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Bai bdo khoa hoc

Nghién ciru xay dung bo tiéu chi bao vé, chong suy thoai phuc vu
khai thac bén virng nguon nuéce dudi dat ving nii cao, viing khan
hiém nuéc khu vuce Bic Trung B0

Thén Vin Pén’*, Pham Thi Thu!, Pham Thi Hong Ngoc!, Nguyén Thi Lan Anh?

! Trung tAm Céng nghé va Dit liéu tai nguyén nudc; thandontnmt@gmail.com; phamthud-
ctvs1@gmail.com; ngocpth870@gmail.com; lananh.cwt@gmail.com

*Tac gia lién hé: thandontnn@gmail.com; tel: +84-976632126

Ban bién tdp nhan bai: 17/7/2024; Ngay phan bién xong: 30/8/2024; Ngay dang bai:
25/2/2025

Tém tit: Vung nui cao, vung khan hiém nudc khu vuc Bic Trung Bo c6 24 ving theo
Quyet dinh s6 1553/Qb-TTg ngay 08 thang 11 ndm 2019 cua Thu tuéng Chinh phu va c6
11 tang chira nudc tudi tir Neogen dén Cacbon- Pecmi. Két qua tinh toan tong trit lugng
nuée dudi dat c6 thé khai thac 1a 61.346 m®/ngay, tong luu luong khai thac cong trinh du
béo la 10.237 m3/ngay va c6 kha ning cung cap cho 102.370 nguoi voi tiéu chuan 13 100
I/nguodi/ngay. De khai thic va chéng suy thoai ngudn nude dudi dat, nhom tac gia xay dung
bo tiéu chi, gdm c6 3 nhom ti€u chi: Chéng suy thoai vé trit luong (co 3 tiéu chi va 6 chi
s6); Chdng suy thodi vé méi truong (co 4 tiéu chi va 5 chi s); Chdng suy thoai do yéu td
kinh té - x3 hoi (c6 4 ti€u chi va 6 chi sé). Trén co s& bo ti€u chi trén, bai bdo da sir dung
phuong phap phén tich thir bac (AHP) dé xac dinh trong s6 va danh gia cac tiéu chi, két qua
cho thay ¢6 20 vung c6 muc do bao vé chong suy thoai trung binh, 5 ving c6 mirc do bao
vé chong suy thoai kém, nguyén nhan chi yéu do cac yéu td suy giam vé chat luong va quan
Iy tai nguyén nudc, nhan thic cong dong

Tir khéa: Phuong phap AHP; Tiéu chi bao vé; Nude dudi dat; Khan hiém nudc; Bic Trung
Bo.

1. Mé diu

Trén thé gidi va Viét Nam ciing dd c6 nhiing nghién ctru dua ra cé4c tiéu chi nham bao
vé, khai thac bén vitng ngudn nudc dudi dat. Trong d6 c6 nhitng nghién ctru dién hinh, & An
D¢ [1] da dua ra phuong phap danh gia kha nang khai thac nuge ngam bén viing, thong qua
Bo Chi s6 Bén vimng Nude ngam (Groundwater Sustainability Index - GSI), xac dinh dugc S
nhom tiéu chi va 15 chi sb dé danh gia mirc do bén viing nguon nudc ngam. Nghién cou &
Trung Quoc [2] d4 x4y dung cac tidu chi bén vimng cua nudc ngam 4 tiéu chi chinh dugc sur
dung dé phan loai 1a: Sy suy giam muc nude ngam, tong do ha thap muyc nuoce ngam, Sy 6
nhiém nudc ngam thong qua chi s6 chat lugng nudc va su suy giam nguon nudc mat; nghién
ctru & Viét Nam [3] dd dé xuat duoc 4 nhom tiéu chi bao gdm 9 chi s6 1am co s¢ phan ving
khai thac bén viing nudc dudi dat ¢ ving dong bang Bic Bo va Nam Bo. Nghién ciru [4] da
dé xuét duoc bo chi sb tai nguyén nude trong ting truéng xanh bao gdm 24 chi tiéu thudc 3
nhom. Céc nghién ctru nay duoc thue hién danh gid cho nudce ngdm ¢ nhiéu khu vuc khac
nhau nhu mién ndi, ddng bang trén cac ving lanh tho khéac nhau. Tuy nhién, dé xdy dung bo
tiéu chi bao vé, chong suy thoai phuc vu khai thac bén viing nguén nude dudi dat ving nai
cao, ving khan hiém nuéc can c6 su nghién ctru phan tich cu thé cac nguyén nhan gay ra suy
thoai nuéc dudi dat dé dua ra céac tiéu chi cho phii hop véi timg khu vuc nghién ciru noi
chung va khu vuc Bic Trung Bo ndi riéng.

Tap chi Khi twong Thuy van 2025, 770, 1-13; doi:10.36335/VNJHM.2025(770).1-13 http://tapchikttv.vn/
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Nué6c dudi dat & cac ving nui cao, ving khan hiém nudc khu vyc Bac Trung Bo dang
c6 mot s6 nguy co suy thodi ngudn nude dudi dat do dic trung cau trac dia chat, dia chat
thity vin ciia khu vue cha yéu phan bd cac tang chira nudce khe nut, tang chira nudc karst 13
nhimng ting chira nudc c6 kha ning tir bao vé kém; do su phan bd cac dut giy dia chat; do li
lut, han han; xam nhap man; do khai thac nudc qua muc; do thdi quen canh tac tréng trot
dung thudc bao vé thue vat, thude trir sau, xay dung chuéng trai chan nuo6i chua dung, ...
Tinh trang nhiém ban nudc ngém néu khong ngan ngira hay khic phuc dugc s& khong chi
gdy de doa dén suc khoe cong ddng ma con gy de doa den cac hoat dong phat trién kinh té
- X hol. Vi vay, can phai danh gia muc d6 suy thoai ngudn nudc ngam cia khu vuce tir d6 dé
xuét ra duoc cac giai phap khoa hoc ky thuat, chinh sach nhim bao vé va dam bao khai thac
bén virng ngudn nude dudi dat.

Mtc do bao vé, chdng suy thoai ngudn nude dudi dat duge danh gia qua bd tiéu chi bao
vé, chdng suy thoai phuc vu khai thac bén vimg ngudn nudc dudi dat ving nui cao, ving
khan hiém nuéc. Nghién ctru nay sé& trinh bay phuong phap xay dung bo tiéu chi va két qua
danh gia theo bg ti€u chi cho khu vuyc Bic Trung BJ.

2. Dir liéu va phwong phap nghién ciru

2.1. Khu vue nghién curu

Theo Quyét dinh sb
3318/QD-BTNMT ngay 19
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nudce sinh hoat. Trén co s nguyén tic trén khu vie Bic Trung Bé da xac dinh duoc 24 ving
phan bd & 4 tinh: Nghé An (12 vung thudc cac xa: Tho Son, Mau btrc, Bén Phuc, Chau Loc,
Ha Son, Van Loi, Nghia Loi, Nghia Tho, Chau Thuan, Nghi Tién, Nghi Yén, Thanh Xuan);
Ha Tinh (06 vung thudc cac xa: Son Ninh, Son Tho, Pttc An, Thach Tri, Thach Xuan, Xuan
Lam); Quang Binh (04 vung thudc cac xa: Phuc Trach, Thanh Hoa, Dan Hoa, Trung Hoéa) va
Quang Tri (02 vung thudc cac xa: Hurdng Phung, Linh Thugng) la ving nui cao, vung khan
hiém nuéc (Hinh 1).

Hién trang tai nguyén nude dudi dat khu vue Bic Trung Bo: Tong tiém ning tai nguyén
nude dudi dat 1a 166.121 m¥ngay, trong d6 Nghé An véi két qua 75.260 m¥/ngay véi 12
vung diéu tra 13 tinh c¢6 tiém ning tai nguyén nude dudi dit 16n nhit; Quang Tri voi 2 ving
diéu tra, co tiém nang nho nhit 1a 5.443 m®/ngay [5]. Tong trir lugng cb thé khai thac 1a
61.346 m3/ngay, tinh co trit luong co6 thé khai thac 16n nhat 1a Nghé An voi 33.232 m®/ngay,
Quéng Tri véi trit luong c6 thé khai thac nho nhat, 1.702 m®ngay [5].

Luu luong khai thac cong trinh du béo 13 lvu lwong duogc tinh toan trén co so két qua
bom thi nghi€m tai cac 16 khoan dy kién khai thac trén co s& nhu cau st dung nudc cia vung.
Trir lugng cong trinh duoc tinh toan véi thoi gian khai thac trong 27 nam. Két qua tinh toan
lru lugng khai thac cong trinh du bao 1a 10.237 m®/ngay c6 kha ning cung cap cho tong sb
102.370 nguoi véi tiéu chuan sir dung nudc 100 1/ngudi/ngay. Trong khu vuc Bic Trung B,
Nghé An c6 luu lugng khai thac cong trinh dy bao 16n nhat, 3.372 m®/ngay; tiép theo d6 1a
Quéng Binh, Ha Tinh; Quéang Tri c¢6 luu luong khai thac cong trinh du bédo nho nhét1a 1.350,0
m3/ngay [5].

Tiém ning tai nguyén nude dudi dit (m3/ngay) Trit lugng c6 thé khai thac (m3/ngay)

5443 1702

\

s Nghé An = HaTinh = QuéangBinh Quang Tri = Nghé An = Ha Tinh Quang Binh Quang Tri

Luu luwong khai thac cong trinh dy bao (m3/ngay) S dén thu huéng (100 Ungudi/ngiy)

= Nghé An = HaTinh = Quang Binh Quang Tri = Nghé An = HaTinh Quang Binh Quéng Tri

Hinh 1. Hién trang tai nguyén nudc dudi dat ving ndi cao, ving khan hiém nuée thude khu vuc Bic
Trung BJ [5].

2.2. Dit liéu sur dung

Dir liéu str dung trong bao céo ké thira tir két qua thuc hién Dy 4n “Diéu tra, tim kiém
nguén nudce dudi dit tai cac vung nui cao, vung khan hiém nuée”, giai doan 1 dugc trién khai
thue hién tir nam 2016-2020, khu vie Bic Trung Bo [5]. Pong thoi két hop véi két qua thu
thap, diéu tra, khao sat bd sung s6 liéu khi tuong thuy van, hién trang khai thac, phong tuc
tap quan, cac tac dong dén cong trinh khai thac, tang chtra nude [6].

Thong sb cac tang chira nudc nghién ciru duge tong hop theo Bang 1, trong d6 cac gia
tri dugc ghi theo cdu tric: gia tri nho nhat - gia tri 10n nhét (gia tri trung binh) hodc chi ghi
gia tri trung binh.
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Bang 1. Thong sé cac TCN nghién ctru [5, 7).

Luulwong Hé s6 ddn nwée HE s6 thaim  Chiéu sdu murc nwée

-
-

TCN

Q (I/s) Km (m?*/ng) K (m/ng) Ht tinh (m)
1 Neogen (n) 0,9 -3,84 55,93 1,39 38-84
2 Trias trén (t3) 1,04 -1,72 3,6-7,6 - 1,66 -42
3 Trias giira (t2) 1,21-24 20,67 0,26 1,71 - 6,18
4 Ocdovic - Silur (03-s1) 1,27-42 52,27 0,84 3,05-9,58
5 Silua gitra (sz) 0,86 - 7,89 21,5-379,9 - 293-12,5
u g 2 5 s (143’2) 5 5
6 Silua gitra - devon dudi (Sz-di) 1,2-32 8,21 0,09 3,34-5
. 25,7-27
7 Devon giira (d2) 3,03-5,17 (26.35) - 2.45-10,72
8 Devon dudi (d)) 1,2-52 - - 54-72
9 Carbon - Pecmi (c-p) 1,27 - 7,82 102,23 1,19 2.45-13,02
19,76 - 63,06 0-20
10 Magma (g) 1,0 - 3,35 (40.26) - (1.23)
0,7-1,4 4,12 -4,71
1 Pa (1,05) (9.42) - 6,5-16

2.2. Phuong phap nghién ciru

- Phuong phap diéu tra, thu thép dir liéu: Thu thap, téng hop va hé thong tai licu, cling
nhu diéu tra khao sat thuc té vé kinh té, xa ho1, phong tuc tap quan va xdc dinh cu thé céc
tang chira nude, nguyén nhan suy thoai nguon nude dudi dat.

- Phuong phap phan tich, ké thira: K& thira cac nghién ciru trén thé gidi va trong nudc.

- Phuong phap phan tich dir liéu: Thong ké, sir dung GIS dé thanh 1ap so d6 cac ngudn
nude dudi dat can bao vé.

- Phuong phap chuyén gia: T6 chirc cac hoi thao, tham van y kién chuyén gia dé Iya chon
b tiéu chi, cling nhu cac giai phap.

- Phuong phap phan tich thir bac (AHP): dé xac dinh trong s6 va danh gia cac tiéu chi.

2.3. Co s6 khoa hoc va thuc tién

Dua vao dic diém dia chat thay van, tiém ning nudc dudi dat ving nui cao, vung khan
hiém nudc khu vuc Bac Trung Bo va qua qué trinh dleu tra khao sat va tong hop phan tich
tir cac dir 1iéu nhan thay, nguyén nhén suy thoai ngudn nude nhu sau: Khu vye tang chira
nudce ¢ mién cap trung voi mién phan b cua tang chtra nudc nén tao diéu kién thuan loi cho
su tham thdu cac chét gay 6 nhidm vao nudc ngam; Hién tuong x0i mon dat do mua 16n c6
thé cudn theo cic chat giy 6 nhidm tir bé mit xuong nude ngam; Do xam nhép mén; 10 lut
va han han c6 thé 1am thay ddi dong chay va sy tham thau ctia chat gy 6 nhiém ngudn nudc
ngam; Thay doi dién tich st dung dét; Khai thac nudc khai thac qua mire gdy suy giam; Sir
dung phén bon hoa hoc va thuéc trir siu trong nong nghiép; Chat thai tir hoat dong chan nuoi;
chua dong bd, hé théng hoa vé quy trinh van hanh khai thac nudc; Phong tuc tip quan va
nhan thic cong dong ¢6 han ché trong khai thac va str dung nuéc.

Dua vao két qua ctia cac cong trinh dd nghién ctru trén thé giéi nhu & An Do, Trung
Quoc, Brazil, My,... [1, 8-18] va Viét Nam nhu & dong bang Bic B9, dong bang Nam B9,
Ha N¢i, Tay Nguyén, ...[3, 4, 19, 20].

3. Két qua va thao luan
3.1. Xdy dung bé tiéu chi bdo vé, chong suy thodi nguén nude dudi dat
3.1.1. Bé xuat bo tiéu chi

Trén co s& cac két qua nghién ctru, nguyen nhan gay suy thoai nguon nuée dudi dat ving
nui cao, ving khan hiém nuéc khu vye Bic Trung Bo va tham van ¥ klen cua cac chuyén
gia, nhom tac gia da xay dung bo tiéu chi bao v¢, chong suy thoai nguon nuée dudi dat cu
thé. Chi tiét nhu sau:
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1) Nhom tiéu chi chng suy thoai vé trir lugng

* Tiéu chi 1: Vé ngudn cap

Danh gia thay doi vé luong bd cap cho mién cp cua ngudn nude dudi dat do anh hudng
ctia lwong mua, tham phu, thay d6i dat rimg.

Tiéu chi nay dugc danh gia qua cac chi sb bao gom:

+ Chi 86 1 (I1): Chi sb danh gia mtrc 6 suy giam vé tham phu. Puoc danh gia bang sy
suy giam dién tich rimg: Suy giam nhiéu: 3 diém, Suy giam trung binh: 2 diém, Suy giam it:
1 diem.

Dién tich rirng ndam 2016 — Dién tich rirng nam 2021
h = Dién tich rirng nam 2016 x 100% M

+ Chi 6 2 (I2): Chi s6 danh gia vé luong mua. Pugc danh gia théng qua mirc do suy
giam luong mua trong vong 10 ndm ké tir nm nghién ctru. Suy giam > 20%: 3 diém, tir 10-
20%: 2 diém, < 10%: 1 diém.

T6ng lwong mwa nam 2011 — Téng lwgng mwa nidm 2021

I, = : _ - X 1009 2
2 Tong lwong mwa nam 2011 % @

+ Chi s 3 (I3): Chi s6 danh gia vé chidu sau muc nudc. Puoc danh gia qua chiéu sau
muc nude tinh > 20 m: 3 diém, > 10-20 m: 2 diém, < 10 m: 1 diém.

Diém cia tiéu chi dugc tinh bang T (Piém chi s6 x Trong s6 cua chi s6).

* Tiéu chi 2: V& trit lugng khai thac an toan tranh 6 nhiém, xdm nhap man, sut lin nén

dat
Tiéu chi nay danh gia kha nang dap tng khai thac tranh 6 nhiém, xAm nhap min, sut lun

nén dat [3]. Puoc danh gia qua chi sé 4: Chi sé vé trit luong khai thac an toan

L= Tong lwong khai thac nwéc dwédi dat « 100% 3
4 Trit lwong khai thac an toan ’ ®

C6 ba kich ban danh gia: Kich ban 1: Tong lugng khai thac < Trit lugng khai thac an
toan nudc dudi dat, tirc 1a < 80 %, dugc tinh 1 diém; Kich ban 2: Tong luong khai thac ~ Trix
lugng khai thac an toan nudc dudi dat, tirc 1a 80% - 100%, duge tinh 2 diém; Kich ban 3:
Téng luong khai thac > Trit lugng khai thac an toan nudce dudi dat, tirc 13 > 100%, dugc tinh
3 diém.

* Tiéu chi 3: Vé gidi han khai thac cong trinh

Gi6i han muc nude khai thac 1a mirc do t6i da ma nudce ngﬁm c6 thé duoc khai thac tur
mot ting chtra nudc hoic mot ngudn nude ngam cu thé ma khong gy ra cac tac dong tiéu
cuc dén méi truong va tai nguyén nudc [3], dugce tinh toan theo cong thirc nhur sau:

L T6ng lwong khai thac nwéc dudi dat < 1009 @
> Téng lwong bd cip tw nhién °

C6 ba kich ban danh gia: Kich ban 1: Dam bao khai thac an toan: Tong lugng hit ra <
Téng luong bd cap tu nhién, Is < 80%: 1 diém; Kich ban 2: Khai thac két hop bd sung nhan
tao trir lugng: Tong lwong hit ra gan bang Tong lwong bd cap tu nhién, tirc 1a Is = 80-100%:
2 diém; Kich ban 3: Khai thac khong an toan, can han ché khai thac: Téng luong hat ra >
Téng luong bd cap tu nhién, tac 1a Is > 100%: 3 diém.

Chi s6 danh gia giéi han muc nude khai thac duoc tinh bang ty 1¢ ciia chiéu sau ha thap
muc nudce clia 16 khoan so véi ngudng muc nudce khai thac cho phép.

Chigu sau ha thdp muc nwéc cia 16 khoan
le = Nguwéng muc nwdce khai thac cho phép * 100% ®)

Chi sb Is duoc phan thanh 3 cip nhu sau: Is >60%: tinh 3 diém; 30 < Is < 60%: tinh 2
diém; 0 < Is < 30%: tinh 1 diém.

Diém cua tiéu chi dugc tinh bang T (diém tiéu chi x trong s6 cua chi sd).

Theo Khoan 2, Diéu 32 Nghi dinh 53/2024/ND-CP ngay 16/5/2024 cua Thu tuéng Chinh
phu, quy dinh chi tiét thi hanh mot s6 diéu cia Luat Tai nguyén nude, ngudng khai thac nudc
dudi dat cho phép khu vuc Bic Trung Bo 1a khong vuot qua 50m.
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2) Nhom tiéu chi chdng suy thoai vé moi truong

* Tiéu chi 4: Vé nguy co xdm nhap min nude dudi dat

Tiéu chi vé& nguy co x&m nhap man nudc dudi dat duge danh gia khoang céch tir ranh
man 1,5 gram/lit dén cong trinh khai thac gan nhat. Chi sé |7 duoc phan thanh 3 cap: |7 <
1km: dwgc tinh 3 diém; 1 km < l7 <2 km: tinh 2 diém; |7 > 2 km: tinh 1 diém.

* Tiéu chi 5: V& nguy co 6 nhiém

Tiéu chi nay dugc danh gia dya trén 2 chi s6 1a Chi sb 8 (Is): Chi s6 danh gia anh huong
ctia chit gy 6 nhidm va Chi sé 9 (lg): Chi s6 dénh gia anh huéng ciia ngudn c6 nguy co giy
6 nhiém.

Chi s6 8 (Is) dugc danh gia bang két qua phén tich mau nude dudi dat so voi Quy chuan
09:2023/BTNMT, quy chuin ky thut qudc gia vé chét lugng nuéc dudi dat va phan thanh 3
cap: Xuat hién O nhiém vi luong (gom céc chi tiéu: As, Cd, Pb, Cr, Cu, Zn, Mn, g, CN,
Phenol), Thuéc BVTV, phong xa, TDS: 3 diém; Xuit hién 6 nhiém ni to, sit, vi sinh
(Coliform, E. Coli): 2 diém; Khong xuét hién 6 nhiém: 1 diém.

Chi s6 9 (Ig) dwoc dénh gia dya trén khoang cach tir ngudn c6 kha nang gy 6 nhidm dén
vung nghién ctru va phén chia thanh 3 cép, xac dinh nhu sau: Ip < 1km: 3 diém; 1 km < [g<
2km: 2 diém; Iy >2km va ving khong anh huong: 1 diém.

Piém cia tiéu chi duoc tinh bang £ (dlem tiéu chi x trong sd cuia chi s).

* Tiéu chi 6: Kha ning tu bao vé cia ngudn nudc dudi dat

Tiéu chi nay danh gia kha nang tu bao v¢ cua cac tang chira nude [3, 21], dugc danh gia
thong qua Chi 86 10 (110): Chi s6 kha nang ty bao vé cua ngudn nudc.

Dé tinh toan l1o, nhom tac gia sir dung phuong phap GOD dé phan ving ty bao vé tang
chtra nude, do Foster dua ra nam 1987. Cac chir viét tat cia GOD c6 ¥ nghia nhu sau: G -
Tinh chét ap luc cia ting chira nudc (c6 ap, ban ap, khdng 4p....); O - Thanh phan 16p phu;
D - D6 sau dén muc nudc dudi dat. Chi sé Iio duwoc phan thanh 3 cip. Ty bao vé tot: 1 diém;
Tu bao v¢ trung binh: 2 diém; Ty bao vé kém va rat kém: 3 diém.

3) Nhom tiéu chi chdng suy thoai do yéu t6 kinh té - xa hoi

* Tiéu chi 7: V& ché do van hanh, bao dudng cong trinh khai thac

Tiéu chi nay dugc danh gia thong qua Chi s6 11 (I11): Chi s6 vé ché do van hanh cta
cong trinh. Nguyén tic cho diém ciia chi s6 dya trén: thoi gian van hanh cang dai thi chi phi
van hanh va chi phi bao dudng cang ting. l11 < 6h/ngdy: 1 diém; 6 < I11 < 12h/ngdy: 2 diém;
11> 12h: 3 diém.

* Tiéu chi 8: Vé phong tuc tdp quan trong khai thac nudce

Tiéu chi nay dugc danh gia da trén s6 lugng dan toc thudc nhom dén tde it nguoi (theo
thong ké dan s6 Viét Nam, Tong cuc thong ké nam 2019) [22] sinh song ¢ khu vue nghién
ctru. Tiéu chi nay dugc danh gia thong qua Chi sb 12 duoc phan thanh 3 cap. Nhom dén toc
< 10.000 nguoi: 3 diém; Nhom déan toc 100.000 - 1 tridu nguoi: 2 diém; Nhom dan toc > 1
triéu nguoi: 1 diém.

* Tiéu chi 9: Vé gia nudc

Tiéu chi nay danh gia mirc do chénh don giad nude cua cac dja phuong v6i mirc tran gia
nudce cho khu vye nong thon theo Thong tu 44/2021/TT-BTC. Pugc danh gid thong qua Chi
s6 13 (I13) duge phan thanh 3 cap: 0 <113 <2000d: 3 diém; 2000 < I13 <5000: 2 diém; 113
>5000d: 1 diém.

* Tiéu chi 10: Tiéu chi vé co ché, chinh sach quan 1y tai nguyén nude

Tiéu chi vé co ché, chinh sach quan 1y tai nguyén nuéc danh gia vé mirc d6 quan tim veé
quan 1y ddi véi tai nguyén nudc, thong qua viéc ban hanh cac van ban vé quan 1y tai nguyén
nudce cua tinh bao gom: Quy hoach TNN; Phén vung cém ving han ché khai thac nudc dudi
dat; Kem ké tai nguyén nudc; Danh muc ngudn nudc can 1ap hanh lang bao v&; Danh muc
ngudn nude ndi tinh; Danh muc hd ao khong dugc phép san lap, ... Pugc phan thanh 3 cip:
l14 < 4 vin ban - Mirc d6 quan 1y (QL) thap: 3 diém; C6 4 < I14< 6 vin ban - Muc do QL
trung Binh: 2 diém; C6 14> 6 vin ban - Mirc d6 QL Cao: 1 diém.
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* Tiéu chi 11: Tiéu chi v& nhan thirc cong dong

Tiéu chi nay dugc danh gia qua 3 chi s6:

Chi s6 15 (Iis) - CF: Kha nang tai chinh Théng 5O nay dugc danh gia khi quan sat thiy
thang du thu so v6i chi trong moi twrong quan v6i mirc t6i thiéu va tdi da cua qubc gia [1].
Céc gia tri t6i thiéu va t6i da nay dugc sir dung 1am chuan dé tinh gia tri cho chi bao tai chinh
(CF), nhu thé hién trong biéu thirc:

Lis(Cp) = 100 — (22 x 100) (6)

Fmax—=Fmin

Trong d6 Fmin 12 thing du tdi thiéu binh quin dau ngudi cia qudc gia; Fmax 13 thing du
t6i da binh quan dau ngudi cia qudc gia; s 1a thing du trung binh binh quin diu nguoi cua
khu vuc nghién cuu.

Chi s6 16 (Ii6) - CE Gi4o duc Gi4 tri chi sb dwoc danh gia dya trén trinh d6 hoc van trong
xa hoi [1].

Diém cua chi sé (I16) duoc tinh toan dua trén ty 16 phan trim dan sé dudi d6 tudi 18-50
da dat trinh d6 trung hoc phd thong:

Li6(Cg) = 100 — (22222 5 100) (7)

Emax ~Emin

Trong d6 Emax 1a viing ¢6 phan trim dan s6 c6 trinh d6 t6i thiéu 1a THPT nhiéu nhét cia
qudc gia; Emin 12 viing ¢6 phan tram déan s6 co trinh d6 téi thiéu 1a THPT it nhat cta qudc gia;
e 14 phan tram dan sd ¢6 trinh d6 t6i thiéu 1a THPT cua vung nghién ctu.

Ce =100 néu e =76,56%; Ce =0, néu e = 54,86%:; néu 54,86% < e < 76,56%, thi phuong
trinh trén dugc su dung.

Chi s6 17 (I17) - Prv: Dao tao Chi sO nay phan anh nang lyc cta xa hoi vé mit xtr 1y tai
nguyén nudc ngot sau khi trao quyén cho ho bang dao tao co ban vé xtr Iy va quan Iy tai
nguyén nudce [1]. Pé tinh diém cho chi sé nay (PTV), phan trim s6 ngudi duge dao tao va
trao quyen da dugc tinh toan va nhan véi mot h¢ s6 cho céc linh vire khac nhau nhu thé hién
trong biéu thuc sau voi hé sb duge dao tao cong nghiép 1a 1, dao tao khac 1a 0,5 va khong
duoc dao tao 1a 0.

I;; (Pry) = (n + 0.5t) X 100 (8)

Trong d6 n 14 s6 % nguoi dugce trao quyén c6 dao tao voi cac ki nang cong nghiép; t 1a
sO % nguodi duogc dao tao khéac lién quan; Thang diém danh gia chi s6 Iis, l1s, l17 nhu sau: <
50%: 3 diém; 50-75%: 2 diém; > 75%: 1 diém.

Piém tiéu chi bang diém trung binh cong ctia cac chi sb.

3.2. Xdc dinh trong sé b tiéu chi

3.2.1. Phuong phap xac dinh trong sb bo tiéu chi

Muc dich 1a dé su dung B0 ti€u chi danh gia murc d6 bao v¢, chéng suy thoai phuc vu
khai thac bén viing nguén nude dudi dat vung nghién ctru. Str dung phuong phap phén tich
thir bac (AHP) [23] dé lua chon trong s6 cuia cac tiéu chi trong nhom tiéu chi. Déi voi cac
tiéu chi co 2 chi 0, sur dung phuong phap chuyén gia dé xac dinh tiéu chi quan trong hon.
Déi véi cac tiéu chi 6 tir 3 chi s6 tro 1€n, s dung phuong phap AHP dé xac dinh trong s6
cho cac chi sb trong tiéu chi.

Biing 2. BO tiéu chi bio v¢, chong suy thodi phuc vu khai thic bén vimg ngudn nude dudi dat ving

nli cao, vung khan hiém nudc thudc khu vuc Bac Trung BJ.

Hién trang suy giam vé

Hién trang suy giam vé trir lugng Hién trang suy giam do yéu tb kinh té - xa hji

STT moi truong
TC1 TC2 TC3 TC4 TC5 TC6 TC7 TC8 TC9 TCI0 TC11
Tén chi sb 1 12 13 4 15 16 17 I8 19 110 111 112 13 114 115 116 117
Trong sb cac
nhém tiéu chi 1.0 10 1,0
Trong s0 cac 051 0,19 0,31 0,443 03873 017 007 014 011 025 0,44

tiéu chi
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Hién trang suy giam vé

STT Hién trang suy gidm vé trir lugng méi trurdmg Hién trang suy gidm do yéu t6 kinh té - xa hi
TC1 TC2 TC3 TC4 TCS TC6 TC7 TC8 TC9 TCI10 TC11
Tronesdcd 022 o046 032 1 04 06 1 06 04 1 1 1 1 1 1 1 1
chi s0
,Diém_ E(")ng, < 4: Mitc d6 bao vé, chéng suy thoai ngudn nuée Tt
danh gia muc
do bao ve, 4 - 6 : Mirc d6 bao vé, chéng suy thoai ngudn nuée Trung Binh
chong suy
thodi n'guén > 6: Mirc d6 bao v&, chéng suy thodi ngudn nude Kém
nudc

3.2.2. Kiém tra phu hop cua trong s dé xuat

a) Tiéu chi nhém 1:
Keét qué kiém tra tinh phu hgp cua trong so cac tiéu chi thugc nhom ti€u chi 1 nhu sau:

Bang 3. Tinh tinh phu hop cua trong sé nhém tiéu chi 1.

Gi4 tri riéng 16n nhét ciia ma tran so sanh cip Ymax = 3,01
Chi s6 ngau nhién RI = 0,58
Chi s nhat quan Cl= 0,01
Ty 1é nhét quan CR= 0,92

Két luan: CR = 0,92% < 10%, dat yéu cau.
Két qua kiém tra tinh phu hgp cua trong s6 céc chi s6 thudc ti€u chi 1 nhu sau:

Bang 4. Tinh tinh pht hop ciia trong s tiéu chi 1.

Gi4 tri riéng 16n nhét ciia ma tran so sanh cip Ymax = 3,09
Chi s6 ngau nhién Rl = 0,58
Chi s nhat quan Cl= 0,05
Ty 1é nhét quan CR= 8,14

Két ludn: CR = 8,14% < 10%, dat yéu cau
b) Tiéu chi nhém 2:

Bang 5. Tinh tinh pht hop cia trong sb nhém tiéu chi 2.

Gi4 tri riéng 16n nht ciia ma tran so sanh cip Ymax = 3,02
Chi s6 ngau nhién RI = 0,58
Chi s6 nhit quan Cl= 0,01
Ty 1& nhit quan CR= 1,78

Két luan: CR = 1,78% < 10%, dat yéu cau.
¢) Tiéu chi nhém 3:

Bang 6. Tinh tinh phi hop ciia trong sb nhém tiéu chi 3.

Gi4 tri riéng 16n nht ciia ma tran so sanh cip ymax= 5,19
Chi sé ngau nhién RI= 1,12
Chi s6 nhit quan Cl= 0,05
Ty 1é nhét quan CR= 4,27

Két luan: CR = 4,27% < 10%, dat yéu cau.

3.3. Két qud tinh todn dinh lirong b tiéu chi

Trén co s6 bd tiéu chi, nghién ctru da dinh lugng b tiéu chi cho vung ndi cao, vung khan
hiém nudc khu vuc Bac Trung Bo dugc thé hién trong bang 7.
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Bang 7. Két qua tinh toan dinh lugng bé tiéu chi bao vé, chdng suy thoai phuc vu khai thac bén viing
ngudn nude dudi dat vung nui cao, vung khan hiem nudce thude khu vuc Bac Trung Bo.

Diém dinh  Diém dapn ~ Dicm danh - Dicm tong
A R cxpen gia hién danh gia murce
Tang gid hi¢n gid hién trang su do bao vé
STT Tinh Vung chira trang suy trang suy ‘rang suy £ - Danh gia
. . A 4o . X . gidm do yéu chong suy
nwéc  gidm veé trivr  gidm vé méi PSRN ‘e £
\ to kinh té - tho4i nguon
lwong truong R .
xa hoi nuoc
1 Chau Loc c-p 1,58 1,34 2,19 511 Trung binh
2 Chau Thuan c-p 1,40 1,57 2,12 5,09 Trung binh
3 Poén Phuc n 1,74 1,40 2,19 5,34 Trung binh
4 Ha Son c-p 1,78 1,49 1,89 5,16 Trung binh
5 Mau buc S2- 1 1,96 1,40 2,19 5,55 Trung binh
6 Nghi Tién t3 1,74 2,54 2,12 6,40 Kém
Nghé An A )
7 Nghi Yén t3 1,56 2,54 2,19 6,28 Kém
8 Nghia Loi t2 2,14 1,34 2,19 5,67 Trung binh
9 Nghia Tho Bq 1,82 1,88 2,19 5,89 Trung binh
10 Thanh Xuan 2 1,78 1,49 1,68 4,95 Trung binh
11 Tho Son c-p 1,67 1,34 1,75 4,76 Trung binh
12 Van Loi c-p 1,78 1,80 2,33 5,91 Trung binh
13 Thach Tri n 1,54 1,73 2,44 5,70 Trung binh
14 Thach Xuan t 1,54 1,88 2,44 5,86 Trung binh
15 bic An t2 1,54 2,11 2,44 6,09 Kém
Ha Tinh
16 Son Ninh 03-S1 1,43 1,80 2,44 5,67 Trung binh
17 Son Tho 03 - S1 1,94 1,57 2,44 5,95 Trung binh
18 Xuan Lam g 1,74 1,65 2,44 5,83 Trung binh
19 Dan Hoa d> 1,32 1,80 2,44 5,56 Trung binh
20 Thanh Hoa d2 1,16 1,40 2,44 5,00 Trung binh
21 ng;‘;f Trung Hoa cp 1,32 1,57 2,44 5,33 Trung binh
d1 1,69 1,88 2,30 5,88 Trung binh
22 Phuc Trach
c-p 1,69 1,88 2,30 5,88 Trung binh
Hudng .
23 Qiépg Phung S2 1,53 2,69 2,44 6,66 Kém
Il
24 ’ Linh Thuong 03-%1 1,69 2,69 2,44 6,82 Kém
Két qua danh gia mirc d§ bio vé, chdng suy thodi nwéc dwéi dit khu vue Bic
Trung B
14
12
10
8
6
10
4
2 5 5
0
Nghé An Ha Tinh Quang Binh Quang Tri
Sé vung c¢6 muc dd bao vé chéng suy thoai kém
S6 viing co mitc d6 bao vé chdng suy thoai trung binh

Hinh 2. Biéu d6 két qua danh gia mirc d6 bao vé, chdng suy thoi nude dudi dat ving ndi cao, ving
khan hiém nudc thude khu vyc Bac Trung B9.
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khan hiém nuéc thudc khu vuc Béc Trung BJ.

104°00°E.
h

10

Qua hinh 2, két qua danh gia cho thiy: Tai khu vuc Bic Trung Bo c6 20 ving c6 mirc
d6 bao vé&, chdng suy thodi trung binh, trong d6 tinh Nghé An c¢6 10 ving, tinh Ha Tinh ¢6 5
ving, tinh Quang Binh ¢6 5 ving (chiém ty 18 100%); 5 ving c6 mirc do bao vé, chdng suy
thoai kém, trong d6 tinh Nghé An c6 2 vung, tinh Ha Tinh c6 1 vung va tinh Quang Tri 2
ving (chiém ty 18 100%).

Ty 1€ danh gia mirc d§ bao v¢, chong suy thoai nguon nwéc
cac vung nui cao, vung khan hiém khu vuc Bac Trung Bo

mTrung binh = Kém

Hinh 3. Biéu db ty 18 danh gia muc d6 bao vé, chdng suy thoai nude dudi dat ving nii cao, ving

105°00°E
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106°00'E
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giam do yéu t kinh té xa hoi 1a thap nhat.

T
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Hinh 4. (a) Ban db thé hién danh gia muc do bao vé, chdng suy thoai nudc dudi dét theo cac nhom
danh gia vé trir luong, moi truong, KT-XH khu vuc Bic Trung Bo; (b) Ban dd thé hién két qua danh
gi4 mirc do bao vé, chdng suy thoai nude dudi dat ving ndi cao, ving khan hiém nudce thude khu
vuc Béc Trung Bo.

Hinh 4(a) cho thdy mirc d6 bao vé, chdng suy thodi nudc dudi dat theo cac nhom, trong
d6é muc do bao v¢, chong suy thodi cua nhom trir lugng chiém ty 1¢ cao nhat va nhom suy

Hinh 4(b) cho thay vung c6 mure do bao v¢, chéng suy thoai nuéc dudi dat kém phan bd
cht yéu & khu vyc ven bién va viing nui cao sat bién gidi véi Lao.
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4. Két luan va Kién nghi

Nhu vay, tir két qua nghién ctru cho thdy ving nli cao, ving khan hiém nudc khu vuc
Bic Trung Bo ¢ 11 tang chira nudc tudi tir Neogen dén Cacbon - Pecml v0i luu luong khai
théc cong trinh du bao 14 10.237 m*/ngay, c6 kha nang cung cap cho tong sb 102.370 ngudi
g véi tiéu chuan str dung nude 100 l/nguoi/ngay.

