trong lec véi chu ky dai;

(2) Po dbc s6ng Som tai Vi tri truée cong trinh va hé s truyén séng Kt co twong quan nghich

bién, Som tang thi K¢ giam va nguoc lai.

Do dbc song Smo 12 tham sb c6 anh hudng dang ké dén hé sb truyén song K, tuy nhién,
mirc d6 anh huong khong déu: (1) Véi cac bé rong ran ngam khac nhau thi khi bé rong dinh
ran ngam 16n thi duong trong quan c6 xu thé déc. Nguoc lai khi bé rong dinh nho thi duong
trong quan c6 xu thé dudi ngang. Pidu nay cho thiy d6 dbc song Som biéu kién anh hudng
dang keé t6i K khi bé rong 10n va it anh hudng khi bé rong nho; (2) Véi ciing bé rong dinh
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thi khi d¢ ngép dinh ran ngam nho, d6 thi duong twong quan ¢ xu thé déc hon, song téi anh
huong 16n hon toi hé sb truyen song. Nguoc lai, khi d ngép tang 1én, do dbc duong twong
quan giam di, vai tro ciia do dbc song biéu kién Som toi Ki cling giam di.

09 09
= B=150m
08 B=180m 08 A & I A
...... . o oo
07 7 T
g o o 07 Lo . i a
Qg a Xy P o
g 06 T o ] L Y g 06 o o 4
x 3 ° *Re=0cm ° *Re=0cm
03 * P o 03
. 9Re=25cm X " oRc=25cm
04 . oRe=5.0cm 04 * oRe=50cm
03 ORe=7.5cm 03 ORc=7.5¢cm
Re=10 em ARc=10cm
02 02 - - -
0 0.005 0.01 0.015 0.02 0.025 0 0.005 001 0.015 002 0.025
Som Som
10 10
09 % S B=030
NES| i B=120m i T
08 a 0.8 Berrere: . o
Oug e g...m 5 o o
07 . o 07 % ° B °
06 % 2 s Tl xRe=Oem | 4 06 e x
X o =
05 Keog oRe=25 05 *Re=Den
oRc=25cm
04 ¢Re=50 em 04 oRe=5.0 cm
03 oRe=7.5 cm 03 ORc=75 cm
ARc=10cm Re=10cm
02 02 L L L
0 0.005 0.01 0.015 0.02 0.025 0 0.005 0.01 0,015 0.02 0.025
Som Som

Hinh 10. Twong quan d6 ddc song biéu kién Som va hé s6 truyén séng K.

Ciing tir két qua trén Hinh 10 cho thay: (1) Khi d¢ dbc song Som < 0,08 va bé rong tuong
d6i ran ngadm B/d > 7,5, d6 thi véi xu thé phi tuyén do d6 hé sb truyén séng K phu thudc vao
ca bé rong tuong ddi B/d va d6 dbc song biéu kién Som; (2) Khi d6 doc song Som trong khoang
tir 0,008 < Smo < 0,020 va bé rong tuong dbi ran ngam B/d trong khoang 4,0 < B/d < 7,5, 46
thi voi xu thé tuyén tinh, do 6 hé s6 truyén séng Ky chi phy thude vao B/d; (3) Khi Som >0,02;
B/d < 4,0 6 thi 12 duong thiang nam ngang, khi d6 hé s6 truyén song Kt ludn 1a hang sé.

4. Két luan

Bai bao sir dung két qua tir thi nghiém mo hinh vat 1y méng séng véi 100 kich ban thi
nghiém dé nghién ciru déc tinh cta song nude ndng trén thém dao néi san ho xa bo va anh
huong cua tham s6 song nudc nong t6i hiu qua giam song cua ran ngam. Két qua cho thay:

- S6ng nude ndng trén thém cé chiéu cao song nho, ti 1¢ suy giam chidu cao song trén
thém so véi song nude sau 16n nhat 1én t6i 68,6%.

- Trén thém dao xuét hién hai loai song 1a séng ngan (chu ky song nho hon 20s) va song
ngoai trong luc (chu ky Tm €n t6i 29s).

- Hinh dang pho song nudc nong c6 sy bién doi manh, dinh phd ¢ xu thé dich chuyén
vé phia c6 tan sO thap

- Tham s6 d6 ddc song biéu kién Smo c6 anh hudng dang ké toi hé s truyén song K voi
xu thé nghich bién.

Khi Som< 0,08 va B/d > 7,5 thi hé sd truyén song Kt phu thudc vao ca B/d va Som.

Khi 0,008 < Som<0,02 va 4,0 < B/d < 7,5 thi hé s truyén song K chi phy thudc vao bé
rong twong di ca ran.

Khi Som> 0,02; B/d < 4,0 thi hé s6 truyén séng Kt ludn 13 hing sb.

Dbong gop cua tac gia: Xay dung y tuong nghién ctru: P.T.T., LH.T.; Xu ly s6 ligu: P.T.T;
Viét ban thao bai bao: P.T.T.; Chinh stra bai bao: P.T.T., L. H.T.

Loi cam doan: Tap thé tic gia cam doan bai bao nay la cong trinh nghién clru cua tac gia,
chua duogc cong bd ¢ dau, khong duoc sao chép tir nhitng nghién curu trude day.
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Influence of wave representative slope on artificial reef effective-
ness in shallow water
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Abstract: This study investigates the characteristics of shallow water waves and their im-
pact on the effectiveness of artificial reefs in wave reduction using physical model experi-
ments in a wave flume. Results reveal two key characteristics of shallow water waves: a
sharp decrease in both wave energy and wave height, and the emergence of infragravity
waves with periods exceeding 29 seconds. Analysis of the correlation between the wave
representative slope parameter (Som) and the wave transmission coefficient (K;) demon-
strates the significant influence of Som on wave reduction efficiency. A nonlinear, inverse
relationship exists between Som and K. Specifically, the study identifies three distinct re-
gimes: When Som < 0.08 and B/d > 7.5: K¢ depends on both the relative reef width (B/d) and
Som; When 0.008 < Sem < 0.02 and 4.0 < B/d < 7.5: K¢ is primarily dependent on B/d; Som >
0.02 and B/d < 4.0: K¢ remains constant. These findings provide valuable insights for opti-
mizing the design and placement of artificial reefs for effective coastal protection in shallow
water environments.

Keywords: Artificial reefs; Shallow water waves; Wave Representative Slope; Infragravity
Waves; Wave reduction efficiency.
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