Dé bao vé va chong suy thoai ngudn nude ngam khu vie nay, nhom tac gia da xay dung
dugc bo tiéu chi, gdbm c6 3 nhom tiéu chi: Nhom tiéu chi chdng suy thoai vé trit luong c6 3
tidu chi va 6 chi s6; Nhom tiéu chi chdng suy thoai vé méi trudng (c6 4 tiéu chi va 5 chi sd);
Nhom tiéu chi chdng suy thodi do yéu t kinh té - x4 hoi (c6 4 tiéu chi va 6 chi s6). Két qua
dinh lwong mirc d6 bao vé, chdng suy thoai ngudn nude dudi dat & khu vuc co 5 ving c6
mirc d6 bao vé chdng suy thoai kém va 19 ving c6 muc dd bao vé chdéng suy thoai trung
binh, cac ving c6 muic d6 chdng suy thoai kém phan bé 0 Ngh¢ An, Ha Tinh, Quang Tri.
Nguyén nhén chdng suy thoai kém chi yéu do cac yéu t6 suy giam vé chét luong va do cac
yéu to vé quan ly tai nguyén nudce, nhén thirc cong dong.

Tir két qua danh gia bo tiéu chi bao vé va chong suy thoai ngudn nudc dudi dat nhom
tac gia da so bo xac dinh dugc cac nguyén nhan din dén suy thodi cta khu vuc nghién ciru,
tir 46 dé xuét duoc cac giai phap khoa hoc, k¥ thuat ciing nhu nhimg chinh sach hd trg dé
giam thiéu suy thoai, bao vé va dam bao khai thac bén viing ngudn nude dudi dat [24, 25].
Céc giai phap bd sung nhan tao va ché d6 khai thac hop 1y ngudn nude dudi dat 1a rat can
thiét, cling nhu cén giam sat chét ch& vung bao ho vé sinh khu vyc lay nuéc sinh hoat va
vung bao vé mién cip (ving b cap) tai cic cong trinh voi ban kinh ving cho timg cong trinh
t6i thiéu 1a 20m, dién tich bao vé vung bd cap tir 0,7 dén 11,0 km?.

Céc ving nghién ctru ciia D& tai trai dai ¢ nhiéu ving khac nhau trén lanh thd, bo tiéu
chi dugc xay dung cho 5 khu vic Bic Bo, Bic Trung Bo, Nam Trung B9, Tay Nguyén, Nam
B, mdi khu vue déu co nhitng dac diém cAu tric dia chit, dia chat thuy van, dac diém dan
cu kinh té x4 hoi khac nhau nén cac tiéu chi danh gia va mirc d6 anh huong ciia mdi tiéu chi
& mdi ving ciing c6 sy khac nhau. Viéc dua ra céc tiéu chi ciing nhu cach danh gia cac tiéu
chi c¢6 thé c6 nhiéu quan diém khac nhau tuy nhién nhém tac gia da c6 ging tan dung phan
tich cac dir liéu thuc tién ciing nhu trao doi, tham véan y kién cac chuyén gia trong cac linh
vuc dé dua ra dugc bo tiéu chi va nguyén tic danh gia cac tiéu chi don gian, hiéu qua nham
dap tng cho nhu ciu ap dung thyc té bo tiéu chi & cac dia phuong sau khi dé tai két thuc.

DPong gop cua tac gia: Xay dung y tuong nghién cou: T.V.D., P.T.T.; Lua chon phuong
phéap nghién cou: P.T.T., N.T.L.A.; Xt ly, phan tich so0 liéu: P.T.T.,, N.T.L.A,, P.T.H.N; Xay
dung bd ti€u chi: T.V.b., P.T.T.,, N.-T.L.A.; Viét ban thdo bai bdo: P.T.T., N.T.L.A,,
P.T.H.N.; Chinh stra bai b4o: T.V.D.

Loi cam on: Xin duoc cam on Dé tai DPTPL.CN-63/21 “Nghién ctru xay dung b tiéu chi

nham quén 1y, bao vé, chong suy thoai phuc vy khai thac bén ving nguon nuée dudi dat ving
nui cao, ving khan hiém nuéc” da cung cap so lidu va tai lidu dé viét bai bao nay.

Loi cam doan: Tap thé tac gia cam doan bai bao nay la cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao cheép tir nhiing nghién ctru trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
Tai liéu tham khao

1. Ajit, P.S., Bhatar, P. Development of groundwater sustainability index: a case study of

westein arid region of Rajasthan, India. Environ. Dev. Sustainabilitity 2021, 23, 1844—
1868.

2. Wang, Z.; Wu, Q.1.A.N.G. Development of groundwater sustainability indicators. IAHS
Publication, 2006, 302, pp. 29.



Tap chi Khi tuwong Thuy van 2025, 770, 1-13; doi:10.36335/VNJHM.2025(770).1-13 12

3.

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Canh, D.V. Nghién ctru d& xuat céc tiéu chi va phan viing khai thac bén viing, bao vé tai
nguyén nudc dudi dit vang dong biang Bic Bo va dong biang Nam Bo, Ma sé:
KC.08.06/11-15. B4o céo tong két dé tai, 2015.

Hoa, L.T., T.X.Q. Dé xuét bo chi s6 tai nguyén nuéc phuc vu cdng tac quan ly, bao vé
tai nguyén nudc trong tang truong xanh. Pai hoc Duy Tan, 2017.

Hoan, H.V. Béo céo két qua giai doan 1 dy &n “Diéu tra, tim kiém nguén nudc dudi dat
tai cac vuing ndi cao, vung khan hiém nuéc”, kém theo quyét dinh sé 673/QD-BTNMT
ngay 06 thang 4 nam 2022, Bo trudng Bo Tai nguyén va Mai truong phé duyét két qua
va quyét todn nhiém vu chuyén mon hoan thanh giai doan 1 dy 4n “Diéu tra, tim kiém
ngudn nudce dudi dat tai cac ving ndi cao, viing khan hiém nudc”. Trung tim Quy hoach
va Piéu tra tai nguyén nuéc qudc gia, 2020.

Dan, N.V.; Vo, L.V.; Suu, G.; Ty, B.T.; Hai, N.T.; Thanh, T.N. Nué&c dudi dat dong
bang ven bién Bic Trung bo. Cuc Dia chat va Khoang san, 1996.

Tam, V.T. Béo céo “Bién hoi - thanh 1ap ban d tai nguyén nude dudi dat ty 1é 1/200.000
cho céc tinh trén toan quéc”. Trung tim Quy hoach va Piéu tra tai nguyén nudc qubc
gia, 2018.

Anna, B. Sustainability of groundwater resources and its indicators. Proceedings of
symposium S3 held during the Seventh IAHS Scientific Assembly at Foz do Iguacu,
Brazil, April 2005). IAHS Publ. 302, 2006.

Alley, W.M.; Reilly, T.E.; Franke, O.E. Sustainability of GW resources. U.S.
Geological Survey Circular 1186, Denver, Colorado, 1999, pp. 79.

APN project. Enhancing the groundwater management capacity in Asian cities through
the development and application of groundwater sustainability index in the context of
global change. Project Reference Number: CBA2013-06NSY-SHRESTHA.

James, J.M.; Neil, A.L.; David, J.D.; Kasey, S.W. Climate Change: Impacts, Adaptation,
and Vulnerability. Publilished by the press syndicate of the University of Cambridge,
2001.

Joseph, B.M.; James, N. A Hybrid AHP and Taguchi Loss Function Method for Supplier
Selection. J. Supply Chain Manage. Syst. 2018, 7(4), 20-30.

Melissa, M.R.; John, C.S.; Micheal, B.S.; Dar, A.R.; Kelly, K.C.; Christine, M.A.
Establishing ecological thresholds and targets for groundwater management. Nature
Water 2024, 2, 312-323.

Russell, C. The Hydrological Impacts of Climate Change on Groundwater, 2007.

US geological survey. Effects of climate variability and change on groundwater
resources of the United States. Fact Sheet 2009-3074, 20009.

Vrba, J.; Zaporozec, A. (Eds). Guidebook on mapping groundwater vulnerability.
IAH/UNESCO, Vol.16. Heise, Hannover, 1994,

Vrba, J.; Girman, J.; van der Gun, J.; Haie, N.; Hirata, R.; Lopez-Gunn, E.; ... Wallin, B.
Groundwater resources sustainability indicators. A. Lipponen (Ed.). Paris: Unesco,
2007, pp. 114.

William, C.W. Groundwater resource evalution. McGraw-Hill Book Company,
NewYork, 1970.

Giang, N.V. Nghién ctru, xay dung b tiéu chi bao vé c4c tang chtra nudc trong tram tich
Pé tir khi thi cong xay dung cong trinh ngam. Ap dung cho TP. Ha Noi, Ma sé
TNMT.2016.02.03. Bao c4o tong két dé tai, 2017.

Nguyet, V.T.M.; Canh, D.V.; Phuc, D.D.; Minh, T. Nghién cttu xac lap ti€u chi, phuong
phap va quy trinh danh gia trlr lugng khai thac nude dudi dat. Ap dung thir nghiém tai
mot sé khu vye. Vién Khoa hoc Dia chat va Khoéang san, 2009.

Aller, L.; Bennet, T.; Lehr, J.H.; Petty, R.J.; Hackett, G. DRASTIC: A Standardized
System for Evaluating Groundwater Pollution Potential Using Hydrogeologic Settings.
US Environmental Protection Agency. Ada, Oklahoma. EPA/600/2-87-036, 1987.



Tap chi Khi tuwong Thuy van 2025, 770, 1-13; doi:10.36335/VNJHM.2025(770).1-13 13

22. Téong cuc Théng ké. Dan sé cac dan toc Viét Nam. Théng tin dan sd,
https://danso.info/dan-so-cac-dan-toc-viet-nam/.

23. Truong, N.H. Ap dung phuong phap phan tich thir bac (AHP) trong lya chon phuong an
thiét ké cac du an thuy loi. Trung tdm tu van PIM - Vién Khoa hoc Thay loi Viét Nam,
2020.

24, Duong, H.H. Nghién ctru dé xuat cac mé hinh, giai phap cong ngh¢ khai thac va bao vé
ngudn nudc trong cac thanh tao Bazan phuc vu cap nudc sinh hoat bén viing tai cac vung
ndi cao, khan hiém nudc khu vuc Tay Nguyén, Ma s6 DPTDL.CN-65/15. Bao céo tong
két dé tai, 2019.

25. Vinh, P.T. Nghién ctru dé xuit cac mo hinh thu gom khai thic bén viing ngudn nudc
mach 1§ phuc vu cép nudc sach cho cac vung nui cao, vung khan hiém nuéc khu vuc
Tay Nguyén, Mi s6 PTDL.CN-64/15. Bo céo tong két dé tai, 2018.

Proposing criteria for protection and prevention of degradation
to sustainably exploit groundwater resources in high mountain-
ous areas and water-scarce regions of North Central Vietnam
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Abstract: The high mountainous and water-scarce regions of the North Central area include
24 regions, as identified by the Prime Minister’s Decision No. 1553/Qb-TTg dated
November 8, 2019, and contain 11 aquifers ranging in age from the Neogene to the
Carboniferous-Permian period. The calculated total exploitable groundwater reserves
amount to 61,346 m3/day, with a predicted total extraction flow rate of 10,237 m3/day, which
could potentially supply water to 102,370 people at a rate of 100 liters per person per day.
To sustainably extract and prevent the degradation of groundwater resources, the authors
developed a set of criteria, categorized into three groups: Prevention of quantity degradation
(comprising 3 criteria and 6 indicators); Prevention of environmental degradation
(comprising 4 criteria and 5 indicators); and Prevention of degradation due to socio-
economic factors (comprising 4 criteria and 6 indicators). Using these criteria, the article
employed the Analytic Hierarchy Process (AHP) method to determine the weights and
evaluate the criteria. The results indicate that 20 regions have a medium level of protection
against degradation, while 5 regions have a poor level of protection, mainly due to factors
related to the deterioration of water quality and resource management, as well as community
awareness.

Keywords: AHP method; Protection criteria; Groundwater; Water scarcity; North Central
Vietnam.
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Tém tat: Bién dong 16p phu anh hudng téi didu kién séng ciia con nguoi va sinh vat. Bién
dong 16p phu dat 1a hé qua cta ty nhién va nhan tao. Do d6, danh gia bién dong 16p phu dat
1a nghién ctru da nganh, bao gém kinh té, xa hoi va dia Iy. Trong d6 phai ké dén vién tham
va GIS. Muc ti€u cua bai bao nay 1a s dung phuong phép vien tham va hdi quy logistic dé
khong gian hoa va dinh lugng hoa nham danh gia mdi quan hé giira diéu kién ty nhién véi
bién dong 16p phu dat huyén Giao Thuy, Nam Dinh. Anh Landsat duoc sir dung trong phan
loai théng tin 16p phu dat qua cac giai doan 1989, 2001, 2005 va 2023 bang phuong phap
phén loai huéng dbi tugng két hop véi phan vung mau Bién dong 16p phu tap chung chi
yéu 14 bién dong lua va hoa mau, bién dong dat trong, bién dong rimg ngap man va bién
dong khu nudi trong thily san. Diéu kién ty nhién dugc xac dinh trong moi quan h¢ vai 16p
phu dat tai khu vuc Giao Thuy, Nam Dinh, bao gom x6i 16 va bdi tu, thd nhudng, dia mao
va khoang cach t6i dudong bd. Méi quan hé nay duge thé hién bang quan hé khong gian nho
chirc ning chong xép trong +GIS va dugc dinh lugng héa bang mé hinh hdi quy logistic.
Két qua bai bao nay chi ra rang 16p phu bién dong khac nhau ddi véi mdi yéu td tu nhién va
c6 quan h¢ thuén - nghlch khac nhau qua tung gia tri hoi quy, gia tri nay 1a co so hiru ich
cho cac nha quan 1y diéu tiét str dung va khai thac diéu kién tu nhién hop 1y.

Tir khoa: Lop phu dat; Didu kién tu nhién; Vién tham; Hoi quy logistic.

1. Pit van dé

Bién dong 16p phu/str dung dat 1a mot nhan t6 chi yéu goép phan lam bién dong moi
truong va bién dbi toan cau [1-4]. Viéc khai thac va sir dung tal nguyen déc biét la 16p phu
datcan duoc thyc hién mot cach hop ly de dam bao sy phat trién kinh te xa hoi, dong thoi
bao vé mdi trudng. Do d6, khi dua quyét dinh khai thac 16p phii dat can thiét phai danh gia
dugc sy tuong técgitta céc diéu kién ty nhién va xa hoi ddi véi bién dong 16p phu détdé dua
ra quyét dinh phu hop [5].

Su blen d6i 16p phu dat ciing dugc xem nhu la két qua ctia m01 quan h¢ tong hop gitra
cac yeu t tu nhién va kinh té - xa hoi [6-9]. Céc chinh sach phat trién kinh ké va hoat dong
kinh té - xa hoi anh huong truc tiép dén hoat dong sur dung dat [5, 10— 13], 1am thay d6i 16p
phu dat. Mt khic, mot s6 nghién ctru cho rang dleu kién ty nhién 13 yéu t6 tat yéu tac dong
dén sy bién d6i 16p phu/str dung dat [14-16]. Mot s tac gia ciing nhan dinh rang 16p phu dat
c6 mdi quan hé rat chit ché voi céc diéu kién ty nhién [4 8, 17]. N6 luc nghién ctru twong
tac giita sy thay d6i 16p phu voi didu kién tu nhién ching han nhu chu trinh cac bon, thiy
van, khi hau, qué trinh sinh dia hoa la rat cén thiét trong viéc quan ly va diéu chinh céc anh
huong ciia bién doi khi hau 1én moi trudng trong twong lai [18].

Giao Thuy la mot huyén ven bién tinh Nam Dinh, thudc dong bang séng Hong, noi day
16p phu dat c6 su thay doi 16n do tu tuong tac cua diéu kién ty nhién nhu x6i 1, boi tu, xam
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nhap man, sy thay d6i dia hinh, dia mao. Dic biét 16p pha dat & huyén Giao Thuy, Nam dinh
chiu tic dong mang tinh budc ngoat boi chinh sach ddi méi trong nhitg nam 1986 [19]. Xu
huéng chung cua viée bién dong 16p phu dit & nhitng ndm trudce day la l0a va hoa mau gidm
dién tich dé chuyen thanh khu dén cu va nudi trong thay san. Bén canh sy anh hudng cua
chinh sach doi mai, chuong trinh tréng rimg ngdp man ciing c6 tac donglon dén b1en dong
16p phu dat. Tuy nhién, Doi Mi ciing khong the trong c6i trén dat phu sa hay trong laa va
hoa mau ¢ dat man nhiéu. Nhu vay, v6i bat ky yéu td tac dong nao thi su bién dong 16p phu
dat ciing phai dua theo diéu kién ty nhién dé dat dugc muc tiéu phat trién bén virmg dbi véi
dia phuong va cho toan cAu. Dé thyuc hién duge dinh hudéng do, viéc danh gia mbi quan hé
gitra diéu kién tu nhién vé6i su thay ddi 16p phu dit 1a rat quan trong. Giao Thity, Nam Dinh
duogc dac trung vé diéu kién ty nhién bao gém: thd nhudng va dia mao dac trung ctia khu vuc
chau thd song Hong, hién tugng xo1 16' do hoat dong nhan sinh va bdi tu bo bién do luong
tram tich 16n va van chuyén theo hudng chu dao la hudng Dong Bac Dé nghién clru moi
quan hé giira bién dong 16p phu dat va diéu kién ty nhién, can c6 mot 5O lugng lon s6 liéu va
dir liéu, dac biét la nhimg nguén dir liéu da thoi gian, bao gbm ca tu liéu vién tham.

Vién tham véi dac diém da thoi gian da thuan loi cho viéc theo ddi bién dong 16p phu
dat [20]. Dir liéu vién tham con duoc sir dung trong viéc xac dinh c4c thong tin vé diéu kién
t nhién anh huong dén bién dong 16p phu dat nhu 1a su thay ddi dia hinh va dia mao [21,
22]. Tuy nhién, vién tham bi han ché khi phan tich dit liéu ma khong c6 tinh khong gian nhu
la cac tac nhan hay hé qua cua su thay d6i 16p phu dat [23], chang han nhu la viéc dinh lugng
hoa su tuong tac gilta diéu kién tu nhién va bién dong 16p phu dat.

Phuong phap hoi quy logistic dd dugc ap dung trong mot sd nghién ciru vé danh gla dong
luc bién  dong 16p phu dat [24-28]. M0 hinh thong ké hoi quy logistic da bién da gidi thich
dugc moi quan hé cua yeu t6 phu thudc (bién doi 16p phu dat) vai yéu t6 tac dong (diéu kién
tu nhién) bang hé s6 hoi quy. Muc dich ciia nghién ctru 1 danh gid duge mbi quan hé gitra
bién dong 16p phu dat voi dia mao, thd nhudng, khodng cach té1 duong bo, x61 1¢ va bdi tu
bo bién st dung anh vién tham va mé hinh hdi quy logistic.

2. Phuwong phap nghién ciru va dir li¢u

2.1. Khu vue nghién ciru va dir liéu

Giao Thuy, Nam Dinh 1a mét huyén ven bién thudc chau thd song Héng. Giao Thuy tiép
giap voi bién Pong vé phia Pong, huyén Hai Hau vé phia Ty Nam, va huyén Xuan Truong
vé phia Tay Bac (Hinh 1). Vi tri dia Iy ctia Giao Thuy rt dc biét, noi day c6 hé théng thuy
hé day dic, dong thoi 1a mot trong nhirng vung dat boi tu phu sa mau m& do anh huong tur
song Hong va song So. Nho vi tri nam gan cua Ba Lat, didu kién tu nhién cua Giao Thuy
thuan loi cho céc hoat dong kinh té nhu trong lua - hoa mau va nuoi trong thuy san. Huyén

HvOT) vOT Z)

H. KIEN XUONG H.TIEN HAI

H.TRUC NINH

H.GIAQ THUY

H. HAI HAU

BIEN PONG

Hinh 1. Vi tri khu vuc huyén Giao Thily, tinh Nam Dinh.
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Giao Thuy, Nam Dinh c6 dac diém dia hinh, dja mao dic trung bdi cac don vi dia mao xay
dung theo ngudn gdc phat sinh, x6i 16, boi tu va khoang cach toi duong bo. Khu vyc nay
cling la cira ngd quan trong dan vao Vuon quéc gia Xuan Thuy, 1 khu vue dat ngap nudce co
gia tri vé sinh thai canh quan. Khu vyuc nay cling la noi dy trir sinh quyen cua thé gidi.

L&p phu dét ¢ huyén Giao Thuy c6 sy bién dong 16n & mot so moc thoi gian chinh. Déi
MG6i ndm 1986 1a thoi diém danh dau trong viée chuyén d6i co ciu kinh té & khu vuc nay,
dan dén su thay d6i 16n vé 16p phu dat. Trong diéu kién dir liéu cho phép, anh Landsat nim
1989 dugc cho 14 thoi diém bt dau Doi Méi. Tiép dén 1a nam 2001, khi cac du 4n bao ton
sinh thai rimg ngdp man dugc thyc hién cling lam thay ddi 16n dién tich rung ngap man. pé
ching minh tinh hi¢u qua ctia cac du an rung ngap man thi 2005 duoc lya chon 1a thoi diém
tiép theo. Cubi cing 1a ndm 2023 - thoi diém cip nhat nhit vé thuc trang 16p pha dat. Do vy,
dit liéu str dung trong bai bao nay, bao gdm dit liéu anh Landsat TM, ETM+ va OLI ¢ cac
giai doan twong tmg 23/11/1989, 23/11/1989, 10/10/2005, va 07/12/2023, dugc chup & diéu
kién gan gidng nhau, cac kénh anh sir dung bao gom kénh blue, green, red va near infrared.
Bén canh d6 1a dir liéu diéu kién tu nhién, bao gdm: thd nhudng, dia mao, bién dong dudng
bo (biéu hién bang x6i 16 va bdi ty) va khoang cach téi duong bo (Bang 1, Hinh 1).

Bang 1. Dir liéu diéu kién tu nhién.

Diéu k.iAén tw Phén loai diéu kién ty nhién KAy Di¢u lfiAén tw Pl.lfl n logi d.iAéu KAy
nhién : T hiéu nhién kién tw nhién hi€u
Diamao  Bai boi song tudi hién dai Q22  PMI Bién dong X6i 10 XM

B& mat tich tu hdn hop séng, DM2 duong bo Boi tu BT
bién - dam lay tudi hién dai Q,®
B& mit tich tu hdn hop séong - DM3  Khoang cach téi 0 (bién) bB O
bién tudi hién dai Q23 duong bd
Bé mat tich tu bai tridu tudi hien DPM4 0-800 m PB 1
dai Q7
Bé mat tich tu bar cat bién tuéi  BMS5 800-1600 m bB2
hién dai Q,°
Bé& mit tich tu bién gi6 tudi hien  DM6 1600-2400 m bB3
dai Q7

Thé nhudng DAt cat, con cat ven bién Cc 2400-3200 m bB4
DAt man it, trung binh Mi 3200-4000 m bB5
D4t man nhidu Mn 4000-4800 m DPB6
Dét phu sa khong duoc bdihang  Ph 4800-5600 m bB7
nam
Dét phu sa duge bdi hang nam Phb 5600-6400 m bB38
Dat phén tiém nang S 6400-7200 m DPB9

7200-8000 m bB10

bia mao dugc thu thap tu Lién doan ban dd Dia chat - Bo cong nghiép - Cuc dia chét
v6i 6 d6i trong. Phia ngoai dé phan bd boi hai loai dia mao 1a PM3 va DPM6. Cac loai dia
mao con lai tap trung phia trong dé. Tho nhudng ¢ Giao Thuy, Nam Dinh cling gdm 6 loai:
Dit cat, con cat ven bién duoc phan bo chu yéu 12 phi lao; dat man it, trung binh thudng phan
b v6i 16p phu dat 14 c6i, ruong mudi, nudi thily san; dat man nhidu phan b boi rimg ngap
man, thuy san; dat phu sa duoc boi thudng xuyén, dat phu sa khong dugc bdi thudng xuyén,
va dat phén tiém tang dugc phan b6 trén do la dan cu, lta va hoa mau.

Bién dong duong bo bién, bao gdm ca do x6i 16 va boi tu [29] Yéu t6 duong bo bién 1a
mot trong nhiing yéu t6 tw nhién c6 anh huong quan trong dén bién dong 16p phu dat ving
ven bién noi chung va huyén Giao Thuy, Nam Dinh noi riéng. Dudi tac dong cua cac chu
trinh tu nhién tir bién (séng, bio, su van chuyén phu sa, muc nude bién dang), bd bién di bi
bién dong 16n. Trong bai bao nay, k¥ thuat kénh ty s6 va phan ngudng dugc st dung dé trich
xuat duong b [30]. Su thay ddi dudng bd xay ra do qua trinh boi tu va x6i 16. Khi duong bo
thay doi, dién tich cac khoanh vi x6i 16 hay bdi tu ciing thay d6i. Dién tich bdi tu phan bd
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chu yéu tai cac cira Ba Lat va cira song Tra Ly. Hién twongxdi 16 ¢6 dién tich khong nhiéu,
duoc phan bd tap trung & cac xa Giao Long, Giao Hai.

Pudng bo 1a mot trong s6 cac yéu td tu nhién c6 lién quan rat chit ché véi bién dong 16p
phii d4t khu vuc huyén Giao Thity, Nam Dinh. Khi dudng bo bién d6i, 16p phil dat ciing bi
bién d6i theo va sy twong tac nay duoc chimg minh khi coi bién ddi dudng bo (x6i 1 va bdi
tu) 1a mot bién doc 1ap. Bén canh dé, gia sir ddi tuong dudng bo khong thay doi, thi giita bién
dong 16p phu dat v6i dudng bd van c6 mbi quan hé vi 16p phu dit & khu vire ven bién chiu
tac dong rat 16n bai do man cua thd nhudng va ché do dan nude. PO mian cua dat phu thude
vao khoang cach cua khu vuc d6 toi duong bd. ché do din nude cua cac khu vuce nudi trong
thity sanva ruong lam mudi ciing phu thudc vao khoang cach cia khu vuc do toi dudng bo.
Do vy, trong nghién ctru ndy coi duong bd nam 1989 1a ¢b dinh, va lay tiéu chi khoang cach
t6i duong b nam 1989 14 yéu té anh huong dén 16p phi dat. Khoang cach duoc tinh déu véi
gi4 tri 800m 1a khoang cach chiéu ngang dim nudi tom & giai doan chuyén dbi lua thanh ddm
t6m dau tién (1989 2001). Gié tri 800 m ciing twong duong véi chiéu rong ciia cac ddm nudi

wsos o500 w500 wooso oo s o500 w5 w080 o
Dia mao Thé nhudng
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Hinh 1. C4c 16p dix liéu diéu kién tu nhién.

2.2. Chiét xudt théng tin I6p phu dat

Phén loai 16p phu dat c6 thé tong hop thanh hai nhom 1a phuong phap phéan loai dya vao
pixel (pixel - based) va phuong phap phan loai huéng dbi twong (object - oriented). Phuong
phép phan loai theo pixel-based bi han ché khi chi dya vao gia tri | phan xa phé cua dbi tuong
nén khong thé tach biét dugc mot sd dbi twong nhu khu nudi trong thuy san - ruong muoi,
rimg ngap man - rudng coi,... Phuong phap phan loai huéng déi twong st dung két hop ca
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thong tin phd va thong tin cdu tric dbi tuong da khic phuc dugc han ché trén tai huyén Giao
Thuy, Nam Dinh ndm 2023. Bén canh do, bai bao con sir dung phwong phap phan loai phan
viing mau déi voi cac thoi diém anh 1989, 2001 va 2005 nham giam sai s6 thé ¢ khu vuc
ranh gioi nhitng vung khong bi bién dong. Su két hop nay 1a giai phap hiéu trong viéc danh
gi4 bién dong 16p phu d4t bang anh vé tinh da thoi gian. Quy trinh phan loai théng tin 16p
phu dat bang phuong phap phén loai hudngddi twong két hop phuong phap phan viing mau
khu vuc Giao Thuy, Nam Dinh dugc trinh bay trén Hinh 2.

. Phan logi déi tugng .,

Anh Landsat 2023

A

Phan manh anh

Phan loai huéng déi Anh Landsat 1989,

tuong

.

Théng tin 16p phu dat Khoanh vi cac loai 16p
2023 phu dit nam 2023
[ Phan vang mdu ]

v

Théng tin 16p phu dit cac
thoi diém

2001,2005,

Hinh 2. Quy trinh phan loai 16p phu dat.

L6p pha dét duoc chiét xuat véi 8 d6i tugng, bao gdbm: dan cu, lta va hoa mau, mat nuoe
va séng ngoi, dat tréng, khu nudi trong thity san, rimg ngdp man, ruong mudi, ruéng coi.
Phuong phap phan loai huéng dbi tuong duoc sir dung dé phan loai cho anh Landsat 2023.
Két qua phan loai c6 kiém chimg va danh gia do tin cay thong qua két qua tong hop tir nién
giam thong ké. Lop thong tin 16p phu dat nam 2023 1an luot chong xép 1én anh céc thoi diém
1989, 2001 va 2005 nham hoi ctru lai thong tin 16p phu cac ndm tuong tmg. DY tin cdy thong
tin 16p phu dat cac thoi diém duoc so sanh v6i két qua tong hop tir thong ké theo nién giam
¢ cac nam tuong ung.

2.3. Xdc dinh méi quan hé

Cac phuong phap hoi quy 1y giai duoc mbi quan hé giira bién dong 16p phu dat véi cac
chi s6 ty nhién, kinh té - xa hoi. K¥ thuat nay duoc st dung véi hai muc dich: (1) Giai thich
cac tac nhan gay bién dong; (2) Du bao su bién doi d6 theo khong gian [31]. Dit liéu bién
dong 16p phu, 16p phu dit thuong dugc biéu dién dudi dang dit liéu roi rac (vi du nhu: Lua
chuyén thanh dan cu, lua chuyén thanh nudi trong thity san). Do vay, hdi quy logistic (nhi
phan va da thirc) 1a mé hinh thong ké phu hop.

Trong nghién ctru nay, phan tich hdi quy da bién duoc chay ngau nhién cc diém bang
phan mém SPSS. Bién phu thude la cac cap chuyén d6i 16p phu dat v6i dang dir liéu nhi phan
1a 1 va bién 0 (khong bién dong). Cac bién doc 1ap 1a diéu kién ty nhién co trong Bang 1.

LOQG{&} = Bo + BOXl + ﬁlxz +..+ Bixi 1)

Trong d6 P 1a xac xudt chuyén doi 16p phu dat; X;._.Xi la cac diéu kién ty nhién c6 trong
Béang 1; B, 1a hang s6 hoi quy; B,....B; 1a hé s6 hdi quy tmg véi timg didu kién tu nhién
(Bang 1) ¢c6 c6 tac dong dén timg loai bién dong 16p phu dat.
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Hé s6 hodi quy c6 gia tri 4m va duong thé hién
quan h¢ nghich va thuén cua bién dong 16p phu
dat dbi voi didu kién ty nhién. Hé sé hoi quy co
gia tri cang lon thé hién quan hé giita bién dong
16p pht v6i mdi mot diéu kién ty nhién tuong img
cang chat ché.

Do tinh cdy cua phuong phap hoi quy duoc
danh gia bang hé s6 R? (Nagelkerke R Square)
16n hon 0,2 va dién tich phia dudi duong cong
ROC dat16n hon 0,7 (Error! Reference source n
ot found.). Két qua phén tich bing phuong phap
hoéi quy logistic ddi véi huyén Giao Thuy, Nam
Dinh déu dat yéu cau.

3. Két qua va thao luin

ROC Curve
g
=
.E
o
@
w
029 Dién tich dwéi dwong cong
Dién tich = 0,805
0.0 T T T T
0.0 0.2 0.4 05 08 1.0
1 - Specificity

19

Hinh 4. Buong cong ROC trong danh gia d6 tin

3.1. Bé tin cdy cua I6p phii dat

cay cia phuong phap hoi quy logistic.

Két qua phan loai 16p phu dat tir anh vé tinh Landsat duoc thé hién nhu Hinh 3 duoi day.
Trong do, rudng cdi blen mat tir nam 2001 do chinh sach chuyén ddi co cau kinh té cua dia
phuong, mot dau méc quan trong trong phat trién kinh té - x4 hoi ctia tinh Nam Dinh. Dién
tich dt trong c6i chuyén ddi thanh laa phai 1a nhitng khu vuc duge phan bd & diéu kién thd
nhudng, dia mao va dat ciing can duoc cai tao dé phi hop véi cay lua.
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Hinh 3. Két qua phan loai 16p phu dt tir anh vé tinh.

2240000 2000 2600

2700

234000

Hinh 6 chi ra su twong quan 16n vé sb liéu théng ké dién tich 16p phu dat duoc tong hop
tlr nién giam so vai dién tich thong tin 16p phu dat chiét xuat tir anh vé tinh 13 16n. Tuong
quan 16n nhit d6i voi dién tich dan cu; 1Ga va hoa mau va rudng coi. Pbi tuong rimg ngap
min va khu nuéi trong thuy san c6 twong quan hoan toan ¢ giai doan 1989-2005, sang giai
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doan 2005-2023 thi c6 sy chénh 1éch. Cac dbi twong 16p phu dat con lai c6 twong quan thip
hon.

bat dan cv Pat lua va hoa mau
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Hinh 4. Biéu d6 tuong quan dién tich (ha) 16p phu dit duoc phén loai bing anh vé tinh so véi nién
giam thong ké ¢ khu vuc Giao Thity, Nam Dinh.

3.2. Bién dong 16p phu ddt

L6p phu dat huyén Giao Thuy, Nam Pinh bién dong twong ddi phong ph trén tit ca cac
d6i tugng. Tuy nhién, Hinh 7 chi ra rang cac d6i tuong bién dong trong hai giai doan chinh
1a giai doan 1989-2001 va giai doan 2001-2023. Cac dbi twong 16p phu datco thay d6i khong
dang ké trong giai doan 2001-2023. Trong khi d6, giai doan 1989-2001 cac dbi twong bién
dong kha rd rang, di¢n tich khu dan cu tang tir 4327,59 ha 1én 4631,35 ha. Nguoc voi xu thé
do, dién tich lua va hoa mau lai giam dan tir 10425,16 ha xuéng con 9332,71 ha. Dién tichhai
loai 16p phui dat c6 bién dong 16nd giai doan nay 1a khu nudi trong thity san tang vot tir 243,02
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ha 18n 3248,65 ha cho chinh sach chuyén di kinh té lam dat trdng coi bién mat dé thay thé

cho dién tich trong lta.
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Hinh 5. Biéu d6 thong ké dién tich cac ddi twong 16p phu dat phan loai tir anh vé tinh & huyén Giao
Thuy, Nam Dinh (ha) giai doan 1989-2023.

3.3. Dadnh gia quan hé giita bién dong lop phu dat va diéu kién tw nhién

L6p phu dat ¢ huyén Giao Thuy, Nam Dinh bién dong da dang trén co sé cac diéu kién
tu nhién khac nhau. Tuy nhién, su bién dong do tap trung ¢ bdn loai 16p phi chinh, bao gdm:
bién dong lua va hoa mau, bién dong dat tréng, bién dong ring ngap man va bién _dong khu
nudi trong thily san. Viéc danh gia quan hé gitta 4 nhom chuyén do6i nay voi diéu kién tu
nhién duoc phan tich theo dién tich phan bo trén khong gian dia mao, thé nhudng va dinh
luong bang hé s6 hoi quy (B) ddi véi timg yéu td ty nhién.

3.3.1. Bién dong ltia va hoa mau

Bién dong dat lua va hoa mau
la sy suy giam dién tich dé chuyén
d6i thanh khu nudi trong thiyy san
va dan cu. Bén canh sy gia tang
dién tich rat nho cua laa va hoa
mau tir rudng coi va dat trong, thi
su bién dong dat lua va hoa mau
la su suy giam dién tich theo phan
b khdng gian cac yéu té dia mao.
Sy suy giam nay nham phuc vu
nhu cau dat ¢ va hoat dong nuoi
tréng thily san. Do vay, bién dong
lGa va hoa mauphan b tap trung
I6n nhat ¢ khu vuc DPM3, tiép sau
la DM2 va M35 (Hinh 8).

Hinh 9 chi ra rang, lua va hoa
mau bién d6i thanh khu dan cu c6
quan hé chit ch& voi diéu kién thd
nhudng, thé hién hé s6 hdi quy 16n
tap tap trung & dét cat - con cat (
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Hinh 6. Bién dong dat lua va hoa mau theo thé nhudng va dia
mao giai doan 1989-2023.

B Cc = 4,245), dit phu sa (P Pn = 1,712) dit man it (B Mi = 1,971) véi khu vuc trong dé 1a
chu yéu. Giai doan 2005-2023, kha ning lta va hoa mau bién dbi thanh dan cu xay ra it va
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nho 1¢. Tuy nhién, van tuan theo quy luat ty nhién 14 thich hop véi khu vuc trong dé va bi
han ché & khu vuc DM1 (B pm1 = -0,972).

Bomr=-0,972 Ben=-0,490
Bee- = 4,245 " o . Bwmi=0,023 Khu nudi trong
Dan cu o Lua va hoa mau .
Bui=1, L Bun=0,113 thity san
Beh=1,712 Bosi= 2,275

Hinh 7. Bién d6i lGa va hoa mau trong quan hé véi diéu kién tu nhién.

Trong khi d6 su thay d6i lua va hoa mau d@é 1am khu nudi trong thay san chi tap trung &
khu vuc dat man nhiéu. Xay ra bat dau tir giai doan vai nam dau cuaa chinh sach BOI MOI
(1989-2001), tiép tuc dién ra vao giai doan 2001-2005. Giai doan 1989-2001, gia tri hoi quy
chi ra kha ning xay ra bién dong nay pht hop trén khu vuc dat man nhiéu (B mn = 0,113) va
dat man it (B mi = 0,023). Nguoc lai, khu vuc dit phu sa kha ning lta va hoa mau chuyén
thanh khu nudi trong thity san giam véi hé sé hoi quy am (B ph = -0,490). Bén canh d6, su

chuyen doi nay khong thich hop voi nhiing khu vuc trong d€. Sang giai doan 2001-2005, sy
chuyén d6i ndy x4c suat mo rong sang dién tich phia sat trong dé v6i khoang cach tur dé vao
trong 12 800 m (B pei= 2,275). Tuy nhién, nhimg khu vuc c6 dit man it xac suat chuyén doi

giam.
3.3.2. Bién dong dét tréng

Bién dong dat tréng 1a chuyén doi da dang giita cac d6i tuong 16p phu. Bén canh dién
tich nho dt tréng bién d6i thanh dan cu va lua phan b phia trong dé 1a phan Ion dién tich
dat trong dugc bdi ty, X6 mon, bién ddi thanh rimg ngap man va thanh khu nuéi trong thay
san. Sy chuyén d6i nay chi yéu phan bd theo khong gian dét cat-con cat, dat man nhiéu,
PM4 va PM2 (Hinh 10).
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Hinh 8. Bién dong dién tich dat trong.
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Heé s6 hdi quy trong Hinh 11 chi ra rang, bién dong mat nudc va séng ngoi thanh déat

trbng c6 quan hé thuan v6i dat cat - con cat (P cc = 1,115), khu vue ngoai khoi véi dat min
B mn= 0,985 va khu vuc DM4 (B pva = 3,958). Didu d6 c6 nghia 13 trén cac don vi ty nhién
d6, qua trinh boi tu chuyén mit nude va song ngodi thanh dat tréng sé& gia ting.
Dit trong bién d6i thanh khu nuéi trdng thity san c6 xu thé ting ¢ giai doan nhitng nim Doi
Moi (1989-2001) v6i nhung khu vue ¢6 dat man nhidu (B mn = 0,659) va su chuyén doi nay
s& giam véi khu vuc dat phu sa (B ph= -3,456). Sy bién ddi nay phit hop véi thye té khu vuc
khi c6 chinh sach pha ring ngap mén phuc vu hoat dong nu6i trong thuy san. Bén canh do,
rung ngdp man phat trién tu nhién trén dién tich bii boi (dat trng).

Dt trong chuyén thanh rimg ngdp min qua hai giai doan 1989-2001 va 2001-2005 do
du 4n trong rimg ngdp min cua Pan Mach. Sy chuyen hoa nay c6 quan hé chét ché voi cac
diéu kién tu nhién duy nhat 13 thd nhudng. Hé s6 hoi quy (B cc= 5,599) chi ra rang, trén khu

vuc dat cat va con cat phu hop cho sy tng truong rung ngép man. Sy phat trién ding quy
ludt ty nhién nay chi dién ra trén dién tich dat trong 1a bai boi va dat cat-con cat s& trir khu
con cat trong phi lao.

< . \ Bee=1,115
Matnude v Fo.1,=3,058 Dit trong
song ngol Bwn= 0,985
i
Brh= -3,456 )
BMn=0,659 BCc— 5,599
\ 4

Khu nubi

trdng thiry Rung ngap

san

man

Hinh 9. Quan hé gitra bién dong dét tréng va diéu kién tu nhién.

3.3.3. Bién dong rirng ngap man

Tuong ty nhu bién 200
déng dat tréng' bicn df)r]g " = Mat nudce va song ngdi-Rimg
reng ngap man chu yeéu nglp mén (1989200
phan bé theo khong gian | Z*” ey s S
dat cat - con cat, dat man | £ e o nom e
nhiéu va PM4. Bién dong |~ ™ NI e i song gt Rimg
tap trung hai hudng la suy “ _ o
giam dién tich ring ngap | . i
mén dé nuoi trdng thay san T w M sy pre :
va gia tang dién tich rung 00 -
ngdp min tir dat trbng, mat 700 i oaa a0y ECl - Rome nedp
nudc V%l sﬁng ngol ’ ’ 600 ?ﬁ%;égs?:&%“u nudi tréng thiy

Bién d@ng dat dat tr()ng N = Mt nude vi song ngdi-Rimg ngip

\ <\ A - 2 5 man(2001-2005)

thENll’lh rung ngap man chi E w0 Rimg ngip man - Mat mrde va song
dién ra trong giai doan | °*° sgoi20012009)
2001-2005 va kha nang w0 (oo oy e ne0t - Rime nep min
bi,é'n dong tang trén khu vue 100
dét Cét - 06n Cét (B CC = ’ M1 M2 M3 M4 BMS5 PME BM7 oMa
5,599). Thuc té dét trong tamao

trong su chuyén ddi nay 1a Hinh 10. Bién dong dién tich rimg ngap man.
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cac bai boi ven bo, cura song hodc phia ven rirng ngdp méan. Theo quy luat sinh thai ty nhién,
cac tram tich lang long va hinh thanh cac bai tri€u, bai boi, sau d6 cac cady ngap man ty nhién
s€ moc trén dién tich do.

7 \ Bom2=-20,5
Khu nudi trong Bwmn=0,978 Rung ngap Bmn=0,424 Mit nude va
thlly sdn Boms=1,087 min Ber=6,461 sdng ngoi
\ V)
A Bece= 1,033
Bos= 5,599

[ Pit trong ]

Hinh 11. Quan hé bién dong ring ngap mén voi diéu kién tu nhién.

Bién dong rimg ngap man thanh khu nudi trong thiy san ciing chi dién ra vao giai doan
1989-2001. Pay la giai doan ban dau cua thoi ky d6i méi, khu vuc ven bién chuyén dich co
cau theo huéng phé rimg ngap man dé nudi tom. Sy chuyén doi nay gia tang & khu vuc dat
man nhiéu (P mn= 0,978) va PM4 (B pva = 1,087), 13 noi dap timg dit nhu ciu sinh thai vé do
man ciing nhu kha nang din va luu thong nude trong hoat dong nudi trong thity hai san.

3.3.4. Bién dong khu nuéi trong thity san

Bién dong khu nudi tréng thay san la sy chuyén ddi tir lua, tir rng Ngap man, tr ruong
mudi, tir dat tréng, tir mat nudc va song ngoi. Hinh 12 sau cho thay rang su chuyén doi nay
tap trung chinh & khu vuc dat man nhiéu va DM4. Tiép d6 co6 mot s dién tich nho phan b
su chuyen doi nay trén DM2.

Dat trong, mat nudc 1400
va sbng ngoai bién dong
. . 3 1200
thanh khu nuo1 trong ® Liia vd hoa miu-Khu nuoi tréng
5 5 A \ r thiy san (1989-2001)
thuy Sa‘n thuc Chat l:a qua 1000 = Mt nude va song ngdi-Khu nudi
trinh boi ty. Pat trong ¢ trong thiy sin (1985-2001)

day 13 cic bai bdi khu o o o ot rone thy
vuc cua song. Sau khi
cac bdi bdi duoc hinh
thanh 13 sy dap dé va xay

san (1989-2001)
¥ Liia va hoa miu-Khu nuéi trong
thiy san (2001-2005)

Diéntich (ha)

600

400

dung cac dam nudi tom. 20
Khu vire tqh}Ch hop véi sy , -
chuyén doi nay duogc thé e mi M1 11 g " Phb s

hién véi hé sé hdi quy
duong (Hinh 13), cu thé 50000
trén dét l’l’lé.l’l nhiéu, dét 800.00
cat - con cat, khu vuce bdi 70000
tu va DM4. Nguoc lai,
trén khu vuc dat phu sa

1000.00

W Lia v hoa mau-Khu mudi tréng thiy

600.00 5én(198972001) :

B Mat nuée va song ngdi-Khu nuodi
trong thuy san (1985-2001) |

500.00

Diéntich [ha)

A A N 400.00 Rimg ngap min-Khu nudi tréng thiy -

khong duoc boi hang sin (1989-2001)
o : Y 300.00 ¥ Rudng coi-Khunudi trong thiy sin

nam (BPh = '31456); tiem 200.00 (1989-2001)
nang bién doi dat trong, 100.00 -
mat nudc va song ngoi 000 -

: I N M1 M2 BM3 M4 BM5 M6 M7 M8
thanh khu nuoi trong piamzo

thuy san giam. ) -
Hinh 12. Bién d6ng dién tich nuéi trong thay san.
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Bién dong dién tich nudi trong thuy san tir rimg ngap man tang khi dién ra trén khu vuc
dat man nhiéu (B mn= 0,978) va PM4 (B pma = 1,087) ciing duogc chi rd bang gia tri duwong
trong Hinh 13 vé hé s6 hdi quy. Cing véi dién thé chung ciia giai doan méay nam thoi ky doi
mai (1989-2001), kha nang rudng coi cling dugce bién d6i thanh khu nuéi trong thuy sdn tang
khi xay ra trén khu vuc dat man it (P mi = 3,767), dat man nhiéu (B mn = 6,377), dit phu sa
bdi hang ndm (P prp = 1,115) va DM1 (B pm1 = 0,860). Nguoc lai, kha ning chuyén doi nay
giam trén khu vuc DPM2 (B pm2 = -2,82).

Rudng mudi duoc chuyén ddi thanh khu nuéi trong thay san trong nhimg nim gan day
(2005-2023) do lam mubi khong dem lai thu nhép tot cho diém déan. Hinh 15 vé hé sé hoi
quy trén chi ra rang kha ning chuyén d6i nay chi ting va phu hop trén nhitng khu vuc dat
man nhiéu (B mn= 21,491) va khu vuc ven bd v6i khoang cach t6i dudng bd vé phia dit lién
800m (B pB1 = 1,099).

Bowi=1,665
Rudng mubi Bue=21.491 Bun=1997 ( Mit nuéc va
Boei=1,099 oo L sng ngoi
( Khu Ber=0,533
Brn= 0,490 nudi
Lua va hoa P=0023 trong By, = -3,456 Pit trong
AL B, =0,113 thiy B, =0,659
By, = 2,275 :
san
\g
Bumi=3,767
Rimg ngap W Bwn=0,978 PBwn=6,377 ( . B
man J Boms=1,087 Berb=1,115 L Rugng cO }
Bowi=0,860
Bowz= -2.82

Hinh 13. Mi quan hé giita bién dong khu nudi trong thuy san vai diéu kién tu nhién.

4. Két luén

Lop phu dat phan loai tir anh vé tinh Landsat c¢6 d6 tin cdy cao khi so sanh tong hop véi
nién giam thong ké. Bién dong 16p phu tap trung & bién dong lua va hoa mau, bién dong dat
tréng, bién dong rimg ngap man va bién dong khu nudi trong thuy san.

Hoi quy logistic dugc lya chon dé danh gia quan hé gila bién dong 16p phu dét va diéu
kién ty nhién. Dé danh gia do tin cdy cia phuong phap hoi quy logistic, bai bdo dua trén
thong s R? va duong cong ROC. Gia tri R? clia cic giai doan déu dat mirc 16n hon 0,2 va d6
tin cay duoc danh gia bang ROC ciing dat hon 0,7. Piéu niy khang dinh ring bién dong céc
loai 16p phu dét khu vuc Giao Thuy, Nam Dinh c6 mbi quan h¢ chat ché véi dia mao, thd
nhudng, bién dong duong bo va khoang cach téi dudng bo.

Bién dong laa va hoa mau co6 mdi quan hé véi nhém yéu t6 thd nhudng va dia mao.
Trong giai doan gan 34 nim (1989-2023), kha nang chuyén d6i ddi tuong lta va hoa mau
thanh dan cu tang trén khu vuce dat con cat co, dat phu sa va dia mao bé mit tich ty song, bién
- dam lay tudi hién dai Q28 bé mit tich tu bi triéu tudi hién dai Q22 véi khu vuc trong dé do
nén dét chic, thuan loi cho viée xay dung cac cong trinh xay dung nhu nha ¢, chuéng trai....
Trong thoi diém do, trén khu vuc dit man it va dit man nhiéu & phia ngoai hoac trong sat de,
xac suét lua va hoa mau bién ddi thanh khu nuéi trong thily san sé ting. Sy chuyén ddi nay
ngoai viéc dem lai hiéu qua kinh t&, ma con phu hop véi quy ludt tw nhién véi cac loai thiy
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san yéu cau do man va kha nang dan nudc man vao dam phuc vy cho qué trinh sinh trudng
va phat trién cta hé sinh thai thuy hai san ven bién.

Su chuyén ddi gila dat trong va mit nude va song ngdi 13 sy bdi tu va qua trinh nay co
quan hé¢ chat ché voi dat cat - con cat, khu vuc ven bo va ngoai blen do su van chuyén, ling
dong c4c tram tich tir cic con séng. Vi vdy, sy chuyén ddi ndy xuét hién tap trung & cic cira
song 16n nhu ctra Ba Lat, cra Thai Binh. Bén canh do, dat tréng chuyén ddi thanh mot sb
loai cay ngap man va d4t 1am mudi lai c6 mdi quan hé twong hd véi d4t man nhiéu do dic
tinh sinh thai ctia cdy ngap min chi xuit hién trén khu vue dat man.

Bién dong rimg ngép man va khu nudi trong thily san c6 quan hé mat thiét véi khu vuc
man nhiéu, PM4, khu vuc cdn cat va khu vuc boi tu.

Nhin chung, sy bién dong cac loai 16p phu dat o khu vyc Giao Thuy, Nam Dinh tép trung
v6i cac dbi tugng ven bién va ngoai blen phia bi triéu. Bién dong 16p phu dat & khu vuc nay
da dang va phuc tap nhitng van phat trién trén co sé quan hé véi diéu kién ty nhién. Yéu to
nhan sinh 13 yéu t6 tac dong manh mé dén sy blen dong lop phu dat con 1a han ché trong bai
b&o nay. Trong nhitng nghién ctru twong tai, su tong hop day du yéu to vé ty nhién va nhan
tao s¢€ la gidi phap hoan thién dé phuc vu dinh hudng quy hoach str dung dét bén virng.

DPong gop cua tac gia: Xay dung y tuong nghién ctru; Thu thép, xt ly s6 liéu; Phan tich két
qua; Viét ban thao bai bao; Chinh sura bai bao: P.T.L.

Loi cam doan: Tac gia cam doan bai bao nay 1a cong trinh nghién clru cua tac gia, chua
dugc cong bo & dau, khong dugc sao chép tir nhitng nghién ctru trude day.
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Assessing the relationship between land cover changes and natu-
ral condition using remote sensing and logistic regression: A case
study in Giao Thuy District, Nam Dinh Province

Pham Thi Lan'*
! Hanoi University of Mining and Geology; phamthilan@humg.edu.vn

Abstract: Land cover changes impact the living conditions of humans and organisms. Land
use changes are the result of interactions between natural and human factors. Therefore,
studying land cover changes is a multidisciplinary field, encompassing economics,
sociology, and geography, including remote sensing and GIS. The objective of this paper is
to use remote sensing and logistic regression methods to spatialize and quantify the
relationship between land cover changes and natural conditions in Giao Thuy District, Nam
Dinh Province. Landsat images were used to extract land cover information for the periods
1989, 2001, 2005, and 2023 using an object-oriented approach combined with sample-based
segmentation. The focus of land cover changes includes changes in rice and crop lands,
barren lands, mangrove forests, and aquaculture areas. Natural conditions were determined
in relation to land cover in the Giao Thuy area, including erosion, saccretion.
geomorphology, soil type, and distance to the shoreline. This relationship was represented
spatially using GIS overlay functions and quantified through a logistic regression model.
The results indicate that land cover changes vary under different natural conditions and have
different positive or negative correlations depending on the regression values. These
findings provide useful insights for policymakers in regulating the use and exploitation of
natural resources.

Keywords: Land cover; Nature features; Remote sensing; Logistic regresstion.
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Tém tat: Viét Nam la qudc gia ven bién véi dudng bo bién dai, vang bién rong dan dén cac
tai nan, su cb trén bién xay ra thudng xuyén, nhat la trong diéu kién chiu anh huong cua
bién d6i khi hau. Bai bao nay trinh bay két qua xac dinh khoang cach hiéu dung trong tim
kiém, ciru nan trén bién ¢ khu vuc vinh Bac Bo trén co sé phuong phap md hinh hoa va dir
liéu GIS. Trong nghién cuu, cac 16p dix liéu bao gom: (1) dix liéu tau tim kiém, cau nan; (2)
toc do gio diéu chinh (3) anh lay gio; (4) gia téc trong truong va (5) ban dd do sau duoc sir
dung dé xac dinh thoi gian phan hoi trong tim kiém, ctru nan trén bién. Ba kich ban véi diéu
kién thoi tiét va dac diém tau tim kiém, ciu nan khac nhau duoc thir nghiém dé xay dung
ban do khoang cach higu dung trong tim kiém, citu nan trén bién. Két qua nhan dugc trong
nghién ctru cung Cap thdng tin quan trong, gitp cac luc lugng chirc nang xay dung cac
phuong an tim kiém, ctru nan phu hop tiy theo diéu kién thoi tiét, trang thiét bi cu thé.

Tir khoa: Tim Kiém - cttu nan; Khoang cach hiéu dung; GIS; M6 hinh hoa; Vinh Bac Bo.

1. Mé dau

Viét Nam c6 bo bién dai hon 3260 km, trai dai tir Bic xuéng Nam v&i hang nghin hon
dao, dac biét c6 hai quan dao Hoang Sa va Trudng Sa trén Bién Pong. Vung bién Viét Nam
c6 dién tich trén 1 triu km?, dong vai tro vo cling quan trong trong phat trién kinh té, dam
bao an ninh, qudc phong va giao thong hang hai d6i voi nudc ta [1]. Do dién tich vung bién
rong, véi nhiéu tuyén van tai bién qudc té, trong nude va cac tau khai thac tai nguyén, danh
bat ca nén dé xay ra cac tai nan trén bién, nhat la trong diéu kién chiu anh huong cuaa thién
tai. Hon nita, nhiing thién tai trén bien thuong xay ra dir doi, bat ngor dan dén nhiing kho khan
rat Ion trong cdng tac tim kiém, ctru nan. Cong tac ctru nan hang hai do1 hoi tinh khan cép va
yéu cau vé phuong tién, thiét bi, nhan luc cao trong khi viung bién dai, trai rong.. .Voidac thu
khu vuc bién, viéc xac dinh sém vi tri can té chac tim kiém, cttu nan ciing nhu tiép can khu
Ve can tim kiém clru nan gap rat nhidu kho khan. Piéu nay anh huong rat 16n dén hiéu qua
cling nhu kha nang tim kiém, ciu nan, lam giam hiéu qua trong cong tac ung pho vai thiét
hai do thién tai gay ra. D& phuc vu cong tac tim kiém, ciru nan trén bién, viéc tmg dung cong
ngh¢ dia khong gian da duoc ép dung hiéu qua ¢ nhiéu nudc trén thé gisi, dic biét la ¢ cac
quoc gia phat trién, 1am chu cac cdng nghé nhu hé théng vé tinh dinh vi toan cau va cac hé
thng vién tham. Nhiéu nghién ctru da phat trién cac md hinh nham xac dinh vi tri xay ra su
cb trén bién, tinh toan thoi gian téi tuu trong tim kiém, ctru nan dwa trén cac dir liéu vé dong
chay, téc d6 gio, do cao song bién...[2, 3].
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Xac dinh khoang cach hiéu dung, hay ban chat 1a xac dinh thoi gian phan hdi (response
time) tir lac nhan duoc théng tin khan cip dén diéu dong tau va té chic ang phé su ¢ la mot
van dé rat quan trong, anh huéng I6n dén qua trinh 1ap ké hoach va hiéu qua cong tac tim
kiém, ctu nan trén bién. Nghién cuu [4] da s dung cong nghé GIS trong Xac dinh thoi gian
phan hoi trong cdng tac tim kiém, ciru nan véi cac su ¢d do hoat dong chéo thuyén & vinh
Phan Lan. Trong nghién cttu nay, phuong phap md hinh hoa duoc ap dung dé tinh thoi gian
phan héi cho toan bo khu vuc nghién ctiu bang cach sir dung cac thong tin nhu dit liéu s ¢4,
ddc diém tau tim kiém, ctu nan, kich ban vé chiéu cao song bién, gi6 bién. Nghién ctru [5]
phat trién mot mo hinh trén nén tang GIS dé tinh toan quang duong va chi phi trong ciu nan
trén bién sir dung cac thong tin nhu huéng gio, hudng song (swell direction), chiéu cao séng
bién ciing nhu dic diém tau ciu nan. Nghién ctu [6] da dé xuat mot mo hinh lai két hop tdi
wu hoa va md phong dé phan bd may bay truc thing phuc vu tim kiém, ciu nan trén bién.
Phuong phap md hinh héa ciing duoc sir dung trong nghién ctu [7] nham xac dinh tuyén
duong tiép can khu vuc xay ra su ¢, giup giam thiéu thoi gian tiép can bang may bay dwa
trén cac l6p thong tin nhu do bén cla may bay, muc tiéu thu nhién liéu, tai trong, trong luong
cat canh va ha canh, ning luc sin bay dé khai thac cac loai may bay khac nhau. Nghién ciru
[8] d4 phat trién mat md hinh xac dinh thoi gian phan hoi cia tau ciru hg nham danh gia kha
nang tim kiém, ctru nan hang hai & khu vuc Bién Pong, tap trung vao 4 quéc gia gom Trung
Qudc, Viét Nam, Malaysia va Philippin. Nghién ctru [9] dé xuat mot khung mé hinh hoa dya
trén tac nhan (ABM - Agent Based Modelling) dé danh gia hiéu suét cua cac hoat dong tim
kiém, ciu nan (SAR) nham giai quyét nhimng thach thirc lién quan dén diéu kién thoi tiét o
Bic Cuc. Phuong phap m6 phong Monte Carlo dugce sir dung dé mé hinh héa dong luc va sy
khong chic chan cua diéu kién thoi tiét va bién bang cach stir dung dir liéu lich st. Sau do,
quy trinh danh gia cta chuyén gia s& duoc sir dung dé dinh luong tac dong ctia cac muc do
nghiém trong d6 ddi v4i hoat dong cia lyc luong ctru hd ciing nhu téng thoi gian ctru hd.

Tai Viét Nam, cho dén nay da c6 mot sé nghién ciru tng dung cong nghé dia khong gian
va cac ki thuat mé hinh héa phuc vu cong tac tim kiém, ciu nan. Cac nghién ciu nay tap
trung vao cac hudng chinh nhu: (1) phat trién cac thuat toan, phuwong phap nhan dang ddi
tuong can tim kiém, ciu nan trén anh vién tham [10, 11], (2) xay dung co s dit liéu phuc vy
cong tac tim kiém, ciu nan [12—14] va (3) ung dung vién tham va GIS trong xay dung hé
théng canh bao sém nguy co thién tai, phuc vu tim kiém, cttu nan [15]. C6 thé nhan thay, sé
luong cac nghién ciru trong xay dung cac md hinh hd tro cong tac tim kiém, ctu ho trén bién
& Viét Nam con kha han ché, ca vé s6 luong ciing nhu két qua dat duoc. Phan Ién cac nghién
Clru Ny MGi tap trung & dé xuat cac mo hinh hd trg cong tac tim kiém, cau ho hoac phat trién
cac thuat toan dé nhan dang di tugng trén bién. Chwa c6 nghién ciru nao sir dung céac dix liéu
dia khdng gian va dir liéu vé khi tuong, hai van nham md hinh hoéa thoi gian phan hai trong
qua trinh tim kiém, ctru ho.

Nghién ciru nay trinh bay két qua xac dinh khoang cach hiéu dung trong tim kiém, ciu
nan trén bién bang dir liéu GIS va phuong phap mé hinh héa. Cac 16p dir liéu dau vao vé tau
tim kiém, ciru nan; téc do gio diéu chinh, anh Iy gio, gia téc trong truong, d6 sau day bién
duoc st dung dé tinh thoi gian di hét mot don vi khong gian (pixel anh), tir d6 xac dinh thoi
gian phan héi trong tim kiém, ctu nan trén bién.

2. Dir ligu va phuong phap nghién ciru

2.1. Gidi thiéu vé khu vuee thue nghiém

Vinh Bic B¢ ¢ phia Tay Bic cua Bién Pong, nam gitra Viét Nam va Trung Quéc la mot
trong nhitng vinh nudc man Ién trén thé gigi vai dién tich khoang 126.250 km?, chiéu ngang
rong nhat khoang 310 km va hep nhit khoang 207 km. Doc theo bd Vinh Béc Bo bao gom
10 tinh, thanh phd ctia Viét Nam va hai tinh cta Trung Qudc véi téng chiéu dai khoang 1458
km [1] (Hinh 1) (website: https://vdstravel.vn/). Vinh Bic Bo ¢6 ngudn tai nguyén bién da
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dang vé6i nhiéu ngu trudng 16n, ¢6 tiém ning vé dau mo va khi dét. Vinh Bac Bo c6 d6 sau
trung binh 50 m v6i diém déy bién sau nhét 1a 107 m. Dia hinh ddy vinh phan 16n c6 goc dbc
nho hon 5°, phan con lai it khi t61 10-30 v6i cac tring dang tuyen cit qua cac dudng ding.
Bén canh d6, cac ddi ngam da Bé Tam va cac dé cat ngdm xuét hién dudi day vinh [16, 17]

Véi dac diém trén, Vinh Bic Bo ¢o tim quan trong dac biét d6i v6i qué trinh phat trién
kinh té, giao thuong quoc té va dam bao qudc phong, an ninh cia nude ta. Vinh Bic Bo la
mét trong nhitng tuyén duong hang hai quan trong trén thé gidi voi giao thdng hang hai nhon
nhip, cac tai nan hang hai, sy o moi truong dién ra rat phuc tap, nhat la trong diéu kién anh
huong cua bién doi khi hau. Vung bién vinh Bic Bo va cac khu vuc ven bién thuong xay ra
cac hién tuong thién tai bao gém bio, 1d, triéu cuong, mua 1on, thoi tiét nguy hiém trén bién
va cac anh huong cia thién tai nhu séng, nude dang do bao, ngép lut, boi lang, x01 16, xam
nhap min dén qué trinh phat trién kinh té - xa hoi trong khu vuc. Theo théng ké tir trong giai
doan 1961-2014, Viét Nam chiu anh hudng cua 364 con bio, trong d6 tan sé bao anh huéng
giam dan tir Bac va Nam. Khu vuc tir Quang Ninh dén Thanh Hoéa c6 tan sb bao anh huong
I6n nhét trén ca nuéc véi hon 2 con bio/nam [18]. Bén canh dé, cac hé thdng sdng db ra bién
& vinh Béc Bo ciing chiu anh huong cua | thuong ngudn, mua 16n, tridu cuong, séng 16n va
nudc dang do bao [19].

TUYEN QUANG
YENBAI

THAI NGUYEN =1
el whiovone %
HOABINK HAIPHONG
HUNG YEN =
VIETNAM | msw Viing bién :
LAO iy "," phia Trung Quoc
= & X > Trung Quéc
THANHHOAY,_] Vung bién A
v phia Viét Nam WML
§s £ Lo
— DAO HAINA

Blén Déng A S Quin ddo Hoang Sa
(w 0¥ Ning)

Théilan .

Bién Dong
Campuchia

\ o J
QUANG BINH(. Pha Quéc

Thé Chu Quén ddo Jrudng S3
(Tinh Khanh Hoa)

THAI LAN Z

Hinh 1. Khu vuc nghién ctu.

2.2. Dir liéu sur dung

Trén co so danh gia tong quan vé diéu kién ty nhién, khi hau khu vyuc vinh Bic B6 ciing
nhu hién trang ngudn dit liéu va kinh nghiém tir cac nghién ctu trén thé gidi, trong bai bao
da xay dung bo dir liéu dau dé tinh toan khoang cach hiéu dung hd trg céng tac tim kiém, ctu
nan trén bién. Bo dit liéu dau vao bao gom 5 16p thong tin: (1) Dit liéu tau tim kiém, ctu nan;
(2) téc do gio diéu chinh; (3) anh lay gio; (4) gia toc trong truong va (5) ban dd do sau.

+ Dit ligu tau tim kiém, ctru nan (tau SAR). Dt ligu c4c tau tim kiém, ciiu nan (tau SAR)
duoc thu thap tai Cuc Ctru hd ciu nan, Bo Quéc phong (lay tir bang danh muc tau tim kiém,
ctru nan do S& chi huy/Cuc Cau hd ciru nan cung cap ndi bo) (Bang 1), bao gom tau TS 01
cua Quan chung Hai quan, tau CN-09 cua Bo doi Bién phong (B Quéc phong) va tau KN-
579 cua Cuc Kiém ngu (B6 Nong nghiép va Phat trién nong thon). Pac diém cac tau SAR
(van téc, tim hoat dong) duoc thé hién trong Bang 1.
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Bang 1. Thong s6 lyc lugng tau tim kiém ctru nan trén bién.

) Vin toc .
Pon vi S0 hi¢u (Hai ly/gio) Tam hoat dong (Hai ly)
Vit Vmax
Hai quéan TS: 01 10 12 4000
Bién phong CN-09 20 22 v flr(‘)glj{ ny
KN-579 22 25 13 ngay

Cuc Kiém ngu

+ Dé xac dinh 16p dit liéu téc do gio hiéu chinh, thong tin dau vao bao gém huéng gio,
téc do gi6 phd bién va thoi gian xuat hién ¢ khu vuc thuc nghiém. Hudng gio (tir 0° d¢én 360°)
duogc xac dinh 1a hudng gio trung binh theo thang hoac khoang thoi gian lua chon [20]. Thoi
gian xuat hién 1a ngay xay ra hudng gio va téc do gié d6. Tham sd thoi gian duoc dinh nghia
dudi dang dd-mm-yy (vi du: 061021, ¢6 nghia 1a ngay 06 thang 10 nam 2021) [21, 22].

+ Lop dit liéu lay gio (wind fetch) dugc xay dyung tir théng tin vé hudéng gié va ranh gidi
dat lién - mat nuéc. Lay gio (wind fetch) duoc dinh nghia I khoang cach lién tuc ma gié thoi
trén mat nude, khong bi anh huéng bai dia hinh hodc cac vat can khac. Thong tin vé dit lidu
ldy gié duogc tinh bang khoang cach theo dudng thang tinh tir vi tri quan tAm dén vi tri xa
nhat ma gi6 thoi lién tuc trén mat bién. Hay noi cach khac, 1y gi6 1a khoang cach khong bi
can tré ma gio c6 thé di chuyén trén mit nudc theo mot hudng khong ddi. Khoang cach 13y
gi6 cang dai s& dan dén chiéu cao song 16n hon. M6 hinh cua Cuc Khao sat dia chat Hoa Ky
(USGS) cung cap ba phuong phap khac nhau dé tinh toan di liéu lay gid, bao gdm don, SPM
han ché va SPM [23]. Ranh gi6i dét lién - mit nudc duoc xay dung dua trén dir liéu vector
khu vuc nghién ciru va bién, sau d6 chuyén déi vé dinh dang raster theo d6 phan giai khdng
gian phu hgp (dam bao qua trlnh tinh todn khéng bi tran bo nhé) [24]. Trong nghién cau, do
phan giai khong glan duoc lay 1a 100 m x 100 m, trong d6 ddi twong mat nudc cb gia tri 0,
déi twong dat lién c6 gia tri 1.

+ Gia tc trong truong la mot yéu td c6 anh hudng dén chiéu cao song bién [25]. Trong
nghién ctru nay, gia toc trong trudng duoc sir dung mic dinh 1a 9,82 (m/s?).

+ L&p dit lidu vé do sau duoc xay dung dya trén dit liéu diém d6 sau két hop véi thuat
todn noi suy khong gian nhu IDW, Kringing hay Spline [26—28].

2.3. Phuong phap nghién cuu

Tim kiém, ctu nan la hoat dong thudng duoc tién hanh trong diéu kién thoi tiét kho
khan, nguy hiém, dia hinh khu vuc gap thién tai, sy cé phuc tap, kho tiép can. So véi tim
kiém, ctru nan trén dat lién, hoat dong tim kiém, ciru nan trén bién con gap nhiéu kho khan,
thach thtrc 16n hon do dic thi khu vuc vang bién. Cong nghé GIS vai wu diém ndi bat trong
phan tich, xir Iy dir liéu khong gian 1a mot phuong phu hop trong xay dung cac md hinh hd
trg cdng tac tim kiém, ciru nan trén bién. Cac thuat toan phan tich khong gian trong GIS cho
phép sir dung da 16p dir liéu dau vao vé diéu kién tu nhién, thoi tiét, song bién...dé md hinh
hoa va hd tro ra quyét dinh trong tim kiém, cau nan trén bién [2-6].

Tir bo dir lidu dau vao bao gdm 5 16p thong tin: (1) Dit liéu tau tim kiém, cau nan; (2)
téc do gié didu chinh (3) anh lay gio; (4) gia toc trong trudng va (5) ban dd do sau, trong
nghién cau nay da s dung cong nghé GIS dé md hinh hoa va xac dinh khoang cach hiéu
dung trong tim kiém, ciru nan trén bién khu vuc vinh Bic Bo. So do quy trinh xu ly dir liéu
nham xac dinh khoang cach hiéu dung trong tim kiém, citu nan trén bién khu vuc vinh Bic
Bo dugc thé hién trén Hinh 2.

Qua trinh tinh toan cac I6p dit ligu dau duoc thyc hién nhu sau:

+ Ly gi6 (wind fetch) dugc tinh theo phuong phap SPM [4, 23]. Trong phuong phap
nay, dir liéu anh lay gio chi dugc tinh trén phan dién tich cua d6i tuong nudc, khong tinh
d6i voi cac khu vuc dat lién. Anh dbi tuong dat lien-nudc mat dugc sir dung dé xac dinh
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vi tri khoi dau va vi tri két thic ciia méi huéng gid can phan tich. Vi tri nay chinh 1a phan
giao gitra doi tuong dat lién va nuwdc mat. Sau khi tinh toan duoc dix liéu lay gio, dir liéu nay
dugc st dung cho tinh toan chiéu cao séng hiéu chinh.

Dit lidu tau, tdc do Thoi gian di hét 1 don |
tau theo do cao vi khong gian

Téc do gio didu | — —
chinh Thm' gian phan hoi
tim kiém va clru nan

Hudng gio
Anh lay gi6 —
Anh dbi twong dit Chiéu cao song hiéu
lién — nude mat chinh

Gia tbc trong
truong

PPN Vi tri tram ctru can ctru
Ban do6 do sau — h6 —

Hinh 2. Quy trinh xtr 1y dit liéu phuc vu tinh toan khoang cach hiéu dung trong tim kiém, ciru nan trén bién.

+ M hinh tinh toan chiéu cao séng hiéu chinh véi cac cang thirc dudi duoc lay tir SO
tay k¥ thuat bo bien (USACE) [29, 30]:
C, ~0.001x (1.1+(0,035x U ,))

U* — (Cd)1/2 % U/_\

x(gxx) / (U.)? (1
Humo = A, * (x)™

2
HmO = Hmo x Us.

g

Trong d6 Ua la :[60 d6 gio duoc diéu chinh (m/s); z 1a do cao quan sat dugc cia téc do
gio (s); tla so gidy dé di dugc mot dam; Cq 1a hé so luc can; U= 1a van toc ma sat; A1 = 0,0413,;
M1 = %; Hmo 12 chiéu cao song c6 ¥ nghia khong thir nguyén; Hmo Ia chiéu cao séng dang ké
(m); x ly gi6 khong thir nguyén; x: lay gi6 (m); g Ia gia toc trong truong (9,82 m/s?).
Thoi gian di hét mot don vi khong gian duoc tinh cho tau tim kiém, cau nan theo md
hinh cia USACE nhu sau [30]:
S A e - A : S . A et a . .
bau tién tinh thoi gian khdng hiéu chinh: t=— véi s 1a d6 phéan giai khdng gian, v la
%

téc d6 cua tau. Sau do, tién hanh chia cac khoang do cao séng véi cac van toc khac nhau, mdi
d6 cao song tinh toan cac tham so:

__ 4t
wh, —wh, (2)
b wh, xt, —wh, xt,
wh, —wh,
Khi d6, thoi gian di hét 1 don vi khong gian duoc tinh bang:
t=whxa+b 3)

v&i wh la do cao song, avab 1an luot 1a cac tham sb ung véi do cao wh.

Cudi cung, thoi gian phan hoi tim kiém va ciru nan duoc tinh toan theo khoang cach hiéu
dung voi dau vao 1a vi tri cac tram ctru nan ciru hd va dit lidu thoi gian di hét mot don vi
khong gian.
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3. Két qua nghién ctru va thio luin

3.1. Két qua xay dung cdc 16p thdng tin thanh phan

Dé xay dung I6p di liéu tau tim kiém, ciu nan trén bién, trong nghién ciru thir nghiém
vé6i 03 loai tau sau: TS-01 (Quan chang Hai quan), van téc téi da 12 hai Iy/gio; CN-09 (Bo
do6i Bién phong), van toc ti da 22 hai Iy/gio va KN-579 (Cuc Kiém ngu, B6 Nong nghiép va
Phat trién néng thon), van téc téi da 25 hai Iy/gio. Tai khu vuc thir nghiém, d6 cao song thu
thap duoc khong vuot qua 4 m. Do song bién cang cao, van t6c tau cang thap, tir dac diém
nay trong nghién ciru, cAc tac gia da gia dinh van tdc tau c6 sy thay ddi, giam dan voi cac do
cao song khac nhau nhu trong Bang 2. CAc gia tri gia dinh nay duoc lay qua tham khao mot
s6 can b lyc lugng Hai quan, trong d6 khi song bién cao 4m céc tau thuong ha neo va khong
di chuyen.

Bang 2. Van tdc tau thay doi voi cac do cao song khac nhau (hai 1y/gio).

Tau Van téc tau (hai ly/gio)
Chiéu cao séng (m TS-01 CN-09 KN-579
0 12 22 25
0,5 12 22 25
1 10 20 22
2 18 20
3 8 16 18
4 14 16

Tiép theo, trong nghién ciru tién hanh tinh toan thoi gian tau tim kiém, ciu nan di hét
mét don vi khdng gian (100 m x 100 m). Vi s liéu véan tdc tau thay d6i dua trén cac do cao
song khac nhau ¢ Bang 2, thoi gian dé mot don vi tim kiém ctru nan trén bién di hét mot don
vi khong gian dugc tinh toan trong Bang 3.

Bang 3. Thoi gian tau di hét mot don vi khong gian véi cac chiéu cao song khac nhau (s).

X Tau Thoi gian di hét 1 don vi khong gian (s)
Chiéu cao song (m TS-01 CN-09 KN-579
0 16,20 8,84 7,78
0,5 16,20 8,84 7,78
1 19,44 9,72 8,84
2 21,60 10,80 9,72
3 24,30 12,15 10,80
4 21,77 13,89 12,15

Sau d6, cac tham s a va b trong phuong trinh t = wh xa + bduya trén cong thire (3) dugce
tinh toan, phuc vu cho qua trinh xac dinh thoi gian phan hoi & cac bude tiép theo. Gia tri cac
tham sbavab turong Ung voi cac tau tim kiém, ctru nan (TS-01, CN-09, KN-579) dbi véi
mdi khoang chiéu cao séng dugce tinh todn trong Bang 4.

Pic diém vé hudéng gio khu vuc vinh Bic Bo duoc thu thap tir Atlas Piéu kién Tai
nguyén va Moi trudng ving bién Viét Nam [31]. Bang 5 cung cap thong tin chi tiét vé tan
sudt cac hudng gi6 tai Vinh Bic B0, trong d6 gi6 thdi tir phia Pong Bic va Bic chiém ti 16
cao hon so voi cac huong khac. Sy phan b6 nay cho thdy mot xu hudng gi6 rd rang tai Vinh
Bic B0, diéu nay co thé anh huong 16n dén cac hoat dong hang hai cling nhu qua trinh t6
chuc cdng tac tim kiém, ctu nan trong khu vyc. Tur dac diém ‘nay, trong nghién ctu da sir
dung hudng gié véi khu vuc vinh Bac Bo la cac hudng Pong Béc, Bac va Nam trong 03 kich
ban thu nghiém.
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Bang 4. Cac tham sb a va b ing voi cac don vi thuc nghiém ddi voi mdi khoang chiéu cao song khac nhau.

TS-01 CN-09 KN-579
Chiéu cao séng (m) a b a b a b
0-0,5 0,00 16,20 0,00 8,84 0,00 7,78
0,5-1 6,48 12,96 1,77 7,95 2,12 6,72
1-2 2,16 17,28 1,08 8,64 0,88 7,95
2-3 2,70 16,20 1,35 8,10 1,08 7,56
3-4 3,47 13,89 1,74 6,94 1,35 6,75

Bang 5. Tan suit hudng gi6 thu thap tai Vinh Bic B [31].

Hudng gié Goc Tén suiit Phin trim
Pong Bic 45° 20 17,39%
Bic 0° 18 15,65%
Nam 180° 16 13,91%
Tay Béc 315° 16 13,91%
Pong Nam 135° 14 12,17%
Tay Nam 225° 12 10,43%
Déng 90° 10 8,70%
Tay 270° 9 7,83%

De xay dung l6p dix ligu vé toe do gio diéu chinh can thu thap cac dix liéu lién quan dén
tan suit xuat hién cua cac Cap d6 gi6 bién khac nhau tai khu virc nghién ctru, tir d6 lya chon
cac toc do gio phd bién dé xay dung kich ban thir nghiém. Bang 6 biéu dién tin suit xuat
hién cuia cac cap do gid bién khac nhau do dugc tai Vinh Bic B tir thong tin thu thap tai
Vién Han 1dam Khoa hoc va Cong nghé Viét Nam.

Bang 6. Tan suit tbe d6 gio thu thap tai Vinh Bic Bo.

Toc d9 gi6 Tén suit Phin trim
(m/s) (x 4696 1an) (%)
1-5 20 17,39
6-10 38 33,04

10-15 48 41,74
> 15 9 7,83

BIENDONG
2 2z

BIENDPONG o
9 LAY GIO - 2700 = n
g (m

£z 3 i < ¥ £
—— z
£ ¢ Al <
BIEN DONG |-
g £
&l £
" L\ GIO - 315° 0
)
a0

[~ z

g

o
i

Wewk | WiWL  WseE Wl e WEUE WruE 8L WUE | LOoL .

£

e m 3 2
e — Ko E T iy —

Hinh 3. Két qua xéac dinh 16p dit liéu lay gi6 (wind fetch) voi cac hudng gié khac nhau.

Trén cac hinh 3 trinh bay két qua xay dung I6p di ligu lay gio véi cac huong gio khac
nhau, bao gom: 0° 45°, 90° 135° 180° 225° 270° va 315° Phuong phip SPM (Shore
Protection Manual) duoc lua chon dé tinh toan 16p dir liéu lay gio.
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Hinh 4 biéu dién dit liéu diém do sau thyc té thu thap tai khu vuc Vinh Bic Bo. Dir liéu
bao gdm 1180 diém véi do sau tir 0,1 m dén 96 m. Tiép theo, trong nghién ctru da lua chon
su dung thuat todn ndi suy Spline dé tao ban dd do sau dang raster nham xay dung dir li¢u
dau vao cho mo hinh tinh toan chiéu cao séng. Pay 1a phuong phap noi suy duoc st dung
phd bién trong xay dung dir liéu vé dia hinh, nhat la dia hinh day bién, tao ra bé mat muot
ma va c6 do chinh xac cao. Dit liéu do sau dang raster dwoc hién thi trong Hinh 4, trong d6
d6 sau khu vic nghién ciru c6 gia tri tir 0,1 m dén 96,2 m.
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Hinh 4. Két qua xay dung 16p dit liéu d6 sau day bién bang phwong phap noi suy Spline.
3.2. Xay dung cac kich ban the: nghiém

Trong nghién cau, cac tac gia da xay dung 03 kich ban thu nghiém véi cac thong tin
khac nhau vé tau tim kiém, ciru nan cling nhu dac diém diéu kién thoi tiet.
) a) Kigh ban 1: Su dung tau TS-01 cua luc lwong Hai quan trong tim kiém, ctru nan. Thoi
tiet troi nang, gio thoi hudng Bac (0°), toc do gid 1a 5 m/s.
Trén hinh 5a trinh bay két qua xay dyng lop dir liéu chiéu cao song bien khu vuc nghién
cuu. Co the nhan thay, trong kich ban 1 khi thoi tiet thuan loi, gio nhe, chiéu cao song bien
khu vuc vinh Bac B dat thap, chia yéu duéi 1 m. Khu vuc ven bo ¢é d6 cao song bién tir 0
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Hinh 5. Két qua tinh chiéu cao song bién va thoi gian di hét mot don vi khong gian ciia tau SAR (kich ban 1).

dén 0,5 m; trong khi véi khu vuc xa bo, do cao song bién dat tir 0,5 dén 1 m. Tir két qua nay,
trong nghién ctru da xac dinh thoi gian dé tau tim kiém, ciru nan di hét mot don vi khdng gian
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(kich thude 100 m) dbi véi kich ban 1 (Hinh 5b). C6 thé nhan thay, véi kich ban 1 (diéu kién
thoi tiét tét, toc d6 gio6 bién 5 m/s), thoi gian dé tau tim kiém, ciu nan TS-01 cua luc luong
Hai quan di hét 01 don vi khong gian anh (100 m) nam trong khoang tir 16,2 gidy dén 17,44
gidy. Thoi gian phan hoi thap tai khu vuc gan bo (do cao song bién tir 0-0,5 m), ting dan vé
phia xa bo khi d6 cao song bién nam trong khoang tir 0,5 m dén 1 m.
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b\an nay, cac :[aC gJa S}I_ dl-]jl;lg Hinh 6. Ban d6 khoang cach hiéu dung trong tim kiém, clru nan trén
tau CN-09 cua B doi Bién  pién (kich ban 1).

phong dé tim kiém, ctru nan.
Thoi tiét troi ndng, gid thoi hudng Pong Béc (45°), the d6 gid 10 m/s. Nhu vay, toc do gio
bién trong kich ban 2 cao hon déng ke so véi kich ban 1 (5 m/s).

Tir thong tin vé téc d6 gio diéu chinh, anh lay gio, gia toC trong trudng va ban d6 4o sau
day bién, trong kich ban 2 ciing xay dung duoc I6p dir liéu vé chiéu cao song bién (Hinh 7a),
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Hinh 7. Két qua tinh chiéu cao song bién va thoi gian di hét mot don vi khong gian cia tau SAR (kich ban 2).
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trong do chiéu cao song
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thdp hon dang ké so véi
kich ban 1 do téc d6 cua tau CN-09 (B6 doi Bién phong) cao hon nhiéu so véi tau TS-01
(Quén ching Hai quan).

¢) Kich ban 3: Trong kich ban 3, cac tac gia sir dung tau tim kiém, ciru nan KN-579 cia
Cuc Kiém ngu (Bo Nong nghiép va Phat trién ndng thon). Tau cé van téc 16n nhat dat 25 hai
Iy/gio. Thoi tiét troi nang, gid thoi huéng Nam (180°), toe do gi6 1a 15 m/s. Nhu vay, trong
kich ban nay, téc d6 gi6 bién dat cao nhat so véi 02 kich ban trudc (15 m/s, so véi 10 m/s va
5 m/s).

Két qua xac dinh chiéu cao song bién khu vuc vinh Béc Bé tir dit liéu dau vao trong kich
ban 3 dugc thé hién trén hinh 9a. Trong kich ban nay, chiéu cao song bién ciing tuong ty nhu
véi kich ban 2, nam trong khoang tir 0 dén 2,5 m. Tuy nhién, do toc d6 gi6 bién 16n hon so

Hivnh 8. Ban d6 khoang cach hiéu dung trong tim kiém, clru nan trén
bién (kich ban 2).
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Hinh 9. Két qua tinh chiéu cao song bién va thoi gian di hét mot don vi khong gian ciia tau SAR (kich ban 3).
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véi kich ban 2, trong kich ban 3, chiéu cao song bién co sy phan biét kha rd rang ddi vai cac
khu vuc khac nhau & vinh Bic Bo, trong d6 chiéu cao song bién dat 16n nhat ¢ gan bd (khu
vuc ven bién Quang Ninh, Hai Phong). Chiéu cao song bién thap dan vé phia xa ba, thé hién
boi mau xanh trén hinh 9a. Thoi gian dé tau tim kiém, ciu nan KN-579 cia Cuc Kiém ngu
(Bo Nong nghiép va Phat trién nong thon) di hét 01 don vi khdng gian anh (100 m) duoc thé
hién trén hinh 9b. Do téc d6 tau KN-579 cao nhat so vai cac tau TS-01 va CN-09, thoi gian
di hét 01 don vi khong gian trong kich ban 3 dat thap nhat, trong khoang tir 7,78 gidy dén
8,89 giay.

Tu két qua nay, trong
nghién ciru tién hanh tinh toan
thoi gian phan hoéi déi vai tau
KN-579 tai 02 tram ciu nan &
dao Bach Long Vy (Hai
Phong) va Cén Co (Quang
Binh) khi xay ra su ¢ trén bién
dbi voi kich ban 3. Két qua xay
dung ban d6 thoi gian phan hdi
ddi voi kich ban 3 dugc thé
hién trén hinh 10. C6 thé nhan
thdy, vai diéu kién thoi tiét va
thay, hai van nhu trong kich
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Cu_I}g nhu da& dlem, cac trarJg Hinh 10. Ban d6 khoang cach hiéu dung trong tim kiém, ctru nan
thict bi tim kiem, cau nan trén e pidn (kich ban 3).

bién. Cac ban d6 khoang cach

hiéu dung nhéan dugc trong tung kich ban cung cép thong tin dau vao quan trong cho cac lyc
lwong tim kiém, ctru nan trén bién tuy theo timng d1eu kién khi twong, hai van khac nhau trong
xay dung phuong an tiép can khu vuc xay ra su cd, ‘trong d6 cac tau tim kiém, ciru nan xuat
phat tir 02 tram dit tai dao Bach Long V¥ (thanh phé Hai Phong) va ¢ao Con Co (tinh Quang
Binh).

4. Két luan

Tim kiém, ctu nan trén bién la mot cong viéc co tinh dac tha, doi hoi tinh khan cap va
yéu cau cao vé phuong tién, thiét bi, nhan lyc. Viéc sir dung phuong phap mo hinh hoa nham
xac dinh thoi gian phan hoi téi ddi tuong can tim klem ctru nan sau khi tiép nhan thdng tin
vé sy ¢b trén bién la mot tiép can phu hop, cung cap thong tin dau vao kip thoi cho cac luc
lwong tim kiém, ciu nan xay dung ké hoach kha thi, phu hop véi diéu kién cu thé tirng khu
vuc. Noi dung bai bao da thu thap dir liéu va xay dung b dir liéu dau vao bao gém cac yéu
t6: dir liéu tau tim kiém, cau nan; toe do gio diéu chinh; Iy gié (wind fetch), gia toc trong
truong, ban dd d¢ sdu nham xac dinh chiéu cao song bién hiéu chinh ciing nhu tinh toan duoc
thoi gian cac tau tim kiém, ctru nan di hét mot don vi khong gian (100 m) trén khu vye bién
vinh Bic Bo. Tir két qua nay, trong nghlen cau da xay dung dugc ban d6 thoi gian phan hoi
(khoang cach hiéu dung) trong tim kiém, ctru nan trén bién véi cac kich ban khac nhau. Thong
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tin nay giap cac luc luong chirc ning xdy dung cac phwong an tim kiém, ciu nan phu hop
tuy theo dicu kién thoi tiét, trang thiét bi cu thé.

bong gop cua tac gia: Xay dung y tuong nghién ciru: N.Q.M., B.T.D.; Xu ly s6 liéu:
N.Q.M.; Viét ban thao bai bao: N.Q.M.; Chinh stra bai bao: N.V.T.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay la cong trinh nghién ctru cua tép thé
tac gia, chua dugc cong bo ¢ dau, khong duge sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap 1oi ich trong nhoém tac gia.

Tai liéu tham khao

1.

2.

3.

10.

11.

12.

13.

An, LD. Hé théng dao ven bo Viét Nam - Tai nguyén va phat trién. Nha xuit ban
Khoa hoc tuy nhién va Cong nghé. 2008.

Breivik, O.; Allen, A.; Maisondieu, C.; Olagnon, M. Advances in search and rescue
at sea. Ocean Dyn. 2013, 63(1), 83-88.

Xiong, W.; van Gelder, P.; Yang, K. A decision support method for design and
operationalization of search and rescue in maritime emergency. Ocean Eng. 2020,
207, 107399. https://doi.org/10.1016/j.0ceaneng.2020.107399.

Venalainen, E. Evaluating voluntary emergency response in the Gulf of Finland.
Master thesis of Geography and Geoinformatics, 2014, pp. 118.

Burns, D. Application of GIS for coastal rescue response. Proceeding of the 2014
Esri User Conference Paper  Sessions. 2014. Available online:
https://proceedings.esri.com/library/userconf/proc14/.

Karatas, M.; Razi, N.; Gunal, M. An ILP and simulation model to optimize search
and rescue helicopter operations. J. Oper. Res. Soc. 2017, 68, 1335-1351.

Ferrrari, J. A study of optimal search and rescue operations planning problems.
Thesis for degree of Doctor of Philosophy (Industrial Engineeing). Concordia
University, Montreal, Quebec, Canada, 2019.

Zhou, X.; Cheng, L.; Min, K.; Zuo, X.; Yan, Z.; Ruan, X.; Chu, S.; Li, M. A
framework for assessing the capability of maritime search and rescue in the south
China Sea. Int. J. Disaster Risk Reduct. 2020, 47, 101568.
https://doi.org/10.1016/j.ijdrr.2020.101568.

Ashrafi, B.; Kim, G.; Naseri, M.; Barabady, J.; Dhar, S.; Heo, G.; Baek, S. An agent-
based modelling framework for performance assessment of search and rescue
operations in the Barents Sea. Saf. Extreme Environ. 2024.
https://doi.org/10.1007/s42797-024-00101-2.

Dinh, N.b.; Minh, T.B.; Toan, H.V.; Pha, N.P.; Phuc, B.N. Ung dung céng nghé
thong tin trong hd tro tinh toan vi tri chuan, xac dinh khu vuc tim kiém va xay dung
ké hoach tim kiém, ciu nan trén bién. Tap chi Nghién cizu Khoa hoc va Céng nghé
quan s 2018, 253-263.

Phuong, N.V.; Hoai, b.K.; buc, T.M.; Vinh, C.T. Phuong phap phat hién di thuong
trén anh vién tham quang hoc ung dung trong cong tac tim kiém ctu nan. Tap chi
Khoa hoc triong Pai hoc Céan Tho, phan A: Khoa hoc Tir nhién, Cong nghé va Moi
truong 2020, 56(1A), 21-36.

An, P.T.; Bic, B.b.; Xuan, N.T. Tich hop cong nghé vién tham va GIS trong hd tro
cong tac tim kiém ciru nan thién tai & Viét Nam. Tap chi Khoa hoc Do dac va Ban
do 2011, 9, 54-58.

Hai, L.V.H.; Thanh, N.S.; Duong, B.V.; Nga, N.T.T.; Thay, N.T.T.; Hanh, T.T. Xay
dung co so dir liéu khéng gian hd tro tim kiém, ciu nan, ciu nan trén bién dua trén
GIS mia ngudn mé. Tap chi Khoa hoc va Coéng nghé Pai hoc Thai Nguyén 2021,
226(02), 42-50.


https://doi.org/10.1016/j.oceaneng.2020.107399
https://doi.org/10.1016/j.ijdrr.2020.101568

Tap chi Khi twong Thiiy vin 2025, 770, 29-42; doi:10.36335/VNJHM.2025(770).29-42 41

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.
31.

Thanh, N.S.; Duong, B.V.; Hai, L.V.H.; Hoai, B.K.; Nga, N.T.T.; Loc, L.b.; Thuy,
N.T.T. Giai phap hé thong tin dia Iy ma ngudn mé trong hd trg hoat dong tim kiém
ctru nan hang hai. Tap chi Khoa hoc Tai nguyén va Moi truong 2022, 41, 22-33.
Ha, P.N.; Ty, L.V.; Triéu, T.H.; bac, N.M. Nghién ctu xay dung mé hinh hé théng
hd tro tim kiém ctzu nan cho vang bién Viét Nam. Tap chi Khoa hoc ¢6ng nghé Hang
hai 2019, 59, 90-95.

Son, N.T.; Huy, D.V_; Thanh, T.D. Pia hinh day vinh Bic Bo. Tai nguyén va Moi
truong bién. Nha xuat ban Khoa hoc tir nhién va Cong nghé, Ha Noi, 1996, tr. 16—
26.

Thanh, T.D.; An, L.D. Tai nguyén vi thé tu nhién dao Bach Long V5. Tap chi Cdc
khoa hoc vé Trdi dat 2012, 34(4), 447-485.

Thing, N.V.; Khiém, M.V.; Hiéu, N.T.; Thang, V.V.; Mau, N.D.; Tuyét, L.T. Anh
hudng cua bao ¢ Viét Nam thoi ky 1961 - 2014. Tgp chi Khoa hoc PHOGHN: Cac
Khoa hoc Trdi dat va Méi trieong 2016, 32(3S), 310-316.

Tuan, N.N.; Huéng, N.V.; Thao, B.T.P.; Huyén, N.T.T.; Vian, C.T. Nghién ciru ché
d6 mua, nhiét tai ving bién Vinh Bac Bo tir dit liéu vé tinh. Tap chi Khi twong Thuy
van 2019, 755(1), 19-28.

Loncar, G.; Sreng, Z.; Mili¢evié¢, H.; & Ostoji¢, S. Increase of Wave Height Due
to Transition in Wind Direction—-Example: Rijeka Bay. Adv. Civil Archit. Eng.
2019, 10(18), 57-70.

Hoffmann, M.; Roy, S.; Berger, A.; Bergmann, W.; Chan, K.; Shubbak, M.;
Langhorst, J.; Schnauder, T.; Strub, O.; Buskens, C. Wind affected maneuverability
of Tungboat-controlled ships. IFAC-PapersOnLine 2021, 54(16), 70-75.

Zhang, L.; Li, J.; Liu, C.; Zhang, W. A robust fuzzy speed regulator for unmanned
sailboat robot via the composite ILOS guidance. Nonlinear Dyn. 2022, 110(3), 1-16.
https://doi.org/10.1007/s11071-022-07763-2.

Rohweder, J.; Rogala, J.; Johnson, B.; Anderson, D.; Clark, S.; Chamberlin, F.;
Potter, D.; Runyon, K. Application of wind fetch and wave models for habitat
rehabilitation and enhancement projects. Contract report prepared for U.S. Army
Corps of Engineers’ Upper Mississippi River Restoration - Environmental
Management Program, 2012, pp. 52.

Siljander, M.; Vendldinen, E.; Goerlandt, F.; Pellikka, P. GIS-based cost distance
modelling to support strategic maritime search and rescue planning: A feasibility
study. Appl. Geogr. 2015, 57, 54-70.

Castro, R. Gravitational acceleration equation with wavelength and speed of light
without using the universal gravitational constant of Newton. HAL open Science,
2014, pp. 12. Available online: https://hal.science/hal-00947254v6/document.
Herterich, J.G.; Dias, F. Extreme long waves over a varying bathymetry. J. Fluid
Mechanics 2019, 878, 481-501.

Salameh, E.; Frappart, F.; Almar, R.; Baptista, P.; Heygster, G.; Lubac, B
Raucoules, D.; Almeida, L.P.; Bergsma, E.W.J.; Capo, S.; De Michele, M.; Idier, D.;
Li, Z.; Mariue, V.; Poupardin, A.; Silva, P.A.; Turki, I.; Laignel, B. Monitoring beach
topography and nearshore bathymetry using spaceborne remote sensing: A review.
Remote Sens. 2019, 11(19), 2212.

Shepard, D. A two-dimensional interpolation function for irregularly spaced data.
Proceedings of the 1968 23" ACM national conference, 1968, pp. 517-524.
USACE. Shore Protection Manual. Coastal Engineering Research Center; Fort
Belvoir, Virginia, 1984, pp. 652.

USACE. Coastal Engineering Manual 10-2-1100. Parts 1-6; Washington DC, 2002.
Tiep, N.T. va cong su. Atlas Piéu kién Tai nguyén va Mbi trudng vung bién Viét
Nam. Nha xuit ban Khoa hoc tu nhién va Céng nghé, Ha Néi, 2009, tr. 112.



Tap chi Khi twong Thiiy vin 2025, 770, 29-42; doi:10.36335/VNJHM.2025(770).29-42 42

Determining cost distance in search and rescue at sea using GIS
technology and modeling methods

Nguyen Quang Minh'3, Bui Tien Dieu?, Nguyen Van Trung34*
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Abstract: Vietnam is a coastal country with a long coastline and a large sea area, leading
to frequent accidents and incidents at sea, especially under the influence of climate change.
This paper presents the results of determining the cost distance in search and rescue at sea
in the Gulf of Tonkin based on the modeling method and GIS data. In the study, the data
layers include: (1) Search and rescue vessel data, (2) adjusted wind speed, (3) wind fetch,
(4) gravitational acceleration and (5) bathymetric maps used to determine response time
(cost distance) in search and rescue at sea. Three scenarios with different weather conditions
and characteristics of search and rescue vessels were tested to build cost distance maps. The
results obtained in the study provide important information, helping functional forces
develop appropriate search and rescue plans depending on weather conditions and specific
equipment.

Keywords: Search and Rescue; Cost distance; GIS; Modelling; Gulf of Tonkin.
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Tém tat: Nghién ciru nay di danh gia rii ro do 1 dén kinh té x4 hoi trén dia ban tinh Vinh
Long va 13 co s& dé xac dinh cip bao dong 1l tai 9 vi tri song trén dia ban tinh Vinh Long.
Nghién ctru da dua trén céc dir licu khao sat thuc té tai tinh Vinh Long dé xé4c dinh céac ddi
tugng dé bi ton thuong, ving bi anh huéng do ngap lut va 13 dit liéu dau vao vao phuc vu
tinh toan rui ro do ngép trén dia ban tinh Vinh Long. Dya trén thong tu 14/2021/TT-BTNMT
quy dinh ky thut xay dung muc nudc twong (ng voi cac cap bao dong 10, nghién ctru nay
s& xdy dung cac ban d6 rui ro do lii lut trén dia ban tinh Vinh Long bang cach phan tich tac
dong theo khong gian cta ngap lut dén céc loai sir dung dat va mirc d6 rui ro. Két qua nghién
ctru cho thiy céc tong thiét hai 16n nhat tai cic xa twong tng voi 9 diém bao dong 1t nhu
Tich Thién, Hiéu Nhon, Trung Thanh Pong, My Ldc, Hoa Hi¢p, Song Phu, Qudi An, Tan
Thanh, Phu Pirc 1an luot 12 617,21 ha, 1233,88 ha, 1240,11 ha, 142,77 ha, 308,63 ha, 1672,9
ha, 1319,86 ha, 893,5 ha.

Tiur khéa: Rui ro do ngap lut; Tinh Vinh Long.

1. Gi6i thi¢u

Rui ro thién tai 12 thiét hai ma thién tai c6 thé gay ra vé ngudi, tai san, moi truong, diéu
kién song va hoat dong kinh té - x@ hoi [1]. Danh gid rui ro thién tai 1a mot qua trinh thu thap,
tong hop va phan tich thong tin vé tinh hinh thién tai, tinh trang d& bi ton thuong, nang luc
phong chong thién tai nham xac dinh mirc d6 rii ro ctia mot cong dong dé tim ra giai phap
giam thiéu rui ro thién tai pht hop [2]. Két qua danh gia rui ro thién tai s& gitip cung cip
thong tin cho viéc 1ap ké hoach phong, chong thién tai, xay dung phuong an tng pho thién
tai phu hop véi diéu kién cu thé ctia mot dia phuong.

Hién nay, c6 nhiéu hudng nghién ctru khac nhau vé rui ro, nhdm phan loai cac thanh
phan, yéu t6 dé danh gia. Tuy nhién, viéc str dung cac thuat ngir lién quan dén rui ro gitra cac
nganh, linh vyc nghién ctru van con nhiéu dinh hudng khac nhau. Phuong phap danh gia dinh
lwong cu thé hoa sd nguoi bi anh huong va thiét hai tinh ra bang don vi tlen t¢ uu thé hon
trong viéc udc lugng gia tri kinh té bi rai ro. Phuong phap nay da giai quyét van dé so sanh
mirc d6 i ro cac dbi tuong & cac khu vuc khac nhau nham cung cap thong tin dé cac nha
hoach dinh Iyra chon khu vyc wu tién dau tu [3].
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Mot s6 nghién ctru trude day [4—7], phan tich rii ro dua trén viée xac dinh ba yéu t6 co
ban hiém hoa (H), tinh d& bi ton thuong xa hdi (V) va mac phoi nhiém (E). Rui ro 1a mot
ham sb két hop cuia ba yéu t6 R = f(H, V,E) [5], dé xac dinh ban chat va muc d6 rui ro thién
tai thong qua phan tich cac hiém hoa tiém an va danh gia cac diéu kién phoi nhiém va d& bi
ton thuong ma khi két hop co thé gay hai cho con nguoi, tai san, dich vu, sinh ké va moi
truong [4]. Rui ro thién tai dugce quyét dinh boi hiém hoa (H), néu khong c6 nguy co hiém
hoa xdy ra thi khéng c6 rii ro thién tai cho du tinh d& bi ton thuong ctia khu vy rat cao [6].

Dé luong hoa duoc cac hiém hoa tu nhién lién quan dén nudc (13, ngap lut), nhiéu
phuong phap, cong cu va dir liéu da dugc sur dung, bao gébm cac mo hinh thuy van, thuy luc
va chat lugng - nudce, cong cu quan sat va GIS. Déi voi su photi nhiém, mot sb bo dir lidu
tham chiéu dia 1y va thong tin 1anh thd da duoc st dung, cho dén khi bi tén thuong, dan dén
mot cach tiép can dinh tinh va dinh lugng hon, tuy thudc vao chét luong va tinh déng nhét
cua dir li¢u, trong d6 dir li€u diéu tra khao sat cac hién trang vé su phan bd dan cu, tinh d& bi
tdn thuong cua cong déng, cac hoat dong kinh té xa hoi chiu tac dong cua 14, ngap lut 1a rat
quan trong. Phuong phdp danh gia rui ro dinh lugng déa dugc su dung trén Thé gidi nhu cac
nghién ctru [7-10], mot s6 nghién ctru co khung phu(rng phap chuan dé danh gia rai ro thién
tai [11-16]; hodc nhimg nudc dang phat trién véi s6 lidu vé cac loai hinh thién tai thuong
khong dugc cung cap day da, dir lidu tuong ddi it. Tai Viét Nam, phuong phap danh gia dinh
luong rui ro (cu thé héa sé nguoi bi anh hudng va thiét hai tinh ra bang don vi tién t&) chua
str dung nhiéu, mac du di c6 cac nghién ciru [17-22]. Tuy nhién, nghién ciru nay da st dung
phuong phap danh gia rai ro theo huéng dan ciia Thong tu 14/2021/TT-BTNMT [23] vé quy
dinh k¥ thuat xdy dung muc nudc tuong ing véi cac cap bao dong lil. Phuong phap da xéac
dinh dua trén 3 yéu t6 Hiém hoa, muc d6 phoi bay, tinh dé bi ton thuong tir d6 tinh toan ra
muirc do rai ro va ban dd rui ro do 10, ngép lut theo 5 cap (rat thip, thip, trung binh, cao, rat
cao) tuong (g vdi cac cap myc nudc. Dya trén két ‘qua tinh toan rui ro ndy s€ la mot phan
co s dé co thé xac dinh myc nudc tuong tmg véi cap bao dong lii. Cu thé, Nghién ctru nay
da sir dung ngudn dir liéu khao sat xa hoi hoc thuc té tai dia phuong dé 1am co so xac dinh
murc d6 rai ro do 1f, ngdp lut ngoai cadc phuong phap da dugc 4p dung vé tinh toan rui ro
trude day [24].

2. Phuwong phap danh gia dinh luwgng rii ro va dir liéu sir dung

2.1. Gioi thiéu khu vwc nghién cuu

Vinh Long 1a tinh thudc ha luu séng Mé Cong, nam ¢ khu vuc trung tdm ving Dong
bang séng Ciru Long, tinh ¢6 08 don vi hanh chinh cdp huyén, dién tich tu nhién 1.525 km?
chiém 3,7% dién tich ving Pong bang song Ciru Long, dan s6 khoang 1.029.015 ngudi, voi
mat d6 dan s6 12 674 nguoi/km? [25]. Tinh Vinh Long c6 dia hinh twong ddi bang phang, cao
d6 dat trung binh tir 0,5-1,25 m, c6 xu thé thoai dan theo huéng Bic - Nam, cao & ven song
Tién, song Hau, song C6 Chién va thap dan vao trung tdm, tao thanh dia hinh long mang chay
song song véi hudng song Tién, song Hau. Pia hinh cao nhat ndm & ven séng Tién (1,75 m),
tap trung & phuong Tan Ngai (thanh phd Vinh Long) va thip nhat (< 0,5 m) nam & xa Song
Phu, My Loc, Hau Loc (huyén Tam Binh). Vinh Long ¢6 02 mua r0 rét, mua kho tir thang 12
dén thang 4 nam sau, chiu anh hudng ctia gié mua Pong Bic, gdy xAm nhap min; muia mua
tir thang 5 dén thang 11, chiu anh huong cta gi6 mua Tay Nam, thuong mua lon gay 1d, ngép
lut. Nudc 1u tur thu’O’ng nguon song Mé Kong tran vao Dong Thap Muoi, Tt Giac Long
Xuyen theo hai song Tién va song Hau do ra Bién. Mua 1ii huéng chay tir phia song Tién
vao dong, mot phan theo cac kénh doc dua xudng séng Ming Thit, mot phan chuyén ra song
Hau. Do anh hudng triéu truyén tir hai phia séng tao nén cac ving giap nudc, giy tiéu thoat
chim va gay ngdp ung. Dinh 1 thuong dat muc cao nhit vao thang 10. D9 ngap sau trong
ving tir 0,7 m dén 1,5 m thoi gian ngap tir 2 dén 3 thang. Triu cudng va mua 16n 12 mot loai
hinh thién tai gy ra nhiéu thiét hai cho tinh Vinh Long [26].



Tap chi Khi tuwong Thiy van 2025, 770, 43-57; doi:10.36335/VNJHM.2025(770).43-57 45

Tinh Vinh Long, ndm giita trung tdm cta Pong bang song Ciru Long, chiu nhiéu dnh
huong do thién tai gdy ra. Nhitng tran lii lut 16n khong chi gy thiét hai vé néng nghiép ma
con tac dong sau rong dén co s¢ ha tﬁng, suc khoe cong déng va cac hoat dong kinh té - xa
hoi khac. Nha ctra bi cudn troi, duong sa bi hu hong, cac cong trinh cong cong bi pha huy,
va hé thong y té gap kho khin trong viéc ddi phé véi cac dich bénh lay lan. Viéc danh gia va
hiéu rd tac dong cua ngap lut d6i v6i kinh té xa hoi tinh Vinh Long khong chi gitip nhan dién
nhitng thach thirc hién tai ma con 1a co so quan trong dé dé xudt cac bién phap phong chong,
ung pho hi¢u qua hon trong tuong lai.

Bing 1. Tinh hinh thiét hai do triéu cuong, mua 16n tir nim 2011 dén 2020 (Pon vi: Triéu dong) [27].

Nim Nong nghiép, chin nudi, thay Co s¢ ha tang Tong thiét
san Nha ¢ Thiy lgi Giaothong  Khac hai
2011 132.326,46 - 58.281,65 547.485,60 238.093,71
2012 Thiét hai khong dang ké
2013 9.109,46 1.000,00 3.545,90 709,88 14.365,24
2014 1.866,50 100,00 996,00 170,00 3.132,50
2015 Thiét hai khong dang ké
2016 634,22 678,61 1.312,83
2017 1.450,50 3.585,60 1.074 6.110,10
2018 16.705 240 12.598 2.868 51 32.462,00
2019 6.951 5.111,50 8.607 20.669,50
2020 3.698,80 1.085 541,9 5.325,70
Téng 172.741,94 1.340,00 85.882,26 61.456,38 51,00 321.471,58
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Hinh 1. Ban d6 vi tri tinh Vinh Long.

2.2. Phwong phap nghién ciru

Nghién ciru nay d tién hanh thu thap cac dir liéu tai dia phuong dé sir dung lam dau vao
cho mé hinh tinh toan ngap lut va tinh toan rai ro do 1i va ngap lut. Sau do, tién hanh xay
dung md hinh tinh toan ngap lut cho tinh Vinh Long va da hi€u chinh, kiém dinh véi cac tran
1d lich sir gan ddy. Két qua tinh toan ngép lut (hiém hoa), Ban dd su dung dat dugc xur ly
chuin héa (phot 16) va dir liéu diéu tra xa hoi hoc xay dung ban db ton thuong thong qua cac
phiéu diéu tra (ton thuong) da dugc dua vao cong cu GIS dé chong 16p ban db va phan ra cac
mirc d9 rui ro theo 5 cap. Cu thé so 6 nghién ctru dugc thé hién dudi Hinh 2 va cac phuong
phéap nghién sir dung trong nghién ctru nay.
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Hinh 2. Cach tiép can ctia nghién ctru.

Phuong phap diéu tra khao sat: D3 thyce hién diéu tra xa hoi hoc bang phiéu de thu thap
cac thong tin vé tac dong cua li dén doi song dan cu, san xuat va hoat dong kinh té - xa hoi
tai 9 UBND x4 c6 ké hoach xay dung cip bao dong lii va 45 phiéu ngudi dan séng khu vuc
dé nam 16 vé tinh hinh Iii va phuong phap phong tranh lii tai dia phuong.

Phuong phap m6 hinh: Phuong phap nay duoc thuc hién trén co s¢ tn dung t6i da su
phat trién ciia cong ngh¢ thong tin trong linh vuc nghién ctru phat trién mo hinh ngap lut
trong nudc va trén thé gidi, cu thé 13 cac mo hinh toan thuy van thiy luc ho mé hinh MIKE
nhuy MIKE 11, MIKE 21, MIKE FLOOD. Sir dung c6ng cu md hinh dé tinh toan, mé phong
dong chay dén, lugng mua sinh ra dong chay, dién toan dong chay trong song, dong chay 1a,
ngap lut.

Phuong phap xay dung ban dd ngap lut: Ba sir dung két hop mo hinh tinh toan thily vin
thity luc két hop voi cong cu GIS dé xay dung ban do ngap lut. Sir dung cong cu mo hinh dé
tinh toan, mo phong dong chay dén, lugng mua sinh ra dong chay, dién toan dong chay trong
song, dong chay I, ngap lut. Sau dé tir cac két qua tinh toan muc d6 ngap lut cia mé hinh
thiy dong luc va cac s6 lidu vé kinh té x4 hoi phan theo hanh chinh, du 4n s& sir dung phuong
phap ban do dé phén tich tac dong theo khong gian dén cac hoat dong san xuat nong 1am ngu
nghiép, hoat dong cong nghiép, dich vu va cac hoat dong kinh té khac trong diéu kién hién
trang va quy hoach hién co

Phuong phap xdy dung ban db rui ro: Pa dya trén Piéu 9 ctia Thong tu 14/2021/TT-
BTNMT ngay 31/8/2021 ctua Bo Tai nguyén va Moi truong can xac dinh mirc do rii ro (rt
thdp, thip, trung binh, cao, rit cao) ddi v6i cac khu vuc san xuit nong nghiép, nudi trong
thuy san, bii thip ven song, ving dan cu ciia dia phuong. Do viy, xac dinh rii ro bing
phuong phap danh gia rui ro dinh tinh rat hitu ich cho cac co quan quan 1y dia phuong ciing
nhu cac co quan 14p ké hoach phong chdng thién tai. Phuong phap nay kha d& hiéu va c6 thé
4p dung dé dang véi thu thap dir liéu don gian. Phuong phap sir dung danh gia rai ro nhu sy
két hop cta ba yéu t6 co ban: Hiém hoa (H), Phoi 16 (E) va Tinh dé& ton thuong (V) : R =
f(H,E,V). Tir cac két qua tinh toan mirc d6 rui ro va cac sb liéu vé kinh té xd hoi phan theo
hanh chinh, s& str dung phuong phép ban do dé thé hién cac két qua hién thi 1én ban db.
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Bang 2. Phan cip hiém hoa theo d6 sdu ngép lut tinh Vinh Long.

Pj siu ngap (m) 02-04 04-06 0,6-08 0,8-1,0 >1,0
1 2 3 4 5
(rét thap) (thap) (trung binh) (cao) (rdt cao)

Cép d6 hiém hoa (H)

Bang 3. Phan cip tinh dé bi ton thuong ciia cac loai hinh sir dung dat tinh Vinh Long.

Cip d9 dé bi ton Ciap d¢ dé bi ton

TT Loai dat TT Loai dat
oalda thwong (V) oalda thwong (V)
1. Dat & tai nong thon 5-cao 17. Dat rimg phong ho 2 - thap
Pat chg 5-cao 18. Dit rimg san xudt 2 - thap
Dat chuyén trong lta nudc 6 - rat cao 19.  Dat sinh hoat cong dong 4 - trung binh
4 Pat c6 mat \nuoc chuyén 1 -kt thép 20. bat song, ngoi, kénh, 1-rht thép
dung rach
5 bat co sd san {(Pat phi ndng 4 - trung binh 21 DatAsu dung’ cho ?oat 4 - trung binh
nghi¢p dong khoang san
6. Darcongrimhbuwchinh oy yng i 22 Dét thuy loi 2 - thép
vien thong
7. Dit cong trinh nang luong 4 - trung binh 23.  Pét thuong mai, dich vu 4 - trung binh
8. Dat d6i nui chua st dung 1 - rét thap 24.  Dat trong cdy lau nim 6 - rit cao
i ) D,{t t A lr I3 \ i
9. bat giao thong 5-cao 25. attrong 11:1? fuoecon 6 - rat cao
D;( kh . h s o roA DA A ’ 5 .z
10. at khu vui cAm giai tri cong 3 - vira 26. at xay dL,r‘ng‘co sO gido 3-via
cong duc va dao tao
1 . i n N Dit xay dung co s6 thé .
11. bat khu cong nghiép 4 - trung binh 27. duc thé thao 3-vira
Dét nghi hia di . Dit xa b 6
12, at‘ng ia t:ang,‘ ng qla’d1a, 2 - thip 28, at xay dL,r_n,g co sd ton 3-via
nha tang I¢€, nha hoa tang giao
13. DAt nuéi trong thuy san 6 - rit cao 29. Dat xay dung co soy té 3-vua
14, bat miong {ay troTlg cay 6 - tht cao 30. bat xay dungf so cd van 3 - via
hang nam khac hoé
(o . . Dat xdy dung try s& cu
15. bat phi ndng nghiép khac 2 - thap 31. atgii&fzi nr;hsigpcua 3-vura
L . Dit xay dung try s¢
16. bat quoc phong 2 - thap 32. at xdy dung tru 5o co 3-vua

quan

Phuong phap 1ap ban dd rai ro 1a, ngap lut duoc xay dung la sy két ctia ban d6 ngap lut
véi doi tugng deé bi ton thuong duoc xac dinh trong vung ngép lut 1a hién trang sir dung dat
(bao gom: Dat ¢ dan cu, dat nuoi trong thuy san, dat sdn xuat nong nghi¢p).

Bang 4. Phan cip cip do rui ro.

Gia tri ham rii ro 2-4 >4-6 >6-8 >8-10 >10-12
1 2 3 4 5
(rat thap) (thap) (trung binh) (cao) (rat cao)

Cép do rui ro (R)

2.3. 56 liéu sir dung

Dtr liéu khi tuong: S6 li¢u mua tai tram Vinh Long, Tra On, Tam Binh tir ndam 2000 -
2021 duogc thu thap tr Bai Khi tuong Thuy van tinh Vinh Long.

Dt li¢u thuy van: S6 liéu luu luong tai cac tram Tan Chau, Chau Dbdc; s6 liéu muc nudc,
luu lugng cac tram Can Tho, My Thuan, Long Xuyén, Pai Ngai, Tra Vinh tir nam 2000 -
2021 thu thap tir Pai Khi twong thuy vin Khu vire Nam B9. S liéu do dac cac tram nodi dong
tai cac tram Ba Cang, Nha Dai, Tich Thién, Nang Am, Tan Thanh, Phu Puc tir nim 2010 -
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2021 dugc thu thap tir Pai Khi tugng Thuy van tinh Vinh Long va dot 1l thang 8, 9 nam 2022
dugc Trung tdm Bong luc hoc Thuy khi Moi truong thue hién.

Dit liéu hai van: Sé liéu muc nuée tridu duoc trich tir bién tridu diéu hoa trong mo hinh
MIKE lam s liéu diéu kién bién mé phia bién (bién muc nudc).

V| TRi CAC TRAM KHi TUONG THUY VAN KHU VIPC DONG BANG SONG CUPU LONG
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Hinh 3. Ban d6 tram khi tugng thity vin khu vuc Pong bang song Ciru Long [28].

Dir liéu dia hinh: Ban d6 dia hinh 1/5.000 cta toan tinh Vinh Long va ban do dia hinh
1/2000 tai thanh ph6 Vinh Long do Trung tam thong tin dir liéu va do dac ban dd - Cuc ban
dd thuc hién duge st dung dé xay dung mo hinh s6 do cao (DEM) v6i d6 phan giai 10mx10m
béng cac cong cu GIS. H¢ toa do duoc sir dung trong hé thiét 1ap nay la h¢ toa d6 VN2000.

DIA HINH TINH VINH LONG
TETT

[~ 10500
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Hinh 4. Ban d6 dia hinh tinh Vinh Long.

Tai liéu mat cit ngang séng chinh: Ké thira, thu thap tir cac dé tai, du an c6 lién quan
deén khu vuc nghién ctru cac dir liéu mat cat ngang song.
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Bang 5. S6 liéu mit cit da thu thép.

S6 mit cit song chinh

TT Tén song Chiéu dai (km) trong mé hinh
1 Séng Tién 230 158
2 S6ng Hau 230 155
3 Séng C6 Chién 90 45
4 Song Mang Thit 47 14

Dit ligu sir dung dat: Tinh Vinh Long ¢6 tong dién tich dét ty nhién 152.573,4 ha, trong
do dat nong nghiép 119.691,6 ha, dat phi nong nghiép 32.864,7 ha, dat chua st dung 17 ha.

| TINH TIEN GIANG
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Hinh 5. Ban d6 sir dung dét tinh Vinh Long.

Ngoai cac dir liéu trén, nghién ctru con thu thap cac dir liéu giao thong, hé thong cong
trinh thuy 191 theo s0 li€u diéu tra tir Chi cuc Thuy loi tinh Vinh Long, hién trang hé thong
thuy loi cua tinh dén thang 8 nam 2021.

3. Két qua

3.1. Xay dung mo hinh va cac kich ban tinh toan

a) Thiét 1ap mo6 hinh MIKE 11

Mang luéi thuy lyc 1D dugc mé rong dén Krattie va Bién HO sau do trich tai cac tram
thuy van trén dong chinh song Tién va song Hau. Véi cac so liéu duoc thu thap 1a dir ligu
dau vao cho mo hinh bao gém luu luong quan trac hang ngay tai Tan Chau (song Tién), Chau
Doc (song Hau) dugc stir dung 1a bién trén mo hinh thuy lyc 1D va muc nudec triéu tai 9 ctra
su dung dit li¢u tir ham diéu hoa: Ctra Pai, Ctra Tiéu, Ba Lai, Him Ludng, C6 Chién, Cung
Hau, Bassac, Tran B¢, Dinh An dugc lay lam bién dudi cho mo hinh thay Iuc 1D (Hinh 6).

b) Thiét 1ap mé hinh thuy lyc 2 chiéu

Day la budc quan trong trong viéc xay dung mo hinh toan. Céan ctr vao dia hinh va cac
khu vuc khéac nhau trong vung tinh todn ma chia ludi tinh toan thuy luc khac nhau. D61 voi
khu vuc ven song va 9 vi tri can xay dung cap bao dong thi mirc d0 can mo phdng chi tict
hon nén ludi tinh todn dugce chia day hon véi kich thudc 6 ludi tir 50-100 m, con véi khu vuc
bai ¢ xa song hon va kha nang xay ra ngap Iii it thi chia ludi thua hon vai kich thudce tir 100-
200 m. Ludi tinh thiet 1ap 1a ludi cong truc giao (Hinh 7a).
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Tin Chin Chit Giad

/ A Tram thay via
Song chiok

Hinh 6. So d6 mang song chinh va mang ludi thity luc trong mé hinh MIKE 11.

(c) Két ndi md hinh thuy luc 1-2 chiéu

Sau khi x4y dung mang ludi thily lyc MIKE 11 va MIKE 21, tién hanh két ndi ca hai
mang thiy lyc mot va hai chiéu bang MIKE FLOOD cac song chinh cua tinh Vinh Long:
song Tién, song Hau chay qua dia phan tinh Vinh Long, cac song rach trén dia ban tinh Vinh
Long nhu hinh 7b.

= o

Hinh 7. (a) Mién tinh, ludi tinh, (b) Lién két cho mo hinh MIKE FLOOD.

(d) Hiéu chinh mo6 hinh

S6 liéu myc nude mua 14 thoi doan 1/7/2011 - 31/2].2/201’1, 1/7/2Q15 - 31/12/2015 duoc
st dung d€ hi¢u chinh mo hinh. Két qua tinh toan kha tot hé s6 Nash déu trén 0,8 tai cac tram
thuy van My Thuan, Pai Ngai, Tra Vinh (Bang 6, Hinh 8, 9).

Bang 6. Hé s6 Nash giai doan hi¢u chinh.

Nim Tram Yéu té Nash Nim Tram Yéu té Nash
Dai Ngai H 0,84 Dai Ngai H 0,9
Tra Vinh H 0,84 Tra Vinh H 0,83
2011 2015
My Thuan H 0,87 M¥ Thuan H 0,84
Can Tho H 0,76 Cén Tho H 0,83
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Pai Ngai Tra Vinh

YRR T

Can Tho M3 Thuan
Hinh 8. Két qua hiéu chinh thdi doan 1/1/2011 - 31/12/2011.

Can Tho My Thuan
Hinh 9. Két qua hiéu chinh thoi doan 1/1/2015 - 31/12/2015.
(e) Kiém dinh mé hinh
S6 liéu myc nude mua 10 thoi doan 1/7/2018 - 31/12/2018,’ 16/7/2Q19 - 9/10/2019 duoc
st dung d¢ kiém dinh m6 hinh. K€t qua tinh toan kha t6t h¢ s6 Nash déu trén 0,8 (Bang 7).
Muc nudc thuc do va tinh toan tai tram thuy van My Thuan, Pai Ngai, Tra Vinh cho thay su
phu hop véi thuc té (Hinh 10, 11).

Bang 7. H¢ s6 Nash giai doan hi¢u chinh.

Nim Tram Yéu to Nash Nim Tram Yéu to Nash
Pai Ngdi H 0,84 Pai Ngdi H 0,82
Tra Vinh H 0,9 Tra Vinh H 0,88
2018 2019
My Thuéan H 0,82 My Thuan H 0,82
Cén Tho H 0,77 Céan Tho H 0,86
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Dai Ngai Tra Vinh
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Can Tho M§ Thuan
Hinh 10. Két qua hiéu chinh thoi doan 1/1/2018 - 31/12/2018.

Dai Ngai Tra Vinh

Can Tho My Thuan

Hinh 11. Két qua hi¢u chinh thoi doan 16/7/2019 - 09/10/2019.

Dua trén s6 liéu do dac nhiéu nam tai tram My Thuén, Can Tho, Tra Vinh, Pai Ngai tu
nam 2000-2021 va sd liéu do dac cac tram ndi déng tai cac tram Ba Cang, Nha Pai, Tich
Thién, Nang Am, Tan Thanh, Pht Purc tir ndm 2010-2021 va dot la thang 8,9 nam 2022. Tu
d6, xac dinh ra muc nudc 16n nhét tai cac tram thuy van va tram noi déng dé tinh toan, phan
tich lya chon xay dung kich ban myc nudc 16n nhat (KB1) va mdi kich ban thay dbi gia tri
muc nudc 10cm. Do vay, nghién ctu dé ra 7 nhom kich ban ung véi cac muc nudce tai tram
thily van Vinh Long va 9 vi tri tram ndi d@)ng dé tinh toan va danh gia muc d6 thiét hai (Bang
8).

Bang 8. Kich ban va gia tri myc nude trong ng tai cac vi tri.

Tén Tram

TT  kich Vinh Ba Nha Nang Quéi Hoa Tan Phu Cai Tich

Cang Pai  Am An  Higp Thanh Pic Ngang Thién

bin Long
1 KB1 2,2 2,1 2 2 2,1 2,2 2,2 2,2 2,2 2,1
2 KB2 2,1 2 1,9 1,9 2 2,1 2,1 2,1 2,1 2
3 KB3 2 1,9 1,8 1,8 1,9 2 2 2 2 1,9
4 KB4 1,9 1,8 1,7 1,7 1,8 1,9 1,9 1,9 19 1,8
5 KB5 1,8 1,7 1,6 1,6 1,7 1,8 1,8 1,8 1,8 1,7
6 KB6 1,7 1,6 15 15 1,6 1,7 1,7 1,7 1,7 1,6
7 Kb7 1,6 15 1,4 1,4 1,5 1,6 1,6 1,6 1,6 15
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3.2. Két qua tinh todn ngdp lut

Tai vi tri song Ba Cang (xd Song Phu, huyén Tam Binh) theo kich ban 1 16n nhét dién
tich ngap khoang 308,63 ha; song Cai Cdi (xa Phu Dirc, huyén Long Hb) theo kich ban 1 16n
nhét dién tich ngip khoang 893,50 ha; song Ngi Hau (xd Hiéu Nhon, huyén Viing Liém)
theo kich ban 1 16n nhit dién tich ngép khoang 1343,13 ha; song Hau (xa Tich Thi¢n, huyén
Tra On) theo kich ban 1 16n nhét dién tich ngap khoang 617,21 ha; song Huyén Ham (xd Tan
Thanh, huyén Binh Tan) theo kich ban 1 16n nhét dién tich ngép khoang 1319,87 ha; séng
Cai Ngang (x4 My Loc, huyén Tam Binh) theo kich ban 1 16n nhat dién tich ngap khoang
1240,11 ha; song Ming Thit (xa Hoa Hiép, huyén Tam Binh) theo kich ban 1 16n nhat dién
tich ngap khoang 1431,80 ha; song Nang Am (xi Trung Thanh Pong, huyén Viing Liém)
theo kich ban 1 16n nhét dién tich ngép khoang 171,86 ha; song Mang Thit (x& Quéi An,
huyén Viing Li€m) theo kich ban 1 16n nhat dlen tich ngap khoang 1672 90 ha.

Ban do mlnh lloa ngap lut m)h Ban d6 minh hoa ngap lut tinh
th Long theo klch ban 1 ] Vinh Long theo kich ban 2

el N e S ] > H - o R
W - | Y

Ban d6 minh hoa ngap lut tinh Ban d6 minh hoa ngap lut tinh
Vinh Long Tll‘?_QE.l,.Ch ban 3 Vinh Long theo kich ban 4
2 R =5 T = S —
= SN | e OSe ¥
Ban d6 minh hoa ngap lut tinh Ban d6 minh hoa ngap lut tinh

Vinh Long theo kich ban 5 Vinh Long theo kich ban 6

+

Ban dd ngap lut tinh
Vinh Long theo kich ban 7

Hinh 12. Ban db ngép lut cua tinh Vinh Long theo cac kich ban muc nudc.

3.3. Két qua danh gid tac dong ciia ngdp lut dén kinh té - xd héi tinh Vinh Long

Dua trén phuong phap diéu tra, khao sat, s6 liéu théng ké cua dia phuong va phuong
phap chuyén gia, nhém nghién ctru xac dinh mirc d¢ ngdp sau trén dia ban tinh Vinh Long
c6 muc ngp lon nhat khoang 1,0 m va cac loai s dung dat chinh tir d6 1am co SO dé phan
cap ra cAp do hiém hoa va cap do dé bi ton thuong lam dau vao dé tinh toan cac cap do rai ro
thién tai do 11 lut.

Két qua toan dién tich rai ro da thé hién rd rang cac muc do tac dong khac nhau theo cac
kich ban ngép lut. Dién tich rii ro gay ra béi [ KB1 1a 16n nhét trong 7 kich ban lii dugc tinh
toan bao gom KB1, KB2, KB3, KB4, KBS, KB6, KB7 v6i tong dién tich rii ro tai cac xa
Tich Thién, Hiéu Nhon, Trung Thanh Pong, My Ldc, Hoa Hi€p, Song Phu, Quédi An, Tan
Thanh, Pha Puc 1an lugt 1 617,21 ha, 1233,88 ha, 1240,11 ha, 142,77 ha, 308,63 ha, 1672,9
ha, 1319,86 ha, 893,5 ha (Hinh 13, 14).
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(a) Ban d6 minh hoa riii ro do ngap lut (b) Ban d6 minh hoa ri ro do ngap lut
tinh Vinh Long theo kl(ih ban 1 tinh Vinh Long theo klch ban 2
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(c) Ban d6 minh hoa riii ro do ngap lut (d) Ban d6 minh hoa rti ro do ngap lut
tinh Vinh Long theo kich ban 3 tinh Vinh Long theo kich ban 4

[+

(e) Ban @0 minh hoa rtii ro do ngap lut (f) Ban @0 minh hoa rtii ro do ngap lut
tinh Vinh Long theo kich ban 5 tinh Vinh Long theo kich ban 6

(g) Ban d6 minh hoa ri ro do ngap lut tinh
Vinh Long theo kich ban 7

Hinh 13. Ban d6 minh hoa rai ro do ngép lut tinh Vinh Long theo céc kich ban.

4. Két luan

Nghién ctru da dya trén céc dit liéu khdo sat thyc té tai tinh Vinh Long d€ x4c dinh cac
ddi tuong dé bi ton thuong, vung bi anh hudéng do ngap lut va la dix 1iéu dau vao vao phuc vu
tinh todn rai ro do ngdp trén dia ban tinh Vinh Long. Nghién ctru dua trén thong tu
14/2021/BTNMT nhung ciing 1a két qua dugc tinh toan xac dinh dau tién tai ving Dong bang
song Ctru Long, qua dé cac tinh xung quanh ¢6 co s¢ khoa hoc dé thuc hién cac du an twong
tu tiép theo v& tinh toan rui ro do 18, ngap lut.

Nghién ctru nay da danh gia rui ro do 1& dén kinh té - xa hoi trén dja ban tinh Vinh Long,
dic biét tai 9 diém xay dung bdo dong 1l c6 dién tich rti ro 16n nhét theo kich ban tinh toan
16n nhét tong dién tich rai ro tai cac xa Tich Thién, Hiéu Nhon, Trung Thanh Pong, My Loc,
Hoa Hiép, Song Phu, Qudi An, Tan Thanh, Pha Buc lan luot 1a 617,21 ha, 1233,88 ha,
1240,11 ha, 142,77 ha, 308,63 ha, 1672,9 ha, 1319,86 ha, 893,5 ha. Tir két qua tinh toan rui
ro theo céc kich ban 1a co so dé xac dinh mirc nude theo cip bao dong 1ii tai 9 vi tri séng trén
dia ban tinh Vinh Long, cung cép thong tin quan trong trong xdy dung phuong 4n tmg pho
véi 1 lut hiéu qua hon trong thoi gian téi.
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Hinh 14. Biéu d6 minh hoa dién tich rui ro theo cac kich ban tai 9 vi tri.

KB7

bong gop cua tac gia: Xay dung y tuong nghién ciru: TN.A., L.D.D., N.B.T.; Xt ly s lidu:
L.N.Q., P.H.Q.T.; Viét ban thao bai bao: N.B.T., D.T.H.N., N.T.V.; Chinh stra bai bao:
N.B.T., N.H.T.

Loi cam on: Bai bao cam on Trung tam Pong luc hoc Thuy khi Méi truomg (CEFD) da hd
tro hoan thanh nghién ctru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢o6 su tranh chap loi ich trong nhom tac gia.
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Abstract: This study assesses the flood risk to the socio-economic aspects of Vinh Long
Province and serves as a basis for determining flood warning levels at nine river locations
within the province. The research is based on actual survey data from Vinh Long to identify
vulnerable entities and areas affected by flooding, providing input data for calculating flood
risk across the province. Following the technical guidelines outlined in Circular
14/2021/TT-BTNMT for constructing water levels corresponding to different flood warning
levels, this study aims to create flood risk maps for Vinh Long Province by analyzing the
spatial impacts of flooding on various land uses and risk levels. The findings indicate that
the greatest total damages occurred in the communes corresponding to nine flood warning
points: Tich Thien, Hieu Nhon, Trung Thanh Dong, My Loc, Hoa Hiep, Song Phu, Quoi
An, Tan Thanh, and Phu Duc, with affected areas being 617.21 hectares; 1233.88 hectares;
1240.11 hectares, 142.77 hectares, 308.63 hectares, 1672.9 hectares, 1319.86 hectares, and
893.5 hectares, respectively.

Keywords: Flood risk; Vinh Long Province.
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Tém tit: Khu du trit sinh quyén thé gi6i 1a nhitng canh quan c6 nhiéu dic diém sinh thai
khac nhau duoc quéc té cong nhéan. Viét Nam c6 11 khu trong do Can Gid nam trén dia
phan thanh phé H6 Chi Minh, noi ¢6 toc dd d6 thi hoa nhanh nén khong tranh khéi anh
hudéng mot phﬁn boi cac hoat dong dan sinh xa hoi mot phﬁn 1a céc hién tugng cuc doan cua
thoi tiét tac dong xau dén moi truong. Viée quan 1y va bao vé khu DTSQ 1a trach nhiém
chung ciia toan x4 hoi, dic biét can c6 mot cong cu theo ddi giam sat nhimng thay doi dang
dién ra dé diéu chinh kip thoi va ciing can chi trong dén viéc tan dung két hop cac cong
nghé da c6 dé giam sat hi€u qua cac khu vuc nay. Muc ti€u ctia bao bdo 1a str dung cong cu
Google Earth Engine v6i dit diéu anh Sentinel-2 dé giam sat 16p phii bé mat khu du trit sinh
quyén Can Gid giai doan 2019-2022. Két qua cho thiy toan by khu vuc da c6 bién dong
manh trong 2 nim 2019, 2020. Dién tich dat nong nghiép va xay dung ting 1én déng ké dan
dén sut giam dién tich nudc mat, rung ngdp man va dét khac. Vung 16i it bién dong nhét,
ving chuyén tiép bién dong manh mé do cac hoat dong du lich va dan sinh. Giai doan 2020-
2022 c6 su phuc hodi do cac chinh sach phat trién va bao vé hop 1y ctia thanh phd cling nhu
ctia ban quan 1y khu di san. Pay ciing 14 nhiing tin hiéu c6 tac dong tot dén méi trudng, hé
sinh thai cua khu vuc nghién cuu.

Tir khéa: Gidm sat 16p pha bé mit; Dy trit sinh quyén Can Gid; Random Forest.

1. Pt van dé

Khu duy trit sinh quyén 12 nguyén mau ciia canh quan thién nhién bao gdm dién tich 16n
cac hé sinh thai khac nhau [1]. Tai Viét Nam c6 11 khu vie duoc cong bd 1a khu du tri sinh
quyén cta thé gidi trong d6 co6 Can Gio [2]. Noi day duoc xem 1a 14 phdi xanh hodc birc
tuong xanh ciia thanh phd H6 Chi Minh, 13 noi luu giit nhiéu hé dong thuc vat, hé sinh thai
da dang, phong pht [3]. Hién nay, rimng ngap min Can Gid bit dau timg bude duge quan tim
cua nguoi dan va nha nudc khi xu thé du lich tr& vé voi thién nhién dugc wa chudng do dé
tinh hinh suy thoai mai truong van dang dién ra ting ngay, timg gio. Rung ngép man bi tan
pha dé lay dat nuéi tom, dé xay dung cac khu dan cu méi [4]. Trén thé gi6i noi chung va cac
khu duy trit sinh quyén tai Viét Nam ciing vay, dién tich khu dy trit sinh quyén dang bj thu
hep mat phﬁn do tinh trang cuc doan cua khi hau, thoi tiét nén dang dan dan dén suy thoai
moi trudng va dét dai, lam giam kha nang phat trién cua hé thuc vat cling nhu lam xdo tron
trang thai can bang thudng xuyén cua h¢ sinh thai, mat da dang sinh hoc, bién doi khi hau
dia phuong cuc b6 [1, 5-7] khién muc tiéu cua cac nha quan ly tai khu dy trir sinh quyen la
can c6 mot hé thong thuc hién giam sat tit ca cac hoat dong lién quan dén sy thay ddi cua
Tap chi Khi tuwong Thity van 2025, 770, 58-67; doi:10.36335/VNJHM.2025(770).58-67  http://tapchikttv.vn/
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khu du trit tir cap nhat hién trang khai thac dén theo doi nhimg bién d6i vé dién tich thyc phi
[/, 8].

O Viét Nam st dung cong ngh¢ vién tham trong xdy dung cac ban d6 hién trang ciing
nhu bién dong vé thuc pha di duoc thuc hién ¢ nhiéu khu vue, mang lai nhiéu loi ich 16n,
nhanh chong nhung dir liéu phéan loai nay da s6 12 101 rac, cyc bo tuy nhién ciing dap Gmg mot
phan nao trong giai quyét kip thoi cac bai toan bién dong [9—12]. Gan day, vi tinh kha dung
cua cac tap dir liéu 1on va vi€e xu ly ching cling phirc tap hon trong linh vire khoa hoc khong
gian dia ly nén sy két hop gitta dir liéu vién tham va tri tué nhan tao d3 tao ra mot chan troi
moi day tiém ning, hiéu qua cho viéc giai doan ddi twong, phan loai 16p phi bé mat [1, 13].
Nhiéu nghién ctru da st dung c4c thuit toan phan loai hoc may khac nhau (Neutral Networks
- NNet, Random Forest - RF va Support Vector Machine - SVM) dé phan loai hién trang bé
mit phu dit tir anh vé tinh Sentinel-2, Landsat. Phuong phap Random Forest thuong duoc
duogc két luan 13 c6 d6 chinh xac cao nhit (90%) [14—17]. Giai phap giam sat bién dong dwa
trén phan loai theo hudng nay ciing duogc dit ra. Khoa hoc dit liéu va vién tham da bt dau
lién két nho cac cong cu lap trinh than thién véi nguoi dung, kha ning tiép can strc manh tinh
toan cao va su san co cua dit liéu vé tinh mién phi dic biét 1a cac dit liéu co6 san cong khai
ciia Co quan Vii tru Chau Au va vé tinh quan sat Trai dit cia My da duoc str dung trong
nhiéu tmg dung vién tham khac nhau [1, 14]. Google Earth Engine (GEE) 1a mot céng cu cho
phép st dung cong khai cac bo dir liéu c6 san nay. Co mdt luong 16n dir liéu c6 sin trong
GEE, dang duoc str dung cho nhiéu myc dich tinh toan va phan tich [1, 15, 18]

St dung anh v¢ tinh dé 1ap ban do 16p phu bé mit khu dy trir sinh quyén, dinh lugng
theo cac moc thoi gian va tinh toan dién tich thay d01 voi ting loai phu be mat s€ cho thay
chiéu huéng, su phat trién cta khu du trit sinh quyén [1, 5, 7]. Dit liéu vién tham 13 ngudn
chinh, duoc str dung rong rdi dé phat hién thay doi trong nhiing thap ky gan day. Su thay doi
vé bé mat 16p phu co tac dong rat 16n dén moi trudng sdng toan cau [5, 7, 19]. Viéc kip thoi
phat hién va dua ra chinh sach bao tdn, phat trién bén virng tai ua da dang sinh hoc, 1a mot
cach tiép can quan trong dé dénh gia su mét da dang sinh hoc to cac khu dy trit sinh quyén
1a nhiém vu ctia cac co quan chuyén mon, to chirc trong va ngoai nudc [6, 20]. Nhiéu nd luc
da dugc thyc hién trong thip ky qua dé tinh toan sy thay doi trong cac 16p che phu dat, dic
biét 1a & cac khu vuc rimg nhung hau hét cic nghién ctru déu bi han ché vé d6 phén giai va
do chinh xac theo khong gian hoac thoi gian [21-22].

Giam sat bién dong tir phan loai 16p pht mit dat qua cac chu ky (2 ndm, 5 nam, 10
nam,...) tuy theo murc do quan trong hodc sy thay d6i nhanh hay cham tai mot khu vuc s& cd
cai nhm bao quat vé bién doi ctia cac 16p thyc phu trén bé mat dat ciing nhu sy bién ddi vé
quy hoach sir dung dt [7]. Qua s6 liéu phan tich ciia timg loai 16p phi theo cic chu ky ¢6
thé x4c dinh dugc khu vuc nao thay doi va tinh chat thay doi nhu thé nao theo thoi gian, vi
du xac dinh dugc dién tich mat nude trude day bay gio 1a dién tich dat xay dung hodc trudc
day 1a rimg bay gio 1a dat tréng,... Cau hoi dat ra van ludn 1a cac 16p phi bé mat thay doi
nhanh chéng nhu thé nao trong thoi gian da qua [7, 22]. Viéc phat hién chinh xac va hoan
toan tu dong nhiing thay déi vé 16p pha mat dat tir dir liéu vé tinh da thoi gian & d6 phén giai
khong gian trung binh 1a rat kho [23]. Dé phat hién su thay doi 16p phu mat dat hiéu qua va
chinh xéc tir cic vé tinh quan sat trai dat, con phai giai quyet céc van dé vé tinh khach quan,
chinh xac, kha ning ing dung ciing nhu cung cip quyén truy cap cho nhidu nguoi dung [1,
18]. Do vy, trong bai bao nay, nhom tac gia stir dung cong cu Google Earth Engine dé phan
tich anh Sentinel-2 chiét xuét cac thong tin vé thuc phu, nudc mat, cac ddi tuong bé mit, tir
d6 xac dinh nhiing bién dong ctia chung giai doan 2019, 2020, 2022.

2. Dir liéu va phuwong phap
2.1. Khu vuc nghién ciru

_ Khu dy trir sinh quyén rung ngap man Cﬁq Gi0 dugc hinh thanh ¢ ha luu hé thdng song
Dong Nai - song Sai Gon, nam ¢ huyén ven bién Can Gio, thanh pho Ho Chi Minh. Toa d9:
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10°22° - 10°40° d6 vi Bic va 106°46” - 107°01” kinh d6 Dong, cach trung tam Thanh phd H6
Chi Minh khodng 60 km vé phia Pong nam. Phia Bic giap huyén Nhon Trach tinh Dong Nai,
phia Nam giap bién Dong, phla Tay giap tinh Tién Giang, Long An va phia BPong giap tinh Ba
Ria - Viing Tau (Hinh 1). Tong dién tich khu dy trir sinh quyén rimg ngdp man Can Gio 1a
75.740 ha, trong d6: vung 161 4.721 ha, ving dém 41.139 ha, va vung chuyen tlep 29.880 ha.
bay la khurung ngap

min véi mot quan thé T %
dong thuc vat da dang

phong pha [24]. Pung

trudc thuc trang tang M

truong kinh té, du lich | ;
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chuyén tiép [25]. Hinh 1. Khu vuc nghién ciru.
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2.2. Dir liéu

Anh Sentinel-2 bao gdm 13 dai quang phd: bén dai co do phan giai 10 m, sau dai ¢6 do
phén giai 20 m va 03 dai 6 d¢ phén giai khong gian 60 m. Chiéu rong quy dao 1a 290 km,
phuc vu chiét tach cac thong tin vé moi trudng song cua da dang sinh hoc tai khu duy trir sinh
quyén Can Gio vé: thuc phu, nude mat, cac dbi tuong bé mit,...
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Hinh 2. So db diém iy mau.

Dir liéu mau bao gdm céc diém training va testing duoc trich xuét tir dir liéu WorldCover
2021; tir cic ban dd hién trang su dung dét cua khu vuc; tir s6 liéu cia cuc Bao tdn va Ban
quan 1y khu vuc. Toan khu vyuc dy trir sinh quyén Can Gio duoc phan loai dat va céac loai
thuc phu theo 5 16p chinh, bao gém: 16p nudc mit (ao hd, song sudi, mit nude bién,...), 1op
rimg ngap man (ring ty nhién, rimg trong), 16p dat khac (dat nong nghiép chua trong trot,
dat khai hoang, dat tréng chua str dung,...), 10p dat nong nghiép (ta, hoa mau) va 16p dat xay
dung (dat xay dung d6 thi, nha & ndng thon, cac cong trinh xay dung,...) (Hinh 2).
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2.3. Phwong phap

Cong tac phan loai 16p phu

<, 2k A L Random Forest
mat dat dugc thyc hién tuy dong

trén nén tang Google Earth _,,/"‘ f e

Engine (GEE) théng qua cac T

thuat toan dé phan tich bo dir liéu / S
khong gian va tinh toan cac tham ﬁ C>$ 6 q/’( i

sO tir ngudn tu lidu anh vién tham &b d b \\“ édb éb o 5 é5.d b '\o\‘ é
do phén gidi trung binh Sentinel-  Cay quyét dmh 1 Cay quyét dinh 2 Cay quyét dinh n
2 ¢6 san trén dién toan dam may

[;,14]. Thuat toAn Random Forest Lop-A Lép-B L6p-B

rat hi¢u qua cho cac bai toan phan l z YI =1 ‘
<y N | , Quyét theo da s6 |
loai vi né hoat dong cung luc
nhiéu mé hinh nhé hon bén trong Lép phan loai
v6i quy luat khac nhau dé dua ra
quyét dinh cudi cung [13-15].
MJbi mé hinh con c6 thé manh yéu khic nhau nhung theo nguyén tic da sb nén sé c6 co
hoi phan loai chinh x4c hon khi st dung bat ki mét md hinh don 1¢ nao. M6 hinh con bén
trong cua Random Forest 1 Decision Tree (Cay quyét dinh). Mdi cdy quyét dinh gém nut
goc (root node), cac nut 1a (leaf nodes) va cac nhanh (branches). Thuat toan RF dau tién s&
chon sb luong cac cay quyét dinh (n-tree) sau d6 chon sé lugng cac thudc tinh s& dung tai
mdi node cua ciy (m-try). Tiép theo tao cy quyét dinh bang cach hoan vi cac tip mau khoi
dong (bootstrap). Khi tao cay, tai mdi node s& chon ra m-try thudc tinh, va sir dung cac thudc
tinh nay dé tim ra cach phan chia t&t nhat. Cudi cung thu thap két qua phan tich trén tat ca
cac cdy quyét dinh va sir dung két qua duoc chon nhiéu nhat (theo da s6) lam két qua cudi
cuing [1, 13-15]. Sb luong cy quyét dinh cang nhiéu cang lam tang d¢ chinh xac két qua cua
phuong phap (Hinh 3). Céc budc phén loai 16p phu dat bang thuat toan Random Forest trén
nén tang GEE thyc hién theo so 6 Hinh 4.
Sau khi céc hinh anh da

duoc chuyén doi va phan biét | i licu dicu tra, th ap| —

Hinh 3. M6 hinh ra quyét dinh cia Random Forest.
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la phan loai hinh anh do N T
thanh ban d6 chuyén dé bao Kiém dinh Pao tao huin _| Phan loai theo
gdm cac 16p 6n dinh va thay | 30% luyén 70% thuat “’f‘” RF
doi. biéu nay céd thé duoc — P

‘A , -5 M | Hinh anh phan loai |

thuc hién kha don gian bang 7
cach ddt ngudng cho 16p thay Panh gi4 do chinh | S
d6i hodc bang cach sir dung xac két qua
cac ky thuat phan loai nhu l b
thuat toan hoc mady, quan Tinh toén dién tich
trong la bi€t cach chon cho cac I6p

ngu:é’ng phu hop ~dé phﬁI;l' Hinh 4. So @6 qui trinh phan loai 16p phu dit bang thuét toan Random
vung cac khu vyc da thay do1  Forest.

khoi cac 16p 6n dinh.
3. Két qua

Két qua phan loai dugc thé hién ¢ Hinh 5 cho cac nam 2019, 2020, 2022. B9 chinh xac
két qua phan loai sir dung ma tran nham 1an (Confusion Matrix) v6i hé sé Kappa va Do chinh
xac tong thé (Overall Accuracy - OA). Cac két qua danh gia 6 chinh xac phan loai déu dat
trén 90% ching t6 dugc do tin cdy ctia phuong phép phan loai.
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Hinh 5. Két qua chiét tach ty dong 16p phu bé mat khu du trir sinh quyén Can Gio nim 2019, 2020, 2022.

Véi chire nang phan tich bién dong 16p phu trén nén tang GEE, sir dung 3 thoi diém phan
loai nhu trén thu duoc gia tri bién dong 16p phu theo 2 giai doan 2019-2020 va 2020-2022
thé hién bang 2 hinh thirc: (1) Bang sb liéu thong ké vé dién tich. Két qua dugc hién thi dudi
dang sb theo quy dinh ctia nguoi dung gan, vi du 1 = nudc; 2 = thyc vat; 3 = dat tréng; 4=
dat xay dung; 5 = rimg két qua s& cho ra bang 101 1a Nudc chuyén thanh nudc; 102 1a nude
chuyén thanh thyc vit,... (2) Ban do vé cac ving bién dong 16p phii bé mit: thé hién cac ving

phu di co sy thay d6i tir d6i
tuong nay sang dbi twong kia
giita 2 thoi diém anh. Khi si
dung ban dd nay chong ghép
16p phu cta ting thoi diém anh
S€ théy duogc su bién dong ro
rét (Hinh 6).

Tai khu dy trit sinh quyén
Can Gio, chu yéu 1a dat mat
nuéc, chiém 39,3% dién tich ca
khu vuc. Tuy nhién, tr nam
2019 dén ndm 2020, dién tich
dat mit nuéc giam hon 10.000
ha do phan 16n chuyén sang dat
ndéng nghiép, nudi trong thuy
san. Giai doan 2020-2022 dét
mat nudc da tang trd lai hon

BAN DO BIEN DONG LOP PHU (2019-2022)
Khu Dy trir sinh quyén ngdp miin Cén Giir - TP. Hé Chi Minh
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Hinh 6. Ban d6 dién ta bién dong 16p phu khu dy trit sinh quyén
Cén Gio giai doan 2019 - 2022.

8.000 ha nhung nhin chung van giam trong ca qua trinh nghién ctru (2019-2022). Dt néng
nghi¢p va xay dung nha ctra ting manh trong giai doan 2019-2022 kéo theo di¢n tich cac loai
hinh dat trén khu vuc déu giam. Ring ngap man giam 11.000 ha va dat khac giam dang ké
(27.667 ha) dé phuc vu nhu cAu muu sinh, xay dung nha ¢, canh tac nong nghiép. Pén nam
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2022 do chinh sach cta thanh phé H6 Chi Minh d khuyén khich bao vé rimg, giao khoan
trong rimg dén 135 ho dan ctia Can Gio [3], dién tich cac loai dat da giam di (nudc mit, dat
khac) ¢ xu thé phuc hdi ting tré lai. Tde d6 ting cua dién tich dat nong nghiép va xay dung
nha ctra d3 giam han so v6i 2 nam trude. Riéng dién tich rumg ngap méan mét di chi gan 67

ha so v6i 10.000 ha giai doan 2019-2020 van 1a con sé ngoan muc dang ghi nhan (Béang 1,
Hinh 7).

Bang 1. Dién bién cac ddi twong 16p phu bé mat khu dy trir sinh quyén Can Gid va ving phat trién
kinh té xung quanh.

Dién tich phén tich ty dng tir znh vién tham SENTINEL_2 (10M) Panh gia

Ving Nim 2019 Nim 2020 Nim 2022 Bién dong 2019  Biéndong2020 Nim  Nim

(ha) (ha) (ha) - 2020 (ha) - 2022 (ha) 2020 2022

Nude mat 246.864,815  236.762,785  245.564,128 -10.102,030 8.801,343  giam ting
Rimg ngdp min 67.818,660  56.804,927  56.738,040 -11.013,733 66,887  giam  giam
Dét nong nghiép 165.483,605  204.550,098  189.498,549 39.066,493 -15.051,549  ting giam
Nha cira 75.007,476  84.724541  70.679,858 9.717,065 -14.044,683  ting giam
Dét khac 72941091 45273295  65.635072 -27.667,796 20361777 ~ gidm  tang

nhiéu nhiéu

Téng dién tich 628.115,65 628.115,65 628.115,65 0,00 0,00

Bang 2. Dién bién cac d6i tugng 16p phu bé mat cac ving chirc nang khu du trir sinh quyén Can Gio.

Dién tich phén tich ty ddng tir anh vién tham Sentinel 2 - d9 phén giai 10m Panh gia
Ving Niam 2019 Niam 2020  Nim 2022 Bién dong Bién dong Nam o022
(ha) (ha) (ha) 2019-2020 2020-2022 2020
Nude mat 1,477.05 1,630.37 1,784.75 153.32 154.37 tang tang
Rimg ngdp man 6,513.20 6,347.07 6,279.33 -166.13 -67.74  giam giam
V|%?g ?;ﬁféf,ng 29.96 153.43 66.47 123.47 -86.96  tang gism
bat xay dung 1.00 26.20 0.00 25.20 -26.20 tang nguyén
Dét khac 135.87 0.00 26.52 -135.87 26.52  giam ting
Téng dién tich 8,157.07 8,157.07 8,157.07 0.00 0.00
Nude mit 8,737.47 9,085.44  10,179.00 347.97 1,093.56  ting tang
Rimg ngap man 2899360  27,699.50  27,484.06 -1,294.10 21544  giam giam
Viing ?,fﬁféf,ng 307.04 221293 1,468.79 181589 -r4414 ting giam
dem - pji xay dung 138.14 168.35 4122 30.21 -12713  tang gidm
Dit khac 1,978.73 1,078.76 1,071.91 -899.97 -6.85  giam giam
Téng dién tich 40,244.99  40,244.99  40,244.99 0.00 0.00
Nudc mit 1519421  14530.38  14,867.27 -663.84 336.89  giam tang
Rung ngap mén 2,744.85 1,662.98 1,508.57 -1,081.87 -154.41 giam giam
N Pat nén .
C\}ﬁ;‘egn nga};ié; ¢ 224700 723560  6532.74 4,988.59 -/0286  ting giam
tiép Bf"n xdy dyng 841.86 1,130.65 820.78 288.79 -309.87  tang giam
Pat khac 5,202.08 1,670.40 2,500.64 -3,5631.67 830.24 giam tang
Téng dién tich 26,230.00  26,230.00  26,230.00 0.00 0.00

Xét vé bién dong d6i vi cac ving chire nang thi ving 16 1a viing bao ton hé sinh thai ca
rimg trong va rimg tu nhién; dong vat hoang da; thity vuc; cac béi boi, ... Cac hoat dong bao
vé, quan 1y duoc qui dinh nghiém ngat nén dién tich ca 5 d6i tuong phén loai gan nhu khong
bién dong nhiéu. Pic biét dat xay dung khong thay doi chit nao, rimg ngap min ciing dugc
bao ton kha tdt, dién tich rimg ngap man c6 giam chit it, khong dang ké. Ving dém 1a ving
bao vé vung 151, dién tich rimg ngdp min bi giam 1294,10 ha theo xu thé chung cua 2 ndm
2019-2020 nhung thay vao d6 1a dién tich dat néng nghiép tang 1én 1815.89 ha, dat xay dung
bién dong khong nhleu viéc bao ton van tdt, van theo chi truong phat trién kinh té ctia thanh
phé. Ving chuyén tiép ciing mang chirc ning bao vé ving 13i; ving dém, tao thém khong
gian cho dong thyc vat, canh quan tu nhién va c6 phuc vu du lich sinh thai két hop nong 1am
ngu nghiép nén da chiu nhiéu tac dong ciia con ngudi dén khu vire nay. Dién tich cac loai dét
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bién dong 16n, nhit 1a vé
phia Tay Béc cua khu vye, | (ha)
noi giap voi trung tam | 250000
thanh phd HS Chi Minh.

Phia Tay khu DTSQ mang 200

chitc ning khuyén khich | 150000

phat trién kinh té nén dién

tich dat nong nghiép phat H00000

trién kha manh, ting gan | seo00

5000 ha, dién tich nay '

. Lo A , 0
deQCAkhalktha(f tu ‘dat khflc NUOC MAT RUNGNGAP  DATNONG DATXAYDUNG  DATKHAC
va mot phan cua rung ngap MAN NGHIEP

man. Tuy nhién, giai doan
nay, dién tich nudc mat
ngay cang ¢ xu hudng cén
bang vé thoi diém ban dau
nghién cuou la nam 2019
(Bang 2, Hinh 6).

mNAM2019 NAM2020 mNAM2022

Hinh 7. Biéu d thé hién bién dong céc loai 16p phi bé mit khu DTSQ
Can Gio.

4. Két luin

Chiét tach thong tin 16p phit mat dat tir di liéu vién tham quang hoc Sentinel-2 béng cach
st dung phuong phap Random Forest (RF) gop phan giam thiéu chi phi ciing nhu ddy nhanh
tdc d6 thanh 1ap ban dd 16p phu mat dat tai cac thoi diém khac nhau. Xac dinh bién dong gilia
hai thoi ky st dung cong cu GEE trén nén tang dién toan ddm may rat thuan tién khong mat
nhiéu thoi gian tinh toan, chuyén d6i sang cac dinh dang ciing nhu cac phan phém khac.
Ngoai viéc 1ap ban d6 cac khu vuc khé tiép can, giai phap nay ciing gitip xac dinh cac hanh
vi 14n chiém str dung dét trai phép va cac hoat dong khai thac tai nguy@n thién nhién bira bai
dé lai dau vét trong ranh gi61 khu vyuc dugce theo doi.

Tai khu dir trit sinh quyén Can Gio, giai doan 2019-2020, dat nong nghiép va xdy dung
ting manh, dat mat nude, dat khac va dat ring ngdp man giam tuong Umg. Giai doan gan day
(2020- 2022) da c6 sy phuc hoi cua cac loai dat mat di giai doan trudc, xu thé tra dan vé tu
nhién din dén cac loai dat tro vé can bang gan voi thoi diém dau cua nghién ctu (2019).
Ving 15i 1a ving it c6 bién dong nhat, ving dém va ving chuyén tiép di c6 sy chuyén doi
manh mé&. Céc bién dong nay déu do chinh sach cua thanh phd vOi uu tién bao vé nghiém
ngat vung 101, khuyen khich trong rung tai sinh vung dém va co céu phat trién kinh té ddi voi
ving chuyén tiép. Nghién ctru ¢ thé ap dung dbi voi 11 khu du trir sinh quyén thé gidi tai
Viét Nam.

L1 cam on: Bai bao 1a mot phan két qua cua dé tai “Xay dung hé thong hd trg quan ly, giam
sat va dé xuat giai phap bao ton phat trién ben vitng cac khu dy trit sinh quyén Thé gidi tai
Viét Nam bang cong nghé vién tham”, ma s6: TNMT.2023.02.35. Céc tac gia xin chan thanh
cam on sy hop tac cla tat ca cac thanh vién d¢é tai dé thyc hién bai bao nay.

DPong gop cua tac gia: Xay dung y tuong nghién ciru: LMLH., N.K.V.; Xurly sd lidu: N.V.N.,
D.T.P.T.; Viét ban thao bai bao: B.T.P.T., V.T.T.H.; Chinh stra bai bao: V.T.T.H., B.T.P.T.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap lgi ich trong nhom tac gia.
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Abstract: World biosphere reserves are landscapes with many different ecological
characteristics that are internationally recognized. Vietnam has 11 such biosphere reserves,
of which Can Gio is located in Ho Chi Minh City, where rapid urbanization so it is inevitably
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affected, partly by social activities, other by extreme weather phenomena that have a
negative impact on the environment here. The management and protection of biosphere
reserves is a common responsibility of the whole society, especially need for a tool to
monitor ongoing changes in order to timely adjustments and focus on utilizing a
combination of existing technologies to effectively monitor these areas. The objective of
this paper is use to Google Earth Engine with Sentinel-2 data for monitor land use/ land
cover at Can Gio Biosphere Reserve on period 2019-2022. The results show that all entire
area has had strong fluctuations in the year 2019, 2020. The area of agricultural and
construction has increased leading to a decrease in the area of surface water, mangrove
forests and other land. The core area is the least volatile, transition area is the most volatile
due to tourism and residential activities. Period of 2020-2022 has seen a gradual recovery
of the areas due to reasonable development and protection policies of the city as well as the
heritage management board. These are also effective recovery signals that have a positive
impact on the environment and ecosystem of this region.

Keywords: Land use/Land cover monitoring; Can Gio Biosphere Reserve; Random Forest.
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Bai bao khoa hoc
Panh gia hiéu qua cia viéc wng dung b cong cu cinh bao ngap
lut thanh pho Nam Pinh do mwa 16n
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Tém tat: Hién nay c6 nhiéu nghién ctru xay dung hé thong canh bao sém thién tai da duoc
thyc hién trén thé gidi cling nhu ¢ Viét Nam. Thanh phé Nam Dinh 1a mét trong nhing khu
vuc xdy ra ngp lut nang né va thuong xuyén. Khi mua lon kéo dai khoang 30 phit, nhiéu
tuyén duong da bat dau ngap. Cac tuyén duong nhu Hang Thao, Ngo Quyén, May To, Tran
Phu, Tran Hung Pao... voi lugng mua trén 50mm thi da ngap tir 30-40 cm ¢ noi 50-70 mm
thoi gian ngap tir 1-2 gid. Do d0, rat can c6 mot bd cong cu dugc xay dung dé canh bao sém
ngép lut cho thanh phé Nam Dinh. Nghién ctru nay dua ra b cong cu canh bao ngap thanh
phd Nam Dinh do mua 16n véi 16i ctia hé thdng 1a mé hinh MIKE Urban d3 dugc hiéu chinh
va kiém dinh, bién mua dau véao 1a mua du bao uée lugng tir radar, vé€ tinh. Ba tran mua lon
Va0 cac nam 2022, 2023, 2024 dugc dung dé danh gia kha ning tmg dung cua bd cong cu
nay va cho hiéu qua tdt, c6 thé dua vao nghiép vu thuc té va nhan rong cho céc do thi khac.

Tur khéa: Cong cu canh béo ngép lut; M6 hinh MIKE Urban; Thanh ph6 Nam Pinh; Mua
to hgp; Mua vé tinh; Mua radar.

1. Giéi thi¢u

Trén thé gidi da va dang co nhiéu nghién ctru Gng dung cong nghé hién dai trong ngap
Ung d6 thi [1-6], dac biét ¢ thé ké dén mot vai nghién ctru nhu [7] da két hop cac mé hinh
khi quyén c6 d6 phan giai cao véi mo hinh thuy dong lyc dé du bao ngdp lut do thi. Nham
muc dich kéo dai thot gian dy bao dé giai quyet van dé Ve d6 phan giai thap va thoi gian thuc
hién ngan cua phuong phap du bao ngip ung d6 thi truyén thong. Luong mua do duoc trén
mat dat can duoc thay thé bang cac san pham mua du bao c6 d phan giai cao tir m6 hinh khi
quyén qui md trung binh (du bao thoi tiét s, NWP) lam dir liéu dau vao cua hé thong du bao
ngap (ng. Hé thong da dugc 4p dung cho khu vic Fengxi New Town (Trung Qudc). Két qua
cho thay mé hinh c6 thé dy bao chinh xac cc diém ngap tng. Xu hudng dién bién mé phong
theo dién tich va d¢ séu ngap cting phu hop vai tinh hinh thyc té, tir d6 cho thay hé thong c6
kha ndng du bao tot qua trinh ngép Ung do thi. Pham vi 1T lut dugc phat hién tir xa thu dugc
trong thoi gian gan thyc c6 thé dugc s dung dé quan 1y sy ¢ 1ii lut khan cap va lam quan
sat dé dong hoa vao cac mo hinh du bao 1ii Iyt. Cac cam bién radar khau d6 tong hop (SAR)
c6 do phan gidi cao c6 kha nang phat hién pham vi It lut & cac khu vuc d6 thi thong qua céac
dam may vao ca ban ngay va ban dém [8]. Qui trinh du bao va canh bao ngap lut do thi ¢
Han Qudc duoc xdy dung cho mot luu vuc d6 thi phirc hop trong d6 dit lién va séng duoc
két ndi hitu co [9], nghién ctru dya trén mo hinh d6 thi tich hop mé hinh luong mua - dong
chay va phuong phép dua trén dit liéu ciia mé hinh hoc sau di duoc sir dung dé dy doan thiét
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hai do 1t lut d6 thi; dy bao lii va canh bao dong chay trong do thi, mé hinh hoc sau, vanilla
ANN, dai han ngan han B6 nhé (LSTM), Stack-LSTM va LSTM hai chiéu di duoc xay dung.
Céc mo6 hinh str dung dit liéu chudi thoi gian thuy van 10 phat tir cac tram do dé canh bao
nguy co ngap lut du kién dua trén myc nudc dong chay trong d6 thi. Nghién ctru [10] du bao
1t duoc thye hién bang cach st dung két qua dau ra tir td hop WRF va Hé thong du bao toan
cau (GFS); cac mo6 hinh WRF va PCSWMM dugc két hop mét chiéu véi cac du bao lugng
mua tir ludi d6 phan giai cao ciia md hinh khi quyén dugc dwa vao mé hinh thuy vin dé tao
dur béo lii lut tai cac dia diém dugc xac dinh trudc trong thanh phd.

Ngap ung d6 thi da va dang 1a vin dé duoc quan tm trong nhiéu nim qua, mot sb dé tai
du an da va dang thuc hién véi myc dich canh bao som ngép ting d6 thi giup nha quan ly cha
dong dua ra cac ké hoach ung pho [11]. Nghién ctru [12] dua ra tiép can mod phong 2 chiéu
cho thanh phé Ha Tinh dé xac dinh nhirng nguyén nhan gay ngap lut cu thé; sau khi hiéu
chinh va kiém dinh d3 dua ra dugc bo thong s thuy van, thuy luc 1 chiéu, 2 chidu cia mb
hinh va tai liéu dia hinh da xir Iy phu hop; nghién ctru khiang dinh mot trong nhitng nguyén
nhan chinh cua ngdp lut 1a do hién trang thoat nuéc khong ddng bo giita hé théng cii va hé
thdng moi, hé théng cii ¢6 kich thude duong dng qua nho, theo thoi gian do sdu chon cong
bi thay d6i nhiéu nén khong con dii kha nang tiéu thoat nude. CAc nghién ciru [13-15] tmg
dung mé hinh MIKE FLOOD c¢6 sy két hgp cac mé dun MIKE 11, MIKE 21 va MIKE Urban,
dé thiét 1ap hé thong thoat nude khu vuc ndi thanh Ha Noi va xdy dung hé thdng du bao ngap
lut d6 thi cho khu vyc Ha Noi st dung s6 lidu mua ludi d6 phan giai cao. Nghién ctru [16]
da chi ra dugc tinh trang hé thong mat can bang cuc bo 1a nguyén nhén gy ung ngap cho khu
vuc ndi thanh Ha Noi. Dy an [17] st dung g6i phan mém thuong mai ciia DHI gom cac
modul MIKE11; MIKE21; MIKE Flood va MIKE Urban. Ngoai ra con st dung phan mém
Dowscaling (SDSM: Satistical Dowscaling Model) dé nghién ciru vé bién d6i khi hau. Viéc
thiét 1ap mo phong MIKE Urban dua ra két qua xay dung ban do ngap lut, do d6 c6 thé néi
MIKE Urban 12 mé hinh chinh ctia Dy an. Tién hanh str dung MIKE Urban dé mo phong tinh
todn qua trinh mua - dong chay trong h¢ thong cong va hé ga thu nuéc, sau d6 két ndi két
qué thu dugc v6i ludi ciu tric tao trén nén DEM dé xay dung ban d6 canh bao ing ngap cho
khu vuc nghién ctru. Nghién ctru [18] da nghién ctru Gng dung cac moé hinh MIKE FLOOD,
MIKE Urban, MIKE 21 dé d4nh gia tac dong ctia bién d6i khi hau (BDKH) dén tinh trang
ngap lut & thanh phé Nam Dinh theo 2 kich ban RCP4.5 va RCP8.5. Nghién ctru cho thiy
BDKH c6 tic dong manh dén ngdp lut ¢ thanh phé Nam Dinh, dién tich ngdp, do sau ngap
c6 nguy co tang manh, dac bit la trong thoi ky cubdi cua thé ky 21.

Qua cac nghién ctru vé ngép lut do thi trong va ngoai nudc, nhan thdy rang van dé ngép
lut d6 thi da dugc nghién ciru nhidu va chi tiét. Cac nghién ctru da sir dung cac mé hinh thuy
van, thiy luc khac nhau, cac dir liéu khi tugng thuy van (KTTV), dia hinh, dé phan tich
nguyén nhan hinh thanh, dic diém, dic trung ngap lut cac do thi; da sir dung cac ngudn mua
dur béo tir cac md hinh khac nhau dé mé phong tinh toan, xay dung ban d6 nguy co ngap lut
v6i nhiéu phuong &n khac nhau, ¢6 tinh dén sy anh huong cia BPKH theo cac kich ban da
dugc cong bd. Tuy nhién hién nay chwa c6 cong cu md phong ngap lut do mua 1én cho thanh
phd Nam Dinh va hé thong canh bao ngap ting do mura 16n cho thanh phé Nam Binh. Nghién
ctru ndy da st dung md hinh MIKE Urban dé mé phong ngap lut do mua 16n va tir 46 xay
dung dugc bd cong cu canh bao sém ngdp lut trudc 6 gid cho thanh phé Nam Dinh véi dau
vao 1 lwong mua wédc lugng tir vé tinh, radar dau ra 1a ban d6 canh bao ngap, du bao ngap
lut tai cac dia diém duge xac dinh trudce trong thanh phé va sau d6 danh gia hiéu qua cua viéc
ung dung bd cong cu trong mot vai tran mua thuc té.

2. S6 liéu sir dung va phwong phap nghién ciru
2.1. Khu vuc nghién ciru

Thanh ph6 Nam Dinh ¢ vi tri 106°12’ Dong, 20°24’ Bc, cach Ha N¢i, Hai Phong tir 80-
90 km, cach Ninh Binh 28 km va cach bién khoang 45 km. Nam Dinh 1a m¢gt thanh pho nam
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& phia Béc ctia tinh Nam Dinh va ndm ¢ trung tim dong bang Bic B c¢6 mang ludi giao
thong qudc gia: dudng bo, dudng sit, duong thiy thudn tién. Phia Bic va Pong Bic tiép giap
Thai Binh. Phia Tay Bic va Tay Nam giap cac giap huyén My Loc, Vu Ban. Phia Pong Nam
giap huyén Nam Truc [19].

Ciing nhu nhiéu thanh phé khac & Viét Nam, thanh pho Nam Dinh c6 h¢ thong thoat
nudc chung. Nude mua va nude thai tai trung tam thanh phé tap trung vao cac cong ngam
rdi d6 vao hé thong kénh thoat nuéc chung ctia khu vye. Ngoai thanh thanh phé chu yéu thoat
nudc ty nhién chay theo dia hinh roi tap trung nudc vao hé théng kénh rach hoac qua h¢
thdng cbng, tram bom cudng birc ra kénh tu nhién va song Hong. Hé thong thoat nudc trung
tam thanh phé Nam Pinh c6 cdu triic hdn hop gom 48,5 km cong bé téng cdt thép co kich
thudce tir 3002000 m; 22 km muong hé (muwong dao va muong dét) va 60 ha h, ao 1a cac
ho: Truyen Théng, Vy Hoang, Vy. Xuyén, Nang Tinh, Son Nam, Bao Boi, An Trach, Loc
Vuong, dam Do, Hang Nan. Hé thong thoat nudc trung tim thanh phd Nam Pinh duogc chia
thanh ba luu vuc thoat nudc chinh: Pong Bic, Tay Nam va Tay Bic. Mic di mang ludi thoat
nuée hién tai cia thanh phd vé co ban hoan chinh, nhung van chwa dap tng duoc yéu cau
tdch nudc mua va nudce thai. Khi ¢6 mua 16n, nudc mua khong thoat dugc do kich thude
cong khong dii tiéu chuan nén s& xuat hién cac khu vuc bi ngap. Thong ké cho thay, thoi gian
gﬁn day, murc do ngap lut do thi da tang 1én (ndm 2015 c6 8 diém ngap, nam 2023 c6 hon 20
diém ngap (thoi gian ngap 20-25 gid, d6 sau ngap khoang 30-100 cm) (Hinh 1).
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Hinh 1. Vi tri khu vuc nghién ctu.
2.2. Thu thdp sé liéu

a) S liéu mua

Dt li¢u tur tram do mua ty dong Nam Dinh, mua thyc do thu cong (nguén bai KTTV
khu vuc Déng béng va Trung du Bic Bo) dé hiéu chinh, kiém dinh m6 hinh, danh gia mua
du bdo va tai phan tich cac tran mua ngap da qua. Mua udce lugng tir vé tinh, mua udc luong
tir radar (nguén Trung tAm Du bao KTTV Qudc gia) 1am bién dau vao cho hé thng khi thuc
hién canh bdo ngép cho khu vuc nghién ctru.
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b) Dir lidu hé thong hd ga, cdng ranh va tram bom tai khu vye nghién ctru

Hé théng céng ranh va hd ga, tram bom cua thanh phé Nam Dinh dugc thu thap tur so dd
hién trang hé thdng thoat nude thai va nuée mua cta thanh phd Nam Dinh trong quy hoach
thanh phé Nam Dinh dén nam 2030, tam nhin dén nim 2050.

¢) Tai liéu dia hinh

- Str dung 16p DEM 10mx10m cua thanh phé Nam Dinh dugc thu thap tir Cuc Po dac
va Ban do Viét Nam, két hop voi 16p DEM cua dudng phd, nha cira, cac cong trinh kién trac
song, ho, ao... tir hinh anh thuc té trén Google Earth sau d6 s6 hoa bang phian mém ArcGIS.

- Dit liéu mit cit ngang cua cac song chinh trong khu vuc nghién ctru dugc thu thap tir
cac du an da thyc hién tai thanh phd Nam Dinh.

d) Vi tri khdo sat ngap

Khao sat ngdp tai cc vi tri ngdp trong thuc té da xay ra v6i C4C tran mua 1on (trén 1:
ngay 14-15/10/2020 va tran 2: Ngay 8-9/9/2021) dé hiéu chinh va kiém dinh mé hinh MIKE
Urban; cac tran mua ngay 8-9/9/2022; ngay 28/9/2023 va ngay 9/6/2024 chay thir nghiém bo
cong cu canh bao ngp cho thanh phd Nam Pinh va danh gia hiéu qua canh bao ngap cta bd
cong cu nay.

2.3. Phuong phap s dung

- M6 hinh MIKE Urban m6 phéng ngép lut tir dir liéu mua thu thép tai cac tram do mua
tu dong, do mua thu cong, mua dy bao ude lugng tir radar, v€ tinh

- Xay dung bd cong cu canh bao ngap cho Thanh phd Nam Dinh bang ngdn ngit 1ap trinh
Python va Dart véi cac chic ning chinh dugc thé hién trong hinh 2.
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Hinh 2. M6 hinh kién triic phin mém caa bd cong cu canh bao ngap lut do mua 16n trude 6 gio cho
thanh phé Nam Dinh.
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B6 cong cu canh bao ngp lut ¢6 16i 1a md hinh MIKE Urban véi mua t6 hop du bao ude
lugng tir vé tinh, wdc lugng tur radar 1am bién dau vao. Bo cong cu mo phong qua trinh mua
- dong chay trong hé thong cong va hd ga thu nude, sau d6 két ndi két qua thu duoc voi ludi
cdu tric tao trén nén DEM dé xdy dung ban dd canh béo ting ngap cho khu vuc nghién ciru
va tao du bao ngép lut tai cac dia diém duoc x4c dinh trude trong thanh phé.

3. Két qua va thao ludn

3.1. Két qud mé phéng mé hinh Mike Urban

Mb hinh MIKE Urban dugc thiét 1ap cho Thanh ph6 Nam Binh, mo hinh dugc thiét lap
mo phong nhu hinh 3 va céc vi tri khao sat ngap lut thé hién trong Hinh 1.
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Hinh 3. Mang mé phong hé théng thoat nudc thanh phd Nam Dinh trong MIKE Urban.
V6i hé théng da thiét 1ap bén trén két hop tai lidu diéu tra vét ngap thuc té voi bién dau
vao la dir liéu mua gio tai tram do mua ty dong, do mua thi cong Nam Dinh do ngay 14-
15/10/2020 dé hiéu chinh mo6 hinh va do ngay 8-9/9/2021 dé kiém dinh mé6 hinh. Két qua
hiéu chinh, kiém dinh d6 sau ngép lut dugc thé hién nhu c&c bang 1,2 va hinh 4a, b.
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Hinh 4. Két qua do sau ngap lut: (a) Hiéu chinh, (b) Kiém dinh.
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Bang 1. Sai s6 hiéu chinh m6 hinh MIKE Urban.

Vi tri ngip Dia diém Kkhio sat Thue do Tinhtoan  AH(m)
ND1 Puong Vi Hoang 0,40 0,60 0,20
ND2 Puong Nguyén Du 0,50 0,55 0,05
ND3 Puong Tran Hung Dao 0,75 0,90 0,15
ND4 Puong Ly Thuong Kiét 0,50 0,41 -0,09
ND5 Puong Luong Van Can 0,30 0,40 0,10
ND6 Puong Luong Thé Vinh 0,20 0,18 -0,02
ND7 Puong Poan Tran Nghiép 0,35 0,37 0,02
ND8 Puong Tran Pang Ninh 0,50 0,49 -0,01
ND9 Puong Tran Binh San 0,40 0,43 0,03
ND10 Puong Han Thuyén 0,65 0,79 0,14
ND11 Puong Lé Hong Son 0,35 0,32 -0,03
ND12 Puong Lé Hong Phong 0,40 0,34 -0,06
ND13 Puong Tran Quang Khai 0,35 0,30 -0,05
ND14 Puong Cau Do Quan 0,50 0,47 -0,03
ND15 Puong Hang Thao 0,65 0,69 0,04
ND16 Puong T6 Hiéu 0,50 0,55 0,05
ND17 Puong Ngd Quyén 0,60 0,55 -0,05
ND18 Puong May To 0,85 0,88 0,03
ND19 Puong Hang Tién 0,40 0,36 -0,04
ND20 Puong Hang Cau 0,60 0,50 -0,10

Bang 2. Sai s6 kiém dinh m6 hinh MIKE Urban.

Vi tri ngap Dia diém Kkhao sat Thuc do Tinh toan  AH(m)
ND1 buong Vi Hoang 0,25 0,24 -0,01
ND2 Puong Nguyén Du 0,30 0,33 0,03
ND3 Puong Tran Hung Pao 0,50 0,46 -0,04
ND4 Puong Ly Thuong Kiét 0,30 0,28 -0,02
ND5 Puong Luong Van Can 0,20 0,22 0,02
ND6 Puong Luong Thé Vinh 0,10 0,11 0,01
ND7 Puong Poan Trin Nghiép 0,27 0,22 -0,05
ND8 Puong Tran Pang Ninh 0,35 0,28 -0,07
ND9 Puong Trin Binh San 0,25 0,26 0,01

ND10 Puong Han Thuyén 0,40 0,51 0,11
ND11 Puong Lé Hong Son 0,23 0,21 -0,02
ND12 Puong Lé H6ng Phong 0,20 0,21 0,01
ND13 Puong Trin Quang Khai 0,20 0,22 0,02
ND14 Puong Cau Do Quan 0,25 0,27 0,02
ND15 Puong Hang Thao 0,40 0,36 -0,04
ND16 Puong To6 Hiéu 0,30 0,25 -0,05
ND17 Puong Ngb Quyén 0,40 0,35 -0,05
ND18 Puong May To 0,45 0,44 -0,01
ND19 Puong Hang Tién 0,30 0,42 0,12
ND20 Puong Hang Cau 0,43 0,46 0,03

73

Két qua hiéu chinh va kiém dinh ctia mé hinh cho thdy mé hinh d& mé phong tuong dbi
tdt d6 sau ngap tai maot s6 vi tri kiém tra voi sai sd do sau ngdp trung binh 1a 0,01-0,20m,
tuong quan gitra d¢ sau ngap thuc do va tinh todn khoang 0,8 (Hinh 5). Do d6, m6 hinh MIKE
Urban v6i b thong sb tim duoc s& duoc st dung dé thiét lap bd cong cu canh bao ngap cho

thanh phé Nam Dinh.
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Hinh 5. Tuong quan gitra d6 siu ngdp thuc do va tinh toan: (a) Hiéu chinh, (b) Kiém dinh.

3.2. Két qua xdy dung bé cong cu canh bdo ngdp cho thanh phé Nam Dinh

3.2.1. B9 cong cu canh bao ngap cho thanh phdé Nam Dinh

B0 cong cu canh bdo ngdp lut duoc xay dung vdi I6i ctia bd cong cu 1a md hinh MIKE
Urban m6 phong ngép lut cho thanh pho Nam Dinh da dugc hi¢u chinh - ki€ém dinh d€ tim ra
bd thong so phu hgp. Hinh 6 1a giao dién chinh ctia b cong cu.
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Hinh 6. Giao dién bd cong cu canh bao ngép lut thanh phé Nam Pinh do mua 16n.

3.2.2. Thir nghiém b cong cu v6i mot s6 tran mua ngap

Trong khuon khé nghién ctru ndy, trude hét sir dung mua t6 hop du bao thoi han 06h
wéc luong tir radar va udc lugng tir vé tinh [23] dé dénh gia hiéu qua cta bd cong cuy, trong
tuong lai s€ thém modul st dung mua dy bao thoi han tir 06h-48h tir cdc mo hinh dy bao sb
khi tugng dé tang thoi han canh bao sém ngap lut cho thanh phd Nam Dinh.

a) S6 liéu mua du bao tran muwa 8-9/9/2022 véi han du bao 06h

Bang 3. Mua td hop udc luong tir v¢ tinh va radar va mua thuc do tir tram do mua ty dong Nam Pinh

(Pon vi: mm).

. Phia tay Tp. ,an Phia nam Tp. N
Mg PO Nambh  POSIRNST Nampin M i
: : 20.33’-106.07° : i : 20.31°-106.18° : :
8/9/2022 19 2.4 1.0 2.9 2.2
8/9/2022 0,9 1,0 0,3 2,1 10,0
8/9/2022 0,9 2,6 0,0 3,2 6,6
8/9/2022 1,6 2,9 15 4.4 6,1
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. Phia tay Tp. ,an Phia nam Tp. ~
moigan DA o PRGUETRNGT o i
i : 20.33’-106.07° : i : 20.31°-106.18° : :
8/9/2022 8,9 7,2 8,1 8,1 19,9
9/9/2022 12,0 9,7 10,8 10,4 17,7
9/9/2022 31,3 49,5 10,9 11,4 56,8
9/9/2022 21,6 20,6 10,9 12,8 56,6
9/9/2022 8,7 8,1 8,2 10,9 11,9
9/9/2022 47 5.2 4,1 7.3 8,8
9/9/2022 472 3,4 5,6 52 1,9
9/9/2022 55 3.1 53 3.2 0,8
9/9/2022 6,2 49 6,7 46 15
9/9/2022 6,3 7.1 6,6 59 3,9
9/9/2022 9,9 11,7 55 7,6 59
9/9/2022 4.4 6,9 1,7 5,0 75
9/9/2022 6,9 6,4 4.2 12,1 46
9/9/2022 48 5,9 35 8,9 2,0
Tong 140,7 158,6 94,9 126,0 2247
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Hinh 7. (a) Cac diém trich xuit mua wéc lwong, (b) Anh radar tai tram Radar Phu Lién l0c 21h30
ngay 08/9/2022; (c) Anh vé tinh lic 21h30 ngay 08/9/2022, (d) Anh mua dy bao ltc 21h30 ngay
08/9/2022 [25].

K> N 2%0N808222 Y

Két qua bd cong cu duoc so sanh véi cac vi tri ngdp xdy ra trong khu vuc nghién ctru va
dugc thé hién trong hinh 8 va bang 4.

Bang 4. Sai s6 két qua bd cong cu canh bao ngép lut.

Vi tri ngip Dia diém khio sat Thue do Tinhtodn  AH(m)
ND1 Duong Vi Hoang 0,30 0,29 -0,01
ND2 DPuong Nguyén Du 0,40 0,43 0,03
ND3 Puong Tran Hung Pao 0,65 0,50 -0,15
ND4 Puong Ly Thuong Kiét 0,50 0,35 -0,15
ND5 Puong Luong Van Can 0,25 0,27 0,02
ND6 Puong Luong Thé Vinh 0,20 0,15 -0,05
ND7 DPuong Poan Tran Nghiép 0,30 0,27 -0,03




Tap chi Khi twong Thuy van 2025, 770, 68-83; d0i:10.36335/VNJHM.2025(770).68-83 76

Vi tri ngip Pia diém khao sat Thuc do Tinhtodn  AH(m)
ND8 Puong Trép bang Ninh 0,40 0,38 -0,02
ND9 Pudng Tran Binh San 0,35 0,36 0,01
ND10 DBuong Han Thuyén 0,57 0,48 -0,09
ND11 DBuong Lé Hong Son 0,43 0,31 -0,115
ND12 DBuong Lé Hong Phong 0,25 0,21 -0,04
ND13 DBuong Tran Quang Khai 0,30 0,32 0,02
ND14 Puong Cau Do Quan 0,55 0,37 -0,18
ND15 buong Hang Thao 0,55 0,46 -0,09
ND16 DBuong T6 Hiéu 0,40 0,42 0,02
ND17 Puong Ngbd Quyén 0,50 0,45 -0,05
ND18 buong May To 0,60 0,54 -0,06
ND19 Puong Hang Tién 0,35 0,32 -0,03
ND20 Puong Hang Cau 0,55 0,46 -0,09
07 06
®Thyc do ™ Tinh todn °
0.6 05 R2=0.7917 e
b=t ° .
£05 €04 : .
S04 = o . .
2 =03 ; <O e
(é 0.3 S .
802 502 ¢
- .
0.1 | | Q0.1
222222222508050502858352858 0.1 03 05 07
@ Vi tri ngdp Do sau ngép thue do (m) (b)

Hinh 8. (a) So sanh két qua canh bao ngap tir bd cong cu vdi sb lidu thuc do, (b) Tuong quan gitra
ngap thuc do va dy béo trong tran mua ngay 8-9/9/2022.
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Hinh 9. Ban d6 canh bao ngép 16n nhat thanh phé Nam Binh véi s6 liéu muwa du béo ngay 8-9/8/2022.

C6 thé nhan thay bd cong cu canh bao ngap lut thanh phé Nam Dinh da dua ra két qua
tuong d6i chinh xac; cac vi tri ngdp xdy ra trong thuc té d3 mo phong duoc va sai 5O gitta d6
sau ngdp lut du bao tir bd cong cu voi d6 sdu ngdp lut xay ra trong thuce té 1a tuong dbi thap
(0,03-0,18 m). Theo bang 3 mua t6 hop udc luong tir vé tinh va radar thién thip hon so véi
mua thyc do tai tram Nam Dinh va trong hinh 8, bang 4 ciing cho thiy do sau ngap tinh toan
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thién thap hon so v6i d6 sau ngap khao sat duge. Két qua cudi ciing bd cong cu dua ra ban
d6 canh bao ngap lut thanh phé Nam Dinh nhu hinh 9. C6 thé nhan thiy b cong cu canh bao
ngép lut thanh phé Nam DPinh da dua ra ban dd thé hién duogc toan bd céc vi tri ngdp va do
sau ngap tuong ddi chinh xéc so véi thuc té.

b) S6 liéu mua dy bao trdn mwa ngdy 28/9/2023 vé6i thoi han du bao 06h

Téng luong mua tir 01h00 dén 13h00 ngay 28/9/2023 14 168,0 mm. Trong trin mua nay
nhiéu tuyén dudng ciia thanh phd Nam Dinh ngp ning nhu cac tuyén dudng: Han Thuyén,
Hung Vuong, Tran Hung Dao... ngdp sau 50-70 cm [24]. Trong tran mua nay luong mua to
hop udc lugng tir radar va udc lugng vé tinh déu thép hon lugng mua thuc do tai tram do
mua ty dong (Bang 5).

Bang 5. Mua td hop udce luong tir vé€ tinh, radar va mua thuc do tir tram do mua ty dong Nam Dinh
(Pon vi: mm).

Phia tay

Phia dong

Phia nam

Théi gian ;f gf’_’i‘o}gil"slf TP.Nam Pinh  TP.Nam Dinh TP.Nam Dinh M“;;l‘fl ‘;;-’;% tai
. : 203310607 20.43°-10623°  20.31°-106.18’ !
01:00 28/09 0,2 0,0 0,0 0,0 0,0
02:00 28/09 0,2 0,6 04 0,0 0,2
03:00 28/09 6,4 3,2 58 0,0 4,8
04:00 28/09 5,6 0,2 0,0 0,0 1,2
05:00 28/09 0,0 0,0 0,4 4.2 13,2
06:00 28/09 6,0 458 31,0 44,2 65,8
07:00 28/09 36,0 374 16,0 15,2 12,6
08:00 28/09 9,4 11,4 7,2 2,4 23,0
09:00 28/09 7,2 8,6 14,6 4.2 13,8
10:00 28/09 23,2 7.4 1,8 2,8 26,6
11:00 28/09 33,2 2.8 48 24 34
12:00 28/09 2.2 2,6 36 16 2.4
13:00 28/09 0,4 1,0 0,2 0,2 1,0
Téng lwong 130,0 121,0 85,8 77,2 168,0

Hinh 10. (a) Anh radar lac 09h00 ngay 28/9/2023,
(b) Anh v¢ tinh lic 09h00 ngay 28/9/2023, (c) Anh
mua dy bao luc 09h00 ngay 28/9/2023 [25].

Bang 6. Sai s6 két qua bd cong cu canh bao ngép lut.

Vi tri ngap Dia diém khio sit Thue do Tinh todn  AH(m)
ND1 Puong Vi Hoang 0,25 0,27 0,02
ND2 Duong Nguyén Du 0,38 0,42 0,04
ND3 Duong Trin Hung Bao 0,55 0,60 0,05
ND4 Puong Ly Thuong Kiét 0,41 0,40 -0,01
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Vi tri ngap Dia diém khio sat Thue do Tinhtodn  AH(m)
ND5 Puong Luong Van Can 0,23 0,30 0,07
ND6 Puong Luong Thé Vinh 0,18 0,20 0,02
ND7 Puong Poan Trin Nghiép 0,31 0,25 -0,06
ND8 Puong Tran bang Ninh 0,45 0,40 -0,05
ND9 Puong Tran Binh San 0,40 0,37 -0,03

ND10 Puong Han Thuyén 0,50 0,48 -0,02
ND11 Puong Lé Hong Son 0,30 0,28 -0,02
ND12 Puong Lé Hong Phong 0,27 0,25 -0,02
ND13 Puong Tran Quang Khai 0,29 0,33 0,04
ND14 Puong Cau Do Quan 0,30 0,35 0,05
ND15 Puong Hang Thao 0,45 0,41 -0,04
ND16 Duong T6 Hiéu 0,36 0,40 0,04
ND17 Puong Ngo Quyén 0,47 0,45 -0,02
ND18 Puong May To 0,65 0,53 -0,12
ND19 Puong Hang Tién 0,32 0,37 0,05
ND20 Puong Hang Cau 0,60 0,56 -0,04

78

Két qua bd cong cu duoc so sanh véi cac vi tri ngdp xay ra trong khu vuc nghién ctru va
dugc thé hién trong hinh 11 va bang 6.
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Hinh 11. (a) So sanh két qua canh bao ngap tir bd cong cu véi s liéu thyc do, (b) Tuong quan giira
ngép thuc do va du bao trong tran mua ngay 28/9/2023.

Hinh 12. Ban d canh bao ngap 16n nhét thanh phé Nam Binh véi s6 liéu mua du bao ngay 28/9/2023.
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Céc vi tri ngap xdy ra trong thuc té dd moé phong duoc va sai sd gitta do sau ngap lut du
béo tir b cong cu véi do sau ngap lut xay ra trong thuc té tir 0,01-0,12 m. Két qua cudi cing
bd cong cy dua ra ban d6 canh bao ngap lut thanh phdé Nam Binh nhu hinh 12.

c) S6 liéu mua du bao trdn mua 9/6/2024 véi thoi han du bao 06h

Téng lugng mua tir 00h00 dén 09h00 ngay 9/6 tai Nam Pinh 1a 120,0 mm, mua t6 hop
ude lugng tor Radar va udc lugng tir v€ tinh tai Tp.Nam Dinh 14 170,0 mm cao hon so v&i
mua thyc do (Bang 7).

Bang 7. Mua t6 hop udc lugng tir v¢ tinh, radar va mua thyc do tur tram do mua ty dong Nam Dinh

(Pon vi: mm).

. Phia tay Phia dong Phia nam N .
Théi gian zTopﬁ?-Toiz!fsh’ Tp.Nam Pinh  Tp.NamPinh  Tp.Nam Pinh M“;;r‘fl ‘g’iﬁ% tal
) ) 20.33°-106.07  20.43°-106.23° 20.31°-106.’18 :
9/6/2024 0:00 0,8 1,2 7,0 7,0 438
9/6/2024 1:00 2,2 18,8 31,0 6,2 38
9/6/2024 2:00 2,6 42,8 9,6 218 6,2
9/6/2024 3:00 5,4 15,8 278 10,2 8,8
9/6/2024 4:00 138 5,4 20,6 1,0 12,4
9/6/2024 5:00 42,4 28 9,2 17,8 41,6
9/6/2024 6:00 46,4 32 0,2 18,2 31,6
9/6/2024 7:00 23,0 72 8,2 9,2 52
9/6/2024 8:00 20,4 21,8 18,0 41,0 48
9/6/2024 9:00 16,6 14,0 7,6 18,0 08
Téng lwong 173,6 133,0 139,2 150,4 120,0

Két qua b cong cu duoc so sanh véi cac vi tri ngdp xay ra trong khu vuc nghién ctru
dugc thé hién trong hinh 13 va bang 8.
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Hinh 13. (a) So sanh két qua canh bao ngap tir bd cong cu véi sé liéu thyuc do, (b) Twong quan giita
ngép thuc do va du béo trong trdn mua ngay 9/6/2024.

Bang 8. Sai s két qua bd cong cu canh bao ngép lut.

Vi tri ngap Pia diém khio sat Thue do Tinhtodn  AH(m)
ND1 Puodng Vi Hoang 0,18 0,30 0,12
ND2 Puong Nguyén Du 0,30 0,38 0,08
ND3 Pudng Tran Hung Pao 0,50 0,65 0,15
ND4 buong Ly Thuong Kiét 0,38 0,45 0,07
ND5 Puong Luong Van Can 0,18 0,30 0,12
ND6 Puong Luong Thé Vinh 0,15 0,18 0,03
ND7 Puodng Poan Tran Nghiép 0,25 0,20 -0,05
NDS8 Puodng Tran Ping Ninh 0,40 0,51 0,11
ND9 Puodng Tran Binh San 0,32 0,50 0,18
ND10 Puong Han Thuyén 0,38 0,45 0,07
ND11 Puong Lé Hong Son 0,24 0,26 0,02
ND12 Puong Lé Hf“)ng Phong 0,22 0,27 0,05
ND13 Puong Tran Quang Khai 0,20 0,15 -0,05
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Vi tri ngap Dia diém khio sat Thuc do Tinh toén AH(m)
ND14 Puodng Cau Do Quan 0,15 0,17 0,02
ND15 DPuong Hang Thao 0,39 0,40 0,01
ND16 Puong T6 Hiéu 0,30 0,32 0,02
ND17 Pudng Ngo Quyén 0,40 0,43 0,03
ND18 buong May To 0,50 0,48 -0,02
ND19 buong Hang Tién 0,23 0,25 0,02
ND20 buong Hang Cau 0,42 0,50 0,08

Céc vi tri ngdp xay ra trong thuc té di mo phong duogc va sai sd gitta d6 sau ngap lut du
bao tir bd cong cu voi do sau ngdp lut xay ra trong thuc té tir 0,01-0,18 m. D9 sau ngdp tinh
toan thién cao hon so voi do sau ngap thuc té. Luong mua du bao cling thién cao hon so véi
luong mua thyuc té da Xay ra. Téng lwgng mua du bao ca tran tai Nam Dinh 1a 170 mm, téng
luong mua thuc té tai tram do mua tu dong 1a 120 mm. Két qua cudi cung bd cong cu dua ra
ban d6 canh bao ngp lut thanh phé Nam Dinh nhu hinh 14.
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Hinh 14. Ban d6 canh bao ngap thanh phd Nam Pinh véi s6 liéu mua du bao ngay 9/6/2024.

Thir nghiém bd cong cu canh bao ngap thanh phé Nam Dinh véi 3 tran mua dy bao trén
dé danh gia hiéu qua cua viéc ing dung bd cong cu canh bao ngap lut thanh phd Nam Dinh
do mua 1én c6 thé nhan théy b cong cu da du bdo duoc di¢n tich ngap va do sau ngédp phu
hop véi tinh hinh thyc té. Sai sd gitra d6 sau ngap du bao va thyc té trong ddi thap (0,01-
0,18 m), hé sd tuong quan giita md phong va thyc té tir 0,7-0,8 cho thay hé thdng c6 kha ning
du béao tdt qua trinh ngép ung cho thanh phé Nam Dinh. Chét lugng du bdo, canh bao cua b
cong cu canh bao ngap phu thudc rat nhiéu vao udc lwong mura tur radar, v¢ tinh, dg bao mua
cac md hinh du bao sb khi tugng. Nhu céc tran mua nam 2022 va 2023 du bdo mua thién
thép so v6i mua thue do dan dén do sau ngap du bao thép hon dd sau ngap thuc té. Trong
trdn mua nam 2024 du bao mua thién cao do d6 do sdu ngdp du bao cling thién cao so voi
thue té.
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4. Két luan

Bai bao di nghién ctru tmg dung mé hinh MIKE Urban dé mé phong ngap lut thanh phd
Nam Dinh, tir d6 xay dung bd cong cu canh bao ngap lut khu vuc nghién ctru dya trén s6 lidu
mua du bao tai Nam Dinh. Két qua hiéu chinh - kiém dinh v&i hai tran mua 16n xay ra trong
thanh ph6 Nam Dinh di tim duoc bo thong sb phu hop.

M6 hinh nay di duoc str dung dé xdy dung cong cu canh bao ngap lut db thi tai Pai Khi
twrong Thiy van khu vire Dong bang va Trung du Bic Bo. Két qua nghién ctru nay s& duoc
tich hop vao hé théng canh bao sém cho Pai Khi twong Thiy van tinh Nam Dinh. Ngay sau
khi ¢6 dir liéu du bao lugng mua, ban dd canh bao nguy co 1 lut va du bao ngap lut tai cac
dia diém duoc xéac dinh trudc trong thanh phé s& dugc ban hanh. Dya trén két qua nay, nguoi
du bao s& cung cip ban tin canh bao cho cac co quan va nha quan 1y c6 lién quan dé dua ra
cac bién phap ung pho phu hop nhu: chi dao giao thong tranh cac doan duong c6 kha nang
nguy hiém c6 kha ning ngép lut cao, kiém tra tinh trang nip hd ga thoat nudc. Sau khi danh
gia hiéu qua cua viéc img dung bo céng cu canh bao ngap lut thanh phé Nam Dinh do mua
16n, bd cong cu s& duge thém ciac modul tich hop v6i cac mé hinh du bao s6 khi tuong dé
tang thoi han du bdo lén dén 48h. Uu diém cua bd cong cu nay so véi cac by cong cu da xay
dung cho cac d6 thi khac (nhu thanh phé Ha Noi) d6 1a s6 lidu dau vao dugc cip nhat tu
dong. Co6 nhiéu ngudn luong mua dau vao (mua ude luong tur radar, mua udc luong tir v¢
tinh, mua dy bao tir cac mo hinh NWP) gilp céc du bao vién ¢6 nhiéu tham khao khi dua ra
cac du bdo va khi nguon dir liéu dau vao nay gip su ¢ c6 thé sir dung duoc ngudn dit liéu
khac, phit hop. C6 thé md rong tich hop thém canh bao ngap cho céc d6 thi di xdy dung mo
hinh mé phong ngap lut nhu thanh phd Thai Binh [26].

Nghién ciru va phat trién cac kich ban du bao ngap lut d6 thi co tinh dén tac dong cia
bién d6i khi hau 1a mot van dé khac ciing duoc nghién ciru sdu hon trong quy hoach d6 thi
trong tuwong lai gan vi trong hé théng md hinh MIKE Urban, c6 thé cap nhat thém cac cong
trinh thoat nudc theo quy hoach phat trién va tinh toan theo cac kich ban dau vao cua bién
d6i khi hau dé dua ra cac kich ban du béo trong twong lai.

DPong gop cua tac gia: Xay dung y tuong nghién coru: L.T.H., N.T.L.; Xt ly sd liéu: D.T.D.,
P.T.D.T., V.T.T.H.; Viét ban thao bai bao: D.T.H.T., L.T.H.; Chinh stra bai b4do: D.T.N.H.,
L.T.H.

Léi cam on: Bai bao hoan thanh nho vao két qua cua dé tai: “Nghién ctru xay dung hé thong
canh bao ngdp ung do mua l6n dya trén cach tiép can du bao toi hop cho mét s6 do thi khu
vuc Pong bang Bic Bo”.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Evaluate the effectiveness of applying the flood warning toolkit in
Nam Dinh city due to heavy rain

Le Thi Hue'*, Dao Tien Dat?!, Dinh Thi Huong Thom?, Pham Thi Dieu Thuy?!, Ngu Yen
Thu Lan?, Do Thi Ngoc Hoa?, Vu Thi Thanh Huyen'?

! Northern Delta and Midland regional Hydrometeorological Center
minhhuekttv@gmail.com; daodat81@gmail.com; thomdth91@gmail.com; phamdieu-
thuykttv@gmail.com; nguyenlandbbb@gmail.com; ngochoakttv@gmail.com; vthu-
yen1999@gmail.com

Abstract: Currently, many studies on building natural disaster early warning systems have
been carried out in the world as well as in Vietnam. Nam Dinh city is one of the areas with
heavy and frequent flooding. When heavy rain lasted about 30 minutes, many roads began
to flood. Roads such as Hang Thao, Ngo Quyen, May To, Tran Phu, Tran Hung Dao... with
rainfall over 50 mm, were flooded by 30-40 cm, some places were 50-70 mm, and flooded
for 1-2 hours. Therefore, there is a great need to have a set of tools built to provide early
warning of flooding for Nam Dinh city. This study presents a toolkit to warn of flooding in
Nam Dinh city due to heavy rain. The core of the system is the MIKE Urban model that has
been calibrated and tested, the input rain boundary is forecast rain estimated from radar and
satellite. Three heavy rains in 2022, 2023, 2024 were used to evaluate the applicability of
this toolkit and showed good effectiveness, which can be put into practical operations and
replicated for other urban areas.

Keywords: Flood warning tool; MIKE Urban model; Nam Dinh City; Combined rain;
Satellite rain; Radar rain.
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Bai bdo khoa hoc

Nghién ctru gidm sat hoat dong ciia cac ho chira trén luu vue séng
Pa ngoai lanh thd Viét Nam tir dir liéu vé tinh va dia hinh trén
nén tang Google Earth Engine

Tran Manh Cwong'*, Nguyén Tién Giang?, Trin Anh Phwong!, Nguyén Anh Pirc!

1 Vién Khoa hoc tai nguyén nudc, B Tai nguyén va Mai trudng; man-
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2 Trudong Pai hoc Khoa hoc Ty nhién, Pai hoc Quoc gia Ha Noi; giangnt@vnu.edu.vn
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Tém tit: Trong nhiing nim qua, hé thong cic hd chira xay dung trén thuong ngudn song
Da ngoai lanh tho Viét Nam da lam thay d6i ché do dong chay tu nhién trén séng, anh huong
dén cong tac du bao, van hanh hd chtra va quan 1y tai nguyén nudce trén luu vye. Do do viée
nghién ctru hoat dong ctia cac ho chira ndy 1a nhiém vu réat can thiét. Nhirng tién bo gan day
ctia cong nghé vién tham da cho phép giam sat hoat dong ciia cac hd chira ngoai 1anh thd
tuong dbi hiéu qua. Bai bao trinh bay mot phuwong phép hién dai trong giam sat hd chira
ngoai lanh tho sir dung két hop thuat toan Otsu va cong nghé vién tham trén nén tang Google
Earth Engine dé danh gia nhanh bién dong vé dién tich mat nudc, dung tich va myc nude
cac hé chira. Két qua kiém chimg voi ho chira & Viét Nam cho thay phuong phap dugc deé
xudt c6 kha ning giam sat tot bién dong cua cac hd chira. Khi ap dung cho cac hd chira ngoai
lanh tho trén song Da trong giai doan 2018-2023, nghién ctru da xac dinh duoc quy luat van
hanh co ban cuia cac hd chira nay. Theo do6, cac h6 chira thudng tich nude trong khoang thoi
gian thang 7 dén thang 12 va xa nude trong khoang thoi gian tir thang 1 dén thang 6. Két
qua cua nghién ctru nay s€ lam tién dé quan trong cho viéc xac dinh quy trinh van hanh cac
hd chura ngoai lanh tho va tich hop cac quy trinh ndy vao cac mé hinh du bao dong chay
ngoai lanh thd vao Viét Nam.

Tir khéa: Song Pa; Ho chira; Vién tham; Google Earth Engine; Otsu.

1. Mé dau

S6ng Pa 1a phy luu 16n nhat trong hé thong song Hong, tong dién tich luu vie song Ba
1 52.900 km?, trong d6 phan thudc lanh thé Trung Quédc chiém khoang 47%, phan thudc
lanh thé Viét Nam khoang 51% va khoang 2% thudc 1anh thé Lao [1]. Trén dong chinh séng
ba thudc dia phan Viét Nam, nhiéu ho chira da duoc xay dung voi myc tiu phat dién, phong
1ii, cp nudc cho ha du [2], hang nim cung cap san luong dién 16n va c6 vai tro quan trong
dbi v6i an ninh nang luong va an ninh nguén nude quoc gia. Hién nay, phan luu vuc séng
Pa thude Trung Qudc c6 sau hd thity dién 16n trén dong chinh gdm Yayangshan, Shimenkan,
Longma, Jufudu, Gelantan, Tukahe. Tir khi cac hd chtra nay di vao hoat dong, dong chay
song Da vé Viét Nam c6 nhiéu thay doi, da c6 sy phan phdi lai dong chay mua ¢ ha luu song
[3]. Cac ho chira thuong ngudn séng Pa lam ting dong chay vao mua kho va giam dong chay
vao mua mua, va ca nam. Cu thé, tai tram Lai Chau, vao mua kho dong chay tang tir 22,74%
(giai doan 1961-2006, trudc khi co cac hd chira Trung Qudc) 1én 29,34% (giai doan 2007-
2014, sau khi ¢6 cac hd chira Trung Qudc) [4]. Trong bdi canh s6 liéu van hanh cac hd chira
nay chua duoc chia sé cho Viét Nam [1], viéc van hanh cac hd chira da gay ra nhitng kho
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khan rat 16n cho cong tac du bao, quan 1y tai nguyén nude. Do do, viée giam sat dién bién hod
chira Trung Quoc ngoai lanh tho trén thuong nguon song Pa sir dung cac cong ngh¢ giam sat
gian tiép 1a rat can thiét, phuc vu cung cip thong tin, gop phan nang cao chit luong dy bao
va quan ly tai nguyén nudc trén song Da noi riéng va song Hong no6i chung.

Trong nhimg ndm gan déy, v6i su phat trién ciia cong nghé xir Iy anh va sy gia ting ciia
cac nguon anh vién tham mo voi do phan giai khong gian, thoi gian ngay cang cao, viéc giam
sat hoat dong cua cac hd chira ngoai lanh thé tir vién tham ngay cang trd nén kha thi. Trong
cac nghién ctru sir dung céng nghé vién tham dé giam sat hd chira, phuong phap giam sat
thong qua bién dong dién tich mat nuéc ho 1a phuwong phap dugc ap dung rong rai nhit.
Phuong phap nay cho phép xac dinh dién tich mit nude ho chira tir giai doan anh vién tham.
Sau d6, cac dac trung myc nude va dung tich hd s& duge xéac dinh dua vao cac dudng quan
hé dic tinh hd muc nudce - dién tich mat nudc va dung tich - dién tich mit nuée [5, 6]. Céc
dudng dic tinh nay thudng c6 sin v6i cac hd chira trong nude [7]. Tuy nhién, véi cac hd chira
ngoai lanh thd, cac dudng nay thuong phai dugc xay dung tir mé hinh sb d6 cao (DEM) [8—
11] hodc tir s6 liéu do dac muc nudce ho va dién tich mat nuwée [12]. Phuong phap sir dung sd
liéu do dac muc nudce va dién tich mat nude doi hoi cac dir liéu duoc thu nhan tai cac thoi
diém gidng nhau méi dam bao do chinh xac trong mbi quan hé giira cac thong sd hd chua.
Trong bdi canh do, viéc st dung dir liéu DEM dia hinh cua hd chira dé xay dung quan hé
giita cac thong sd muc nudce, dién tich mit nude, dung tich ho 1a giai phap duoc nhiéu nghién
ctru sir dung [13, 14]. Chang han, nghién ctru [15] sit dung DEM tir ngudon SRTM dé xay
dung mdi quan hé dién tich mit nudc - cao d6 mit nudc - dung tich hd dé udce tinh sy thay
d6i luu trit nudc cta cac hd chia trén khu vyc tiéu ving Mé Cong mé rong. Nghién ctru [16]
da str dung anh vé tinh Sentinel 1 cting véi mé hinh sé d6 cao dé ude tinh lugng nudc duogc
giit lai trong cac ho. Dy an giam sat dap trén song Mé Cong cua trung tam Stimson [10] dung
dir liéu vé tinh Sentinel 1 dé xac dinh dién tich mat nudc, két hop str dung DEM cung nén
tang xur ly dam may Google Earth Englne (GEE) d¢ giam sat bién dong ho chira. Nghlen cliru
[17] d& xuat mét phuong phap ket hop viéc st dung DEM va hinh anh Landsat véi GEE dé
giam st cac s6 liéu ho chira gdm dién tich bé mat, muc nudc va dung tich hitu ich. Trong
nude, cac nghién ciru ciing duoc thuc hién dé giam sat dung tich hd chtra. Nghién ciru [18]
tinh todn myc nudc va dung tich hd tir anh vé tinh tuy nhién can phai tai va xir Iy timg canh
anh. Nghién ctru [19] két hop anh v¢ tinh radar va vé tinh quang hoc dé xac dinh mat nude
ho chira, tuy nhién cac dir liéu vé tinh nay c6 do phéan giai khac nhau s& dan dén khong dong
nhat, viéc x4c dinh ngudng thu céng cho nhiéu canh anh sé& ton nhleu thot gian.

Nghién ctru nay tlen hanh nghién ctru cac ho chira thuong ngudn song Ba bén ngoai lanh
thd trong nhimg nim gan day dé xem xét tac dong ciia cac hd nay dén ché do thiy van phia
ha luu thuoc Viét Nam. Bai bao st dung thuét todn Otsu, cho phép tu dong tim ra gia tri
ngudng linh hoat dé phan tich mat nudc theo timg diéu kién canh anh khac nhau. Khi nghién
ctru v6i lugng 16n cac canh anh vé tinh, so v6i phuong phap phan tich st dung ngudng cd
dinh, nhin chung thuat toan Otsu cho két qua xac dinh dién tich mit nude hd chinh xac hon
[20, 21]. Pong thoi, dé giam anh hudng ctia may, nghién ctu cling st dung anh vé tinh
Sentinel 1, 13 loai vé tinh radar nham cung cdp nhiéu dit liéu anh vé tinh hon va do d6 gidp
cung cap thong tin vé ho chira lién tyc. Cudi cung, dé ting hidu suat xir 1y, toan bo dir liéu vé
tinh duoc thuc hién tinh toan trén nén tang GEE v6i cac cong cu manh mé trong xtr 1y anh
vién tham, phan tich khong gian va kha ning tinh todn vuot trdi trén may chu ctia Google,
thuat toan Otsu ciing duoc 1ap trinh tinh toén trong GEE. Nén ting GEE giip viée xur 1y, giai
doan nhiéu canh anh dugc thyc hién cing ldc, nhanh chong ma khong can tai vé timg anh
v6i d0 tin c@y cao [22, 23]. Nho xdy dung trén nen tang, viéc giam sat hd chira co thé duoc
thue hién theo gan thoi gian thuc, phuc vu cung cip kip thoi hién trang cac hd chira. Day 1a
huong nghién ciru dang dugc nghién ciru rong réi trén thé gi61 nhung con tuong d6i méi &
Viét Nam vé tng dung coéng nghé vién tham trong giam sat ho chira ngoai lanh thd.
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2. Dir liéu va phwong phap nghién ctru

2.1. Khu v nghién cuu

Bai bao tién hanh nghién ciru cac hd chira da dugc xay dyng va van hanh trén thuong
ngudn séng Da bén ngoai lanh thd Viét Nam, gom: Yayangshan, Shimenkan, Longma,
Jufudu, Gelantan, Tukahe, trong giai doan 2018-2023, nham xac dinh tic dong gan nhat cua
cac hd chtra bén ngoai lanh thd dén ha lwu song Pa. Vi tri va cac thong tin co ban vé cc hd
chtra nay dugc trinh bay & Bang 1 va Hinh 1.
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Hinh 1. Cac hd chira nghién ctru trén thuong luu song Da bén ngoai lanh thd Viét Nam.

Bang 1. Thong tin chinh ctia cac hd chira nghién ciru.

' Nam xay dung - Dung tich ho 2 N
Ho chira Nim vin hanh (tridu mY) Chiéu cao dap (m)
Yayangshan 2003 - 2006 247 88
Shimenkan 2007 - 2010 197 116
Longma 2003 - 2007 590 135
Jufudu 2004 - 2008 174 95
Gelantan 2003 - 2008 409 113
Tukahe 2003 - 2008 88 59,2

2.2. Dir liéu nghién curu

- Anh vé tinh: Dit liéu vé tinh Sentinel 1 SAR GRD véi d6 phan giai 10 m duogc thu thap
trong giai doan 2018-2023 tir Co quan Hang khong vii try Chau Au.

- M6 hinh sé d6 cao: Bai béo str dung dit liéu DEM la NASADEM véi d6 phan giai 30
m dé md phong dia hinh cac ho chura, day 1a dir liéu co do tin cdy cao khi dugc cai thién bang
cach két hop dit liéu phu tro tir cac bé dit lieu ASTER GDEM, ICESat GLAS va PRISM. Dit
liu dugc thu thap tr Co quan hang khong vii tru My NASA.



Tap chi Khi twong Thuy van 2025, 770, 84-96; doi:10.36335/VNJHM.2025(770).84-96

Bang 2. Dit liéu st dung trong nghién ctru.

87

Dir liéu Nim thu thip Sécanhanh P phangiai  Nguén dir liéu

2018 143
2019 139

. 2020 156

Sentinel 1 SAR GRD 2021 147 10m ESA

2022 135
2023 134

NASADEM 2000 30m NASA

2.3. Phuong phdp nghién cuu

Dir liéu anh vé tinh Sentinel 1
(truy cap tir GEE)
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Hinh 2. So dd cac budc xac dinh cac dic trung hd chira bao gém dién tich mat nudc, muc nudc va

dung tich hd chira tir dnh vién tham trén cong cu GEE.

So dd cac bude xac dinh céac dic trung hd chira bao gém dién tich mat nudc, muc nudc
va dung tich ho chura tir dnh vién tham trén cong cu GEE duoc trinh bay ¢ Hinh 2. Cac budc

nay dugc md ta cy thé nhu sau:

- X1r Iy anh vién tham: T4t ca cac canh anh dir liéu vé tinh Sentinel 1 duoc truy cap trén
cong cu GEE ma khong can tai timg canh anh vé may tinh. Cac ngon niii c6 thé can tro duong
di clia chum tia radar, cac khu vuc c6 tham phu bé mit phirc tap, hay cac thung ling, vach
nti do dbc 16n 1am cho dir liéu radar phan hoi khong chinh xéc [24], do vdy cc canh anh vé
tinh dugc xtr 1y loai bo nhidu, bong, cac anh kém chat lugng bi loai bo nham giam sai s6. Céc
cong viéc nay déu duoc thuc hién sir dung cac cong cu c6 san trén GEE (Hinh 3).

R LA

Hinh 3. Xir Iy nhidu va bong trén canh anh Sentinel 1 bang cong cu GEE.

WY x
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- Phan tach ddi twong nude tir anh vién tham: Mit nudc trén anh vé tinh radar duoc xac
dinh tir ngudng phan loai, dya theo loai song VV cua Sentinel 1, gia tri SONg tan xa nguoc
khi gip mit nudce ludn thap hon cac dbi twong khac [25]. Nhu vy nhitng diém anh c6 gia tri
thép hon ngudng dugc xac dinh 1a mat nudc, gia tri cu thé duoc x4c dinh phu thudc vao tirng
khu vuc dia ly nhét dinh. Khi x4c dinh mdt nudc trén nhiéu canh anh vé tinh dugc thu thap
tai cac thoi diém khac nhau thi viéc str dung mot gia tri ngudng duy nhat 1a khong phi hop.
Nhiéu nghién ctru trén thé gi6i hién nay da img dung thuit toan Otsu dé tr dong xac dinh
ngudng cho tung canh anh. Phuong phap cua Otsu gitp xac dinh ngudng cho ting canh dnh
bang cach chuyén d6i hinh anh ky thuat s6 thanh cac diém anh duoc dic trung bang mau
thudc thang d6 xam (tir mirc xam toi thiéu dén murc xam tb1 da) [26]. Dua vao mot gia tri t
dugc goi la ngudng, hinh anh dugce tao thanh hai phan gom tién canh (diém anh gan Vo1 muc
xam t0i thiéu) va hau canh (dlem anh gan v6i mtrc xam tdi da) [26]. Ty 1é cac diém tién canh
trong hinh anh 12 w0 va d6 chuyén mau xam trung binh 13 u0; ty 1& cac diém hau canh trong
hinh anh 1 w1 va do chuyén mau xém trung binh 1a u1, khi t 1am cho biu thirc WO*W1*(u0-
ul) dat gia tri 16n nhét thi t 13 ngudng phan doan t6i wu [26]. Thay vi phai lya chon ngudng
cho mdi canh anh thi thuét toan Otsu ty dong lya chon ngudng t6i rru tir hinh anh thang mau
xam dé tbi da hoa sy khac biét giira cac 16p, tir 46 xac dinh nhitng ving diém anh 13 mit nuée
[27]. Thuat toan Otsu duoc xay dung trong GEE bang nhiéu ham nhu ee.Array, ee.Dictionary
dé tim gia tri t5i da hoa phwong sai giita cac 16p. Dién tich mét nuéc 1a téng dién tich tat ca
cac diém anh da dugc xac dinh, qua trinh phan tdch mat nudc bé“mg thuat toan Otsu va tinh
dién tich mat nude déu duoc thue hién béng cong cu GEE.

Hinh 4. Ving mit nuéce (mau xanh) dwoc xac dinh bang thuit toan Otsu xay dung trong GEE.

- Xay dung cac dudng dic tinh hd chira: Puong dic tinh cta hd chtra gdm muc nude -
dién tich mit nude (Z ~ F) vd muc nudc - dung tich hd (Z ~ W) duoc xac dinh tir dit liéu
DEM. Tai mbi gia tri myc nudc s€ xac dinh mot phﬁn mat ph'flng bi gidi han béi DEM, dién
tich phén mat phéng nay chinh 1a dién tich mat nudce tai gia tri muc nude da chon. Phan thé
tich bi gi¢i han boi DEM va phan mit phang trén chinh 13 dung tich ho tai gia tri myc nudce
da chon.

T .

Hinh 5. Xac dinh pham vi tinh toan ctia hd trén DEM: (a) dit liéu NASADEM, (b) khoanh ving hd
trén DEM.
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Phan dung tich giita hai mat nuoc lién ke dugc tinh gan ding bang thé tich hinh chdp cut
(cbng thure 1), dung tich nudc cua ho chira la tong thé tich cac hinh chop cut trén (cong thuc 2).

AW, =W, - W =512 (2, -2,) @
n F,+F
W:ZEOLX(ZM_ZJ (2)

2

Trong d6 Fi, Fis1 (M?) lan luot I dién tich mat nuéc ho tai muc nudc Zi, Zivr; Wi, Wik
(m?®) lan luot 12 dién tich mat nudc hd tai muc nuéc Zi, Ziv; AW, 4 1a dung tich gitra Fi, Fi1.

Tur dir lisu NASADEM, tai mdi gia tri muc nudc tinh toan duoc dién tich mat nudc va
dung tich ho tuong &ng, tap hop nhiéu gia tri tinh toan dé c6 duong dac tinh Z ~F, Z ~ W.

- Xac dinh dién tich mat nuéc, mue nudc va dung tich hd chira: Voi mdi gia tri dién tich
mat nuéc hd chira trich xuat tir anh vé tinh, nghién ciru s& xac dinh dwoc dién tich mat nuéc.
Sau d0, str dung cac dudng dic tinh hd chira, myc nude va dung tich hd chira c6 thé xac dinh.

3. Két qua

3.1. Tinh toan thwr nghiém cho ho chira & Viét Nam

Dé danh gia d6 tin cdy cua phuong phap dé xuét, nghién ciru tién hanh tinh toan thir
nghiém véi hd chira cling nam trén séng Pa 1a Lai Chau vé6i chudi s6 liéu vién tham trong
giai doan 2016-2022. Sau khi loai bo nhiéu va bong trén cac canh anh vé tinh Sentinel 1, mat
nudce hd tai méi canh anh dwoc xéc dinh nhu Hinh 6. Dién bién dién tich mit nude xac dinh
ttr anh vién tham giai doan 2016-2022 va quan hé gifta muc nude - dién tich mit nudc xac
dinh tir m6 hinh s6 d6 cao DEM duoc trinh bay & Hinh 7.

Hinh 6. Anh vé tinh Sentinel 1 khu vuc hd Lai Chau (), mat nuéc hd Lai Chau (b).
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Hinh 7. Dién bién dién tich mét nudce hd tinh toan tir dir liéu Sentinel 1 (a) va mbi quan hé myc nude
- dién tich mat nudce ho Lai Chéau (b).
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Méi quan hé muc nuée - dién tich mat nudce xay dung tir DEM cua h6 Lai Chau dugc so
sanh voi duong déc tinh thyc té thong qua cac chi s6 danh gia gdm hé sb twong quan (CO),
hé s6 x4c dinh (RZ) do thién léch (PBIAS), can bac hai sai s6 toan phuong (RMSE), ti s6 cua
RMSE va d6 léch chuén cua sb liéu do dac (RSR). Bang 3 cho thdy co su twong dong giira
hai dir li¢u duong déc tinh nay, quan hé muc nudc - dién tich mat nudc xay dung tr DEM
dam bao do tin cay dé ap dung tinh todn muc nudce tur dién tich mat nudce.

Bing 3. So sanh dién tich mat nudc cua dudng dic tinh xay dung tir DEM va dudng dic tinh thuc té.

Hé chira CC R? PBIAS RMSE RSR
Lai Chéau 0,99 0,98 6,74 2,99 0,27

Hinh 8 so sanh muc nuée tinh toan cua hd Lai Chau tinh tir dién tich mat nudce dya trén
mdi quan hé myc nudc - dién tich mat nuée da xay dung va muc nude thyc do trong giai
doan 2016-2022. Két qua so sanh giita muc nudc tinh toan va thuc do ciing str dung cac chi
sd danh gia bao gd6m hé s6 twong quan (CC), hé s6 xac dinh (R?), d6 thién 1éch (PBIAS), can
béc hai sai s6 toan phuong (RMSE) ti s6 cia RMSE va d6 léch chuan cua sb liéu do dac
(RSR) duogc trinh bay ¢ Bang 4. Két qua tinh toan cho thdy nhin chung dién bién myc nuée
tinh todn bang cong nghé vién tham tuong quan rat tot voi muc nudce thue do voi hé sb twong
quan 1a 0,87. Piéu nay chimg to cong nghé vién tham co thé giam sat t6t bién dong cuia cac
hd chaa. Vé gia tri tuy¢t ddi, hd Lai Chau sai s6 xuét hién & ca phﬁn muc nudc thép va muc
nudc cao. Sai sb tuyét doi c6 thé gay ra do hai nguyén nhan chinh bao gdm sai s6 trong viéc
xac dinh dién tich mat nude tir anh vién tham (gay ra bdi cac sai s6 do chat luong anh, do
ngudng phan tach nudc, dd phan giai anh) va sai so trong xdy dung quan hé muc nudc - dién
tich mat nudce tir DEM (d6 phéan giai 30 m co thé chua du dé xay dung quan hé myuc nudc -
dién tich mat nude hoan toan chinh x&c).
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Hinh 8. So sanh muc nudc tinh toan va muc nude thue do hd Lai Chau.

Bang 4. Tuong quan giita myc nudc tinh toan va muc nude thyc do cia hd Lai Chau.

Hd chira CcC R2 Pbias RMSE RSR
Lai Chau 0,87 0,76 -1,87 6,40 1,06

3.2. Tinh todn dién bién ho chira thwong luu séng Pa

Céc ho chira thugng ngudn séng Da bén ngoai lanh thd Viét Nam c6 nhiéu diém tuong
dong véi hd Lai Chau tir dic diém dia hinh dén qua trinh hinh thanh hd. Pudng dic tinh ho
chtra thé hién mdi quan hé myuc nude - dién tich mat nudc - dung tich tinh toan trén GEE nhu
Hinh 9. Dién bién dién tich mit nudc cac hd thay dbi theo thoi gian dugc gidm sat bang cong
nghé vién tham thé hién nhu Hinh 10. Tlr dudng dic tinh ho chtra va dién bién dién tich mat
nudce ho tinh toan dién bién muyc nudc cac hd nghién ctru giai doan 2018-2023 (Hinh 11). Tir
duong dic tinh hd chira va muc nude hd tinh toan dién bién dung tich cac ho nghién ciru giai
doan 2018-2023 (Hinh 12). Két qua tinh toan cho thay cac ho trén thuong luu séng Da trong
giai doan 2018-2023 c6 xu hudng tich nude trong khoang thoi gian thang 6 - thang 12, cac
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hé thuong ngudn gdm Yayangshan, Shimenkan tich nudc mudn hon so véi cac hd ha ngudn
gém Longma, Jufudu, Gelantan, Takuhe. Cu thé, cac ho Yayangshan, Shimenkan thuong tich
nude trong thoi gian thang 8 - thang 9, trong khi cac hd Longma, Jufudu, Gelantan, Takuhe
thuong tich nudc trong thoi gian thang 6 - thang 8.

Céc hd thuong dat lugng nude 16n nhat vao thang 11, 12, mot vai hd trong mot vai nim
thi som hon (thang 10) hoac mudn hon (thang 1 ndm ké tlep) H Yayangshan, hd dau tién
tinh tir thuong nguén xudng, thuong tich nudc s6m nhét, vao céac nam 2020, 2021, 2022,
2023 hd dat lugng nudc 16n nhét thang 10, sém hon cac hd ha nguon. HO Shimenkan chu
yéu dat luong nude 10n nhit thoi diém thang 11, vao cac nam 2020, 2021, 2022, 2023. Tuong
tur, hd Longma ciing chu yéu dat luong nudc 10n nhét thoi diém thang 11, vao cac nim 2018,
2020, 2023. H6 Jufudu, Gelantan dat luong nuéc 16n nhat mudn hon so véi cac hd trén, tai
thoi diém cubi thang 11, ddu thang 12. HO Tukahe, hd cubi cung trong chudi hd, dat luong
nude 16n nhat vao cudi thang 11, thang 12. Két qua nay cho thiy, nhin chung cic hd thuong
tich day nudc lan luot tir thuong ngudn dén ha ngudn, hd Yayangshan tich day nudc trude,
tiép dén 12 cac hd Shimenkan, Longma, sau d6 dén cac ho Jufudu, Gelantan, va cudi cung la
hd Tukahe.

Céc hd c6 xu huéng xa nudc trong khoang thoi gian thang 1 - thang 5, trong d6 chu yéu
la thang 1 - thang 4. Cac ho thuong nguén gom Yayangshan, Shimenkan, Longma xa nudc
sém hon so véi cac ho ha nguon gom Jufudu, Gelantan, Tukahe. Cu thé, cac hd Yayangshan,
Shimenkan, Longma thudng xa nudc trong thoi gian thang 1 - thang 4, con cac hé Jufudu,
Gelantan, Tukahe thuong xa nude trong thoi gian thang 3 - dau thang 5. Mot s6 nam, cac hd
thyc hién quy trinh xa nudc trong thoi gian ngan, tich nudc tro lai, sau do bit dau xa nudc
dén khi lugng nudc trong hd dat mirc thap nhat. Cac hd chira thudng dat lugng nudc nho nhat
vao cac thang 5, 6, 7, 8. Hb Yayangshan, Shimenkan dat mirc nuéc thép nhét vao thang 7, 8;
trong khi ho Longma, Jufudu dat mic nuéde thép nhét vao thang 6, 7; va ho Gelantan, Takuhe
dat mirc nudc thap nhat vao cudi thang 5 dén dau thang 7.
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Hinh 9. Puong dic tinh cac hd nghién ctru: a) Ho Yayangshan, b) Ho Shimenkan, ¢) H5 Longma,
d) Ho Jufudu, e) HO Gelantan, f) H6 Tukahe.
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Hinh 10. Dién bién dién tich mat nudc ho chira giai doan 2018 - 2023: a) HO Yayangshan, b) Ho
Shimenkan, ¢) Hb Longma, d) Hb Jufudu, ¢) Hd Gelantan, f) Ho Tukahe.
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Hinh 11. Dién bién muc nude hd chira giai doan 2018 - 2023: a) Hb Yayangshan, b) Hb Shimenkan,
¢) Ho Longma, d) H6 Jufudu, e) Ho Gelantan, f) Ho Tukahe.
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Hinh 12. Dién bién dung tich hd chira giai doan 2018 - 2023: a) H6 Yayangshan, b) H5 Shimenkan,
¢) Ho Longma, d) Ho Jufudu, ¢) Ho Gelantan, f) Ho Tukahe.

4. Thao lugan

Vao thoi diém mua mua, luong nude vé hd nhiéu, cac ho thuy dién bat dau tich nude dé
dam bao phat dién cho mua kho ké tiép Hau hét cac ho déu bat dau tich nudc tir thang 7 hodc
8 dén thang 10, 11 day hd. Cac hd xa nudc phat dién, cap nuée tir thang 1, 2 cho dén hét
thang 6. Thuc té, dién bién tich nudc va xa nudc tai mdi hd s& c6 sy sai khac giita cac nim
tuy nhi€n chi chénh 1éch trong khoang gian ngan, qua trinh tich va xa nudc ciing co thé dan
xen nhau tuy thoi diém va tiy tiéu luu vye nhung s6 ligu tinh todn cho thay c6 xu thé chung
trong dién bién tich va xa nudc cua cac hd thuy dién nhu da néu & trén. Cac hd thuong nguén
c6 xu hudng tich nudc mudn nhung dat myc nude 16n nhit sém hon so vdi cac hd ha ngudn,
cac ho thuong nguon cling xa nuwdc sém hon nhung dat muc nudc thip nhat mudn hon cic
h6 ha ngudn. Diéu nay phu thudc nhleu vao lugng nude dén trong mua mua ciing nhu ké
hoach phat dién trong mua kho ctia mdi hd, vai trd cua timg hd trong chudi bac thang hd
chua.

Dir liéu m6 hinh s6 d6 cao NASADEM c¢6 d6 phan giai 30 m, chua phai la dit liéu c6 do
phan giai cao va voi dac diém nay co thé gdy ra sai s0 nhét dinh, tuy nhién trong sb cac dir
liéu m6 hinh s6 d6 cao dugc cung cap mién phi hién nay bao phu toan bo khu vuc nghién
ctru thi NASADEM la dir liéu phu hop cho nghién ctru ndy. Ngoai ra, dir liéu NASADEM
da duoc hiéu chinh tir cac bo dit liéu ASTER GDEM, ICESat GLAS va PRISM, gilp nang
cao do chinh x4c so v6i cac dit liéu mo hinh sb do cao khac. B phan giai cua dir liéu Sentinel
1 14 10 m dan dén mit nudc xéac dinh b:ing anh v¢ tinh co6 su sai khac voi mat nude thuc té,
qua trinh tinh toan s€ c6 nhiing sai sd nht dinh, tuy vy day 1a dit liéu mién phi dugc sir dung
pho bién trong nhiéu nghién ciru trén the gi01, trong cac nghién ctru co ban thi dir liu nay
van co sy dong gop quan trong. Mot s6 canh anh vé tinh Sentinel 1 c6 chat luong khong tét,
thé hién cac thong tin bé mat dat khong dung véi thyuc té, khién cho két qua giai doan co su
sai sd. Tuy nhién diéu nay chi dién ra tai mot khoang thoi gian ngén va chi tai mot vai hd,



Tap chi Khi twong Thaty van 2025, 770, 84-96; doi:10.36335/VNJHM.2025(770).84-96 94

trong khi dit liéu nghién ciru cho toan bg sau hd trong giai doan 2018 - 2023 14 rat 16n, vi vay
két qua nghién ctru van dam bao do tin cay.

5. Két luan

Phuong phép giam sat lién tuc lwong nudc trir trong cac hd bang céng nghé vién tham
dua trén thuat toan tu dong phan ngudng mat nudc Otsu va cbng cu phan tich khong gian dia
ly GEE trong nghién ciru nay dat két qua tét khi thir nghiém cho hé chira ¢ Viét Nam. Phuong
phép nay hoan toan c6 thé ap dung dé tinh toan cac théng sé muc nudc, dién tich mat nudc,
dung tich cho nhiéu hd chira khac, ngay ca véi cac hd chira khong c6 sé liéu bén ngoai lanh
thd cia mot qudc gia.

Két qua tinh toan dién bién céc thong s6 muc nudce, dién tich mat nudc, dung tich cho
thdy quy luat chung cua cac hd chua trén thugng luu song Da bén ngoai 1anh thd Viét Nam.
Cac ho chira nay thudng c6 xu hudng tich nudc trong khoang thoi gian thang 7 - thang 12,
va xa nudc trong khoang thoi gian thang 1 - thang 6. Nhu vay sau khi cac ho chia thuong
ngUOn van hanh, vao mua kho tong lurong dong chay song ba ve Viét Nam s¢ tang 1én do cac
hd chira Xa nude, vao mia mua tong luong giam do cac hd chia tich nuéc. Cac ho chia trén
song Da thudc lanh tho Viet Nam s€ bi tdc dong dang ké khi dién bién dong chay dén thay
doi S0 Vi trude day, do do can c6 céc ké hoach chii dong trong qua trinh van hanh ho chira.
Cac sb lieu vé dién bién tich tri nudc cac ho chira thugng nguon song Da la tai liéu b6 sung
quan trong dé nghién ctru vé ché do dong chay vé Viét Nam trong nhitng nim gan day.

DPong gop cuaa tac gia: Xay dung y tuong nghién ciru: N.T.G., T.A.P.; Lya chon phuong
phép nghién ctru: TM.C., T.A.P.,, N.T.G.; Xu ly s0 licu: T.M.C.; Viet ban thao bai bao:
T.M.C., T.A.P.; Chinh stra bai bao: T.M.C., T.A.P., N.A.D.

Loi cam on: Ching t6i xin cam on cac dé tai “Nghién ctru danh gia tac dong cua hé thong
ho6 chtra va st dung dat ngoai lanh thd Viét Nam trén luu vuc song ba anh huong dén bién
d6i dong chiy va ham lugng phu sa bun cat vao Viét Nam” - Ma s6 TNMT.2023.02.30 va
“Nghién cuu xay dung phuong phép, cong nghé du bdo dong chdy mua can, thoi han 10
ngdy, thang, mua dén bién gidi Viét - Trung” - Ma s6 DPTPL.CN.06/23 da hd tro dé thuc hién
nghién ctru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctu trude day,
khong co su tranh chap loi ich trong nhom tac gia.
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Application of the Otsu algorithm on the Google Earth Engine
platform for monitoring the operation of reservoirs in the Da
river basin outside Vietnam from satellite imagery

Tran Manh Cuong'*, Nguyen Tien Giang?, Tran Anh Phuong?!, Nguyen Anh Duc?

L Water Resources Institute, Ministry of Natural Resources Invironment;
manhcuongktll@gmail.com; phuongtran.monre@gmail.com; nganhduc@yahoo.com;
2 \VNU University of Science, Vietnam National University, Hanoi; giangnt@vnu.edu.vn

Abstract: In recent years, the system of reservoirs constructed upstream of the Da River,
located outside Vietnam's territory, has significantly altered the natural flow regime of the
river, impacting forecasting, reservoir operation, and water resource management in the
basin. Therefore, studying the operation of these reservoirs is essential. Recent advances in
remote sensing technology have enabled relatively effective monitoring of these external
reservoirs. This paper presents a modern method for monitoring reservoirs located outside
the territory using a combination of the Otsu algorithm and remote sensing technology on
the Google Earth Engine platform to rapidly assess changes in water surface area, capacity,
and water levels. Validation results from two reservoirs in Vietnam have demonstrated that
the proposed method is capable of effectively monitoring changes in reservoir conditions.
When applied to the reservoirs located outside the territory on the Da River from 2018 to
2023, the study identified the fundamental operational patterns of these reservoirs.
Specifically, the reservoirs typically accumulate water from July to December and release
water from January to June. The findings of this study will serve as an important foundation
for determining the operational processes of these reservoirs located outside the territory
and integrating these processes into flow forecasting models for transboundary inflows into
Vietnam.

Keywords: Da river; Reservoir; Remote sensing; Google Earth Engine; Otsu.
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Tém tit: Nghién ctru xay dung va hoan thién hé théng du bao, canh bao xam nhap man
gdy ra tai tinh Nam Pinh. Hé thong canh bao, du bao duoc xay dung dua trén phuong
phép mo hinh hda két hop véi hién thi két qua dua trén cong nghé GIS. Hé théng di duoc
dua vao sir dung du bao, canh bao xAm nhap min tir thang 01 dén thang 04 nam 2024. Két
qua cho thdy hé théng chay kha 6n dinh, sé liéu cap nhat lién tyc, day du. Két qua du béao
duoc so sanh voi thyc do cho thay pham vi va gi4 tri nong do man xam nhdp mén dat ket
qué t6t. Hé thong dwa ra ban do rii ro do xdm nhdp man chi tiét den cap xa voi tan suat
kiét P = 90% va P = 95%. Két qua tinh toan thé hién véi kich ban tan suat P = 95% cho
thdy s6 luong cac xa bi anh huong véi cap rui ro cao va rat cao ting (3 xa cap do rui ro
cao va 12 xa cap do rui ro rat cao). Theo thang chia cip do rui ro thi nong d6 min twong
{mg cap i ro nay chi thich hop khai thac sir dung nuéc cho nong nghiép, khong dam bao
cho nudc sinh hoat. Hé théng du bdo, canh bao xam nhdp man nay s€ 1a bd cong cu hiru
hiéu gidp Pai Khi tugng Thuy van tinh Nam Dinh thyc hién cdng tac du bao, canh bao
som xam nhap man c6 thé xay ra trén dia ban tinh. Hé thdng nay con c6 thé dugc str dung
1am co s& 1y thuyét ap dung cho nhiing viing ven bién khac.

Tir khoa: Hé thong canh béo, dy bao; Xam nhap min; Nam Pinh.

1. Giéi thi¢u

Bién d6i khi hau hién nay, cac hién twong thién tai xdy ra ngay cang bat thuong, dién
bién kho luong. Trudce thyc trang do, con nguoi khéng ngimg tim toi bién phap, hoc hoi
phong chong, thich ng véi n6 [1, 2]. Trong nghién clru du bao, canh bao cac hién tuong
thoi tiét nguy hiém, viéc ing dung cac céng ngh¢ moi nham néng cao ning lyc tinh toan,
ung pho voi thién tai 1a hét strc can thiét. V4i cong nghé hién dai ngay cang phat trién, hé
thong canh béo, du bao thot tiét nguy hiém ciing dugc phat trién nhiéu hon. Nghién ctru [3]
da xay dung duoc phan mém du bdo, 1i, xam nhdp man song Ctru Long sir dung by mod
hinh MIKE 11 va MIKE 11 - GIS hién thj két qua du béo d6 méan Ién Google Earth gdm:
(1) khéi dir lidu, (2) khéi giam sat, (3) khéi du bao, (4) khdi xuét ban tin trong d6 khoi du
b4o s& bao gdm 2 modul diéu khién va chay mé hinh MIKE 11 va MIKE 11 - GIS (Hinh 1).
Két qua md phong va thir nghiém chi ra rang cong cu phan mém c6 kha ning du bao tuong
d6i tot vé mat xu thé gitra dudng qua trinh muc nudce thuc do va tinh toan. Két qua phéan b
ném min trong song twong dbi phu hop véi két qua thuc do tai cac tram. Két qua du bao
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muc nude 1én nhét va thue do dao dong tir 7-14 cm. Muc dam bdo tai cac tram Tan Chau
va Chau Ddc kha cao hau hét 1a dat trén 75-78%. Bo cong cu du bao duoc xay dung trén
nén co s& ngdn ngir
1ap trinh hién dai, c6

Khdi diéu khién Mo hinh Mike 11

tinh mo, c6 kha SN Modul Maodul
- P A . die st ke
nang tich hop bod : ors S
sung va nang cap : o f chaymo :
’ g A - . mid hink hinh ket qua
cac modul khi can , o két dit bao tri Mike11 Mike11 dur biio

thiét. Chit luong thir
nghi¢m cong cu cho
théy, cong cu du
bdo c6 thé dap ung
duogc yéu cau nghiép
vu du bdo tai Trung
tam Dy bao khi
twong thuy  van

quoc giE}. L Hinh Error! No text of specified style in document.. So'd6 phan mém diéu
Nhém  nghién khién mé hinh MIKE 11 va MIKE 11 - GIS.

ciu Vién Cong

ngh¢ Nano (INT) thuoc Dai hoc Qudc gia TP.HCM da nghién ctru va san xuét, 1ap dat hé
thong quan trac va canh bao xAm nhap man ty dong tai cac dia phuong thudc ving Bong
bang song Cuu Long nhu Vinh Long, Bén Tre, An Giang [4] Uu dlem ctia hé thong 1a
khong can lay mau nudc tha cong mdi gio trong ngay, hé théng quan tric va canh bao xam
nhap man, c6 thé thay thé cach quan trac truyén thong, gitp giam nhan cong, cho do chinh
xac cao. Theo do, hé thong quan tric va canh bdo xam nhap man ty dong duogc tich hop dau
do cam bién chuyén dung dé theo ddi va canh bio dé min caa nuée trén kénh rach hodc
ctra bién, nham chu dong trong viéc tudi ti€u, nudi trong thuy hai san va sinh hoat. Hé
thong 1am viéc 24/24, cap nhat thong tin lién tuc va dic biét 1a c6 kha ning két ndi khong
day dén cac thiét bj ngoai vi nhu dién thoai di dong, may tinh dé canh bao d6 min khi vuot
ngudng. Hé théng duogc thiét ké c6 phan phao va cam bién c6 thé tha ndi trén mit nudc.
Ngoai quan tr?ic lién tuc d6 man, hé thdng con do duoc nhiét do cua nude. Dit liéu do dac
dugc ghi truc tiép va lién tuc vao may tinh, co thé truy cap dir liéu tir xa qua mang Internet
thong qua Web Server. Khi cac thong sd vuot ngudng, hé théng ti dong giri tin nhin canh
bao trén may tinh hodc dién thoai. H¢ thdng ciing kich hoat tur dong may bom thong qua ket
nbi khong day khi do man nho hon mirc ngudng. Toan bo hé thong dugce van hanh tir ngudn
nang luong mat troi ¢ san trén hé thong.

Ngoai ra, cac nghién ctru danh gia dugc thyc trang xam nhép triéu, man khu vuc dong
bang song Hong - Théi Binh [5], sdng M4 [6, 7]; xdy dung chuong trinh du bao XNM cho
khu vuc song Ma va co so dit liéu va cong nghé du bao xam nhap man (XNM). Nghién ctru
danh gia, phan viing XNM dua trén co s cong nghé vién tham da ting, da do phén giai, da
thot gian, img dung thi diém cho tinh Bén Tre [8]. Két qua nghién ctu da xdy dung dugc
ban d6 phan ving XNM, muc d9, dién bién XNM cua tinh Bén Tre v6i cac cap do man tir:
Khoéng man, mdn nhe, mén vira dén man ndng. Trong d6 céc huyén ven bién nhu: Binh Pai,
Thanh Phu, Ba Tri ¢6 muic d6 tir vira dén niang. Nghién ctru tng dung cong nghé vién tham
trong nghién ctru XNM 1a mot phuong phap ¢ thé danh gia nhanh, hiéu qua dién bién
XNM qua céc thoi ky trén mot khu vuc dia 1y rong 16n. Nghién ctru co sé khoa hoc phan
ving han - man va dé xut giai phap thich img cho ving ddng bang song Ma di chi rd mdi
quan hé han - min theo nhu cau st dung nuéc va dé xuit cac giai phap theo tu duy vira
thich nghi, vira phong chéng [7, 9].

Nhitng ndm gan day, do dién bién bat thuong cua thoi tiét, nhat 1a anh huong cta bién
ddi khi hau va tac dong tir cac hoat dong kinh té - xa hoi tai vung ven bién Nam Dinh, tinh



Tap chi Khi twong Thiy van 2025, 770, 97-107; doi:10.36335/VNJHM.2025(770).97-107 99

hinh x4m nhép min ngiy cang nghiém trong. Ranh gidi xdm nhap min ngay cang tién sau
vao ndi dong cung véi gia tri man ciing ting cao. Theo tong hop cia B6 Nong nghiép va
Phat trién noéng thon tir bio céo cua cac dia phuong, nhitng nim gan ddy khu vuc ven bién
Nam Dinh da chiu anh huéng ngay cang manh mé€ cua xam nhdp man. Tinh trang han han,
x4m nhdp min trén dia ban Nam Dinh dang ting ca vé tan suat va cudng do. Vao mua kho
thuong gip han han kéo dai, kém theo triéu cudng, nudc min lan sdu vao cac ctra séng 1on
tir 30-40 km. Udc tinh mdi nim c6 trén 11 nghin ha dét canh tic chan rudng cao bj thiéu
nudc va 52 nghin ha dat trong la cua 6 huyén phia nam gip rat nhiéu khé khin vé nudc
tudi. Co gan 38 nghin ha dat canh tac cua cac huyén Giao Thuy, Hai Héu, Nghia Hung,
Xuan Trudng, Truc Ninh hing nim déu bi anh huong do han han, triéu cudng va xam nhap
min, de doa an ninh lwong thyc va anh huéng dén tai nguyén nudc, vé sinh méi truong. Két
qua khao sat tai cac cac Cong ty Khai thac cong trinh Thuy loi Nam Ninh, Xuan Thuy, Hai
Héu, Nghia Hung thay rang vu Dong Xuan nam 2019-2020 mdn xam nhép sdu vao cic
trién song gay rat nhiéu kho khan cho cong tac ldy nuéc [10]. Trén trién song Hong min
Ién t61 qua cong S6 7 (cach bién 28 km, gan ngi ba song Ninh Co - séng Hong va day 1a
cong xa bién nhat cua hé thng thity néng Xuan Thuy trén trién song Hong) v6oi d§ man 16n
nhat do dugc ngay 13/01/2020 1a 3,75%o, vuot ngudng cho phép ldy vao trong dong la
2,75%o; da c6 thoi gian man xam nhdp qua Mon Ro Xuong trién song Ninh Co. Dbi véi
song Ninh Co man 1én téi céng Tré (cach bién 29 km) v6i do man 16n nhat do dugc ngay
14/01/2020 1a 3%o, vuot ngudng cho phép lay vao trong dong 14 2 %o, Trén trién song Day
min 1én t6i cong Tam Toa (cach bién 35 km) v6i d6 man 16n nhit do dugc vao ngay
14/01/2020 1a 2%o, vuot ngudng cho phép lay vao trong dong 1a 1%o [11-14]. Muc dich
nghién ctru 1 xay dung duoc hé thong hd tro du bao, canh bao nguy co rii ro xdm nhap
min khu vuc tinh Nam Binh hd tro cho cong tac nghiép vu cta du bao vién. Giai phap cong
nghé dugc xay dung dua trén viéc lya chon két hop bé mé hinh MIKE 11 (HD, AD) va GIS
dé xay dung hé thong du bao canh bao nguy co rai ro do xdm nhap man giy ra cho tinh
Nam Dinh.

2. S6 liéu sir dung va phwong phap nghién ctru
2.1.S6 lieu

- S liéu quan tric cac yéu t6 mua, nhiét do luu vuc, khu vuc du bao trong thoi khoang
da qua.

- Dién bién muc nudc, luu lugng cac tram thugng luu trén luu vuc song, khu vue du
bao trong thoi khoang dé qua.

- Dlen bién cua thuy triéu trong luu vue, khu vuc du béo trong thoi khoang di qua. Thu
thap s6 lidu quan tric ciia cac tram hai van c6 anh huong dén khu vuc dy bdo, canh béo.

- Thu thap thong tin, dit liéu van hanh ho chira va cac cong trinh thay loi thude khu vuc
du bao va lan can.

- Thu thap s6 liéu do main tai cac tram do man trén luu vuc, khu vuce du bao va 1an cén.

- Thong tin, ké hoach du kién nhu ciu st dung nudc trén luu vue, khu vuce du béo,
cling nhu nhu cau sir dung nuéc trong néng nghiép, thity san va cac hoat dong kinh té - xa
hoi khac.

- Ban tin dy bao xdm nhap min cung cap cho chinh quyén dia phuong céc xi huyén
chiu anh huong.

2.2. Phuong phap nghién curu

H¢ théng canh bédo, du bdo rui ro xam nhdp man tinh Nam Dinh dugc xay dung dua
trén viéc két hop bo mé hinh MIKE 11 (HD, AD) va cong nghé GIS di duoc hiéu chinh -
kiém dinh bo thong sb phu hop véi khu vuc nghién ciru, két qua mo phong nong d6 min
duoc tinh toan tir mé hinh s& dugc hién thi dudi dang ban dd truc quan nho cong nghé GIS
[15, 16]. Nghién ciru g dung ngdn ngir 1ap trinh Python va Dart dé xay dung hé thong
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canh bao, duy bdo: Ngon ngit 1ap trinh Python stra va loai bo dir li€u khong chinh xac, hay
con duoc goi 1a lam sach dir li€u; trich xuét va chon loc cac dic diém da dang cua dir liéu;
ghi nhan dit liéu gan tén c6 ¥ nghia cho dir lidu; tim cac s6 liéu thong ké khac nhau tir dir
liéu; tryc quan hoa dir liéu bang céach st dung cac biéu dd va do thi; theo doi 16i trong ma
ctia phan meém; tw dong xay dung phan mém; dam nhan quan ly du an phan mém; phat trién
nguyén mau phan mém. Ngon ngir l4p trinh Dart st dung dé xay dung giao dién ngudi
dung va hién thi két qua h¢ thong canh béo, dy bao xam nhdp man cho khu vuc nghién ctru.
Giao dién ngudi st dung (tiéng Anh: User Interface, viét tat: UI) 1a diém twong tac va giao
tiép gilta ngudi va may tinh trong mot thiét bi. Pidu ndy c6 thé bao gdm man hinh hién thi,
ban phim, chudt va sy xuét hién ciia may tinh dé ban. D6 ciing 1a cach ma ngudi st dung
trong tac v6i mot img dung hodc trang web. Bén canh do, sy phu thudc ngay cang nhiéu
ctia doanh nghiép vao cac tng dung web, tng dung di dong, mang xa hoi da khién nhiéu
cong ty dit uu tién cao hon cho UI trong nd lyc cai thién trai nghiém chung ctia ngudi ding
[17-24].

Viéc du bédo, canh bado xam nhap man duoc thyc hién theo quy trinh ky thuat quy dinh
tai Thong tu 25/2022/TT-BTNM quy dinh vé quy trinh ky thuat du bao, canh bao hién
tugng khi twong thuy vin nguy hiém [25] va Can cir Quyét dinh s6 18/2021/Qb- TTg ngay
22 thang 4 nam 2021 cua Tha tuéng Chinh phu quy dinh vé du béo, canh béo, truyén tin
thién tai va cdp do rui ro thién tai [26]. Hé thong canh béo, du bao xdm nhap min dugc xay
dung v6i cdc md dun cép nhat s6 liéu muc nudce bién triéu, luu lugng x4 tu hd chua, luong
nude gia nhap khu giira dé phuc vu tinh toan diéu tiét ho chua, dién toan thuy vian, thuy luc,
xam nhap man két hop (Hinh 2). Giao dién dang nhap hé thdng va van hanh hé théng duoc
thé hién trén hinh 3.

Xuét ban tin canh

S bao nguy co
Luu lugng xa tir ho

chira

M5 phong xam nhap Doc va hién thi két
mdn qua

Luong nudc gia
nhap khu gitra

Cap nhat s6 liéu
thue do, du bao

M0 phong thuy luc

Muec nude triéu bién
duoi

2 )
Xay dung ban do
ranh gidi xam nhéap
man

Hinh 2. So db hé thdng dy bao, canh bdo x&m nhap man tinh Nam Dinh.

@ Nhitky
k)

B3 KTTV tinh Nam Binh

0 e Chay mé hinh

Dy’ bao xam nhap man
tinh Nam Dinh

Tapchi
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Hinh 3. (a) Giao dién ding nhap vao hé thong, (b) Giao dién hé thdng khi chay.
3. Két qua

Két qué chay thtr hé théng canh bao, du bdo xam nhap man tir thang 01 dén thang 04
nam 2024. Thoi doan du bao, canh bdo la 10 ngay vao cac ngay 01, 10, 20 hang thang tur
thang 01 dén 04 nam 2024 dugc thé hién trén hinh 4, 5.
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Hinh 4. Ban d6 canh béo, dy bdo xam nhap man: (a) ngay 01 - 10/01/2024; (b) ngay 11 -
20/01/2024; (c) ngay 21 - 31/01/2024; (d) ngay 01 - 10/02/2024; (e) ngay 11 - 20/02/2024; (f) ngay
21 - 29/02/2024.

Ban d canh bao, du bao xdm nhap min tinh Nam Dinh tir thang 01 dén thang 4 nam
2024 tir hinh 4, hinh 5 thé hién trj s6 va ranh gi6i xim nhap m3n giam dan tir thang 01 dén
thang 4. Xam nhap man 16n va sdu vao noi ddng tap trung vao thang 01, 02, 3 dén thang 4
x4m nhdp man giam dan nhung van con ¢ muc cao. Tuan gitta thang 3 xam nhap man giam
13 rét do cac hd chtra phia thuong luu ting cudng x4 nudce d6 ai vu Pong Xuan. So sanh voi
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gia tri thyc do trong khoang thoi gian trén (Bang 1) cho thay hé théng chay 6n dinh, két qua
canh bao, du bao dat két qua tot ca vé tri s6 va thdi gian xuat hién xAm nhap man.
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Hinh 5. Ban d6 canh béo, du bdo xam nhap man: (a) ngay 01 - 10/3/2024; (b) ngay 11 - 20/3/2024;
(c) ngay 21 - 31/3/2024; (d) ngay 01 - 10/4/2024; (e) ngay 11 - 20/4/2024; (f) ngay 21 - 30/4/2024.

Bang 1. Bang két qua canh béo du béo va thuc do xAm nhap man tir thang 01 dén thang 4 nim
2024 tai tinh Nam Dinh.

Tén diem du
bao, canh bao

P man max (%)

Thoi gian xuét hién

Khoang céch chiu d
man 1% (km)

Khoang cach chiju
do min 4% (km)

Duwbio Thucdo  Dubdo Thuwc do  Duw bdo Thuc do Duwbdo  Thuc do
Pht Lé 29 28,93 12 - 13/01 13/01 20-25 15-20
Ng6 DPdng 15 13,20 11-13/01  13/01 25-30 20-25
Nhu Tan 22,5 24,88 12 - 14/01 13/01 30-35 20-25
Phti L& 27 29,20 24 - 26/01 25/01 20-25 15-20
Ng6 Pdng 6 4,20 24 - 26/01 23/01 25-30 20-25
Nhu Tan 12 10,33 24 - 26/01 25/01 30-35 20-25
Phi1 L& 30 29,83 07 - 09/2 09/2 20-25 15-20
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Tén diem du
bao, canh bao

P man max (%o)

Khoang cach chiu d

Thoi gian xuat hién man 1%o (km)

Khoing cach chiu
dd min 4% (km)

Dubdo Thuwcdo  Dubao Thucdo Duwbao Thuc do Dwbio  Thuc do
Ngo Pong 14 13,50 07 - 09/2 09/2 25-30 20-25
Nhu Tan 18 20,08 07 - 09/2 09/2 30-35 20-25
Phi L& 8 7,05 15 - 16/02 15/02 20-25 15-20
Ngo Bong 12 13,20  15-16/02  15/02 25-30 20-25
Nhu Tan 7 5,93 15 - 16/02 15/02 20-25 15-20
Phi L& 25 23,58 21 - 22/02 22/02 20-25 15-20
Ngé Dong 12 15,80 21 -22/02 22/02 25-30 20-25
Nhu Tan 9 7,80 21 - 22/02 22/02 20-25 15-20
Phi L& 28 32,60 14 - 16/3 15/3 20-25 15-20
Ngo Bong 12 14,50 14 - 16/3 15/3 25-30 20-25
Nhu Tan 15 18,08 14 - 16/3 15/3 25-30 15-20
Phi L& 21 20,90 19 - 20/3 20/3 20-25 15-20
Ngé Dong 12 14,50 19 - 20/3 18/3 25-30 20-25
Nhu Tan 9 9,30 18 - 20/3 20/3 20-25
Phi L& 22 22,75 21, 28/3 28/3 20-25 15-20
Ngo Bong 12 21, 28/3 28/3 25-30 20-25
Nhu Tan 9 11,30 21, 28/3 28/3 20-25
Phi L& 24 15,95 03 -05/4 04/4 15-20 20-25
Ngé Dong 11 03-05/4 04/4 20-25 25-30
Nhu Tan 11 10,25 03-05/4 04/4 20-25 25-30
Phi L& 8 6,80 28-30/4 30/4 15-20 20-25
Ngo Dong 8 28-30/4 30/4 15-20 20-25
Nhu Tan 10 3,125 28-30/4 30/4 15-20 20-25

Két hop ban dd nén bao gdm cic 16p ban dd séng sudi, giao thong, ranh gisi hanh
chinh véi ban d6 du bao, canh bao tir hé thong trén, nghién ctru xay dung ban d6 xam nhap
mén va ban do phan vung nguy co rii ro do xdm nhdp man gay ra cho tinh Nam Dinh theo

05

tan suat 90% va 95% (Hinh 6-8).
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Hinh 6. Ban d6 phan ving rii ro tuong &g véi kich ban P = 95%.
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Hinh 8. Ban d6 phan viing rii ro tuong (g véi kich ban P = 90%.

Két qua thong ké cac xa chiu anh hudng theo cac cip rii ro xAm nhap man theo kich
ban tan sudt 95% va 90% thé hién trong bang 2 va bang 3. Két qua cho thay nguy co rui ro
do xam nhdp man tap trung chu yéu ¢ 3 huyén: Hai Hau, Giao Thuy, Nghia Hung. Theo
kich ban tan suat kiét P = 90% cho thiy tai huyén Giao Thuy s xd c6 nguy co rui ro rit cao
chiém 50%, nguy co cao chiém 32%, con lai 4 xd c6 nguy co thap va trung binh. Tai huyén
Hai Hau s x4 ¢o nguy co rui ro rat cao chiém 37%, nguy co cao chiém 31%, con lai 32%
xd ¢6 nguy co thap va trung binh. Tai huyén Hai Hau sé xi c6 nguy co rdi ro rat cao chiém
37%, nguy co cao chiém 31%, con lai 32% xi c6 nguy co thdp va trung binh. Tai huyén
Nghia Hung s6 xd ¢6 nguy co rai ro rat cao chiém 52%, nguy co cao chiém 20%, con lai
28% x4 c6 nguy co trung binh, thap va rit thap.

Bing 2. Bang thong ké nguy co rii ro do xam nhap man theo kich ban P = 90%.

Khéng dnh Trung

Huyén hwéng Rit thip Thip binh Cao Rit cao Téng
Giao Thuy 2 2 7 11 22
Hai Hau 5 6 11 13 35
My Loc 11 11
Nam Dinh 25 25
Nam Truc 18 2 20
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Huyén Kl;::;légjn agnh Rét thap Thip T&‘;ﬂg Cao Rét cao Téng
Nghia Hung 2 4 1 5 13 25
Truc Ninh 7 3 3 8 21
Vu Ban 18 18
Xuan Truong 7 5 6 2 20
Y Yén 26 5 1 32
Téng 98 23 20 18 33 37 229

Bing 3. Bang thong ké nguy co rii ro do xam nhap man theo kich ban P = 95%.

Huyén Kl;ﬁ;légnagnh Rét thap Thip Tt;L:]?]g Cao Rit cao Téng
Giao Thuy 5 17 22
Hai Hau 4 13 18 35
My Loc 11 11
Nam DPinh 25 25
Nam Truc 18 2 20
Nghia Hung 2 1 1 7 14 25
Truc Ninh 6 3 3 9 21
Vu Ban 18 18
Xuan Truong 3 6 9 2 20
Y Yén 26 5 1 32

Téng 98 18 11 17 36 49 229

Theo kich ban tan suat kiét P = 95% cho thdy sb luong cac xa bi anh hudng cap rui ro
cao va rat cao ting (3 xa cdp do rui ro cao va 12 xa cap d rui ro rat cao). Theo thang chia
cap do rai ro thi d6 min twong tng cap rui ro nay chi thich hop khai thac st dung nuéc cho
ndng nghiép, khong dao bao cho nudc sinh hoat.

4. Két luan

Trong linh vyc khi tugng thuy van tai nguyén nu6e ¢ Viét Nam nhiing ndm gan day da
va dang ¢ nhiéu to chirc, co quan va nhiéu ngudi quan tim nghién ctru tmg dung cac ngodn
ngit 1ap trinh thiét ké hé thong, trang web, bd cong cu hoan thién tich hop véi cac nén dir
liu vé tinh, cong nghé GIS va cac md hinh mo phong dé nang cao muc do du bao, canh
bao. Bai bao trinh bay két qua rii ro xdm nhap mian vdi cac tan xuat kiét 90%, 95% va san
pham van hanh hé thong canh bao, du bao xam nhdp man dugc xay dung voi cac mo dun
cap nhat sb liéu muc nudc bién triéu, luu lugng xa tr hd chura, lugng nude gia nhap khu
gitta dé phuc vu tinh toan diéu tiét hd chua, dién toan thuy luc, mo phong xam nhap min &
khu vue cira song khu vyre nghién ctru két hop ting dung cong nghé hé thong tin dia 1y GIS,
tir 46 dua ra cac ban d6 canh bao, du bao xAm nhap min trong cac ban tin canh bao nguy co
xam nhap mdn cho tinh Nam Dinh. Két qua van hanh dy bdo, canh bao thir nghiém trong
khoang thoi gian tir thang 01 dén thang 4 nam 2024 cho 3 diém du bao 1a tram Thuy van
Phu Lé (S. Ninh Co), tram thuy van Nhu Tan (S. Day) va cong Ngo Pong (S. Hong) kha 6n
dinh, chat lugng du bao ca vé tri s6 va thoi gian xuat hién déu dat két qua tot.

DPéng gop cia tac gia: Xay dung y tuéng nghién cau: V.T.H., D.Q.T.; Lua chon phuong
phap nghién cau: V.T.H., T.T.T.T.; Xt ly va xdy dung bo céng cu: D.V.H., T.V.G.; Viét
ban thao bai bao: V.T.H., B.Q.T.

Loi cam on: Bai bao hoan thanh nhd vao mot phan két qua cua nhiém vu khoa hoc:
“Nghién ctru dé xuét hé théng canh bao, du bao sém rui ro do xam nhap man gay ra tai tinh
Nam Dinh”.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1 cong trinh nghién ctru ciia tap thé
tac gia, chua duoc cong bd & dau, khong duoc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap lgi ich trong nhom tac gia.
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Establish a warning and forecasting system saltwater intrusion
in Nam Dinh province
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Abstract: The study presents the results of the forecast, warnings system by saltwater
intrusion in Nam Dinh province. The warning, forecasting system is built based on
modeling methods combined with MIKE 11 HD, AD and GIS technology. The system has
applied to forecast and warn of saltwater intrusion from January to April 2024. Results
show that the system runs quite stably with data updated continuously and fully. The
forecast results with actual measurements of the scope and concentration of saltwater
intrusion achieved good results. The system provided a detailed risk map due to saltwater
intrusion at the commune level with drought frequency P = 90% and P = 95%. The
calculation results show that with the frequency scenario P = 95%, the number of
communes affected at high and very high-risk levels increases (three communes at high-
risk level and 12 communes at very high-risk level). According to the risk level scale, the
salinity corresponding to this risk level is only suitable for water exploitation and use for
agriculture, not guaranteed for domestic water use. Saltwater intrusion forecasting,
warning system will be an effective toolkit for the Nam Dinh province
hydrometeorological station to forecast and warn early that may occur in the province.
This system can also be used as a theoretical basis for other coastal areas.

Keywords: Warning, forecast system; Saltwater intrusion; Nam Dinh.
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