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Tém tit: Nhan dang cu triic bang 13 van dé quan trong trong s hoa tai liéu. Véi sy phat
trién cla cac ky thuat hoc sau hién nay vi¢c phat hién bang da cé nhiéu budce tién 16n, trong
khi d6 nhan dang ciu triic bang van gap rat nhiéu khé khan do cau tric bang phic tap, dic
biét v6i dir liéu thuc té. Bai bao nay dé xuit mot phuong phap tng dung mé hinh Cascade
mask R—-CNN x101FPN deconv dé nhan dang hang va cot. Bai béo cling dé xuat sir dung mé
hinh Faster R-CNN dé nhan dang cac 6 trong bang, tir 46 dwa ra ciu trac bang. Thuit toan
dé xuat duoc danh gia trén tap dir liéu pho bién nhu TabStructDB va cac tai liéu thu thap
duogc tur cac tram Khi tuong thuy van. Két qua thuc nghi¢m dat 90% do chinh xéc trén céc
tap dir liéu nay. Thuat todn c6 kha nang ap dung hiéu qua vao viéc nhan dang cau tric bang
cua cac tai liu thong thuong; dac biét thuat toan c6 kha nang xur 1y vdi céc tai liéu lich str va
cac chit viét tay, phu hop voi dic diém tai liéu ctia nganh Khi tuong thay van. Tir d6 gop
phan vao viéc sb hoa tai liéu, luu trit va truy xuat thong tin dit liéu cia nganh Khi twong thuy
van.

T khéa: Nhan dang cAu tric bang; Nhan dang 6; Khi tugng thuy van.

1. Mé dau

Hién nay, chuyén doi sb 1a mot trong nhirng muc tiéu phat trién cua qudc gia vi loi ich ma
nd mang lai cho su phat trién kinh té, xa hoi. Mot trong cac nhi€ém vu quan trong cua chuyén
d6i s 1a s6 hoa tai liéu. Cac tai liéu so sach duoc scan hodc chup anh rdi luu vao may tinh
dudi dang dinh dang 4nh. Tuy nhién, dé khai thac dix liéu hi¢u qué hon can s6 hoa céc file nay
thanh cac dang vin ban. Tai liéu duoc chia thanh nhiéu ving nhu: ving doan vin ban, ving
tidu dé, ving anh, viing bang... Trong d6, viing bang thudng chira nhiéu thong tin, nhat 1a véi
cac tai liéu s0 sach, k¥ thuét. Do do, trich rat théng tin bang trong tai liéu la mot khau quan
trong, quyet dinh trong s6 hoa tai liéu.

CAu tric bang trong tai liéu rat da dang voi nhiéu kich thuéc khac nhau va nhiéu loai
khéc nhau (nhu bang c6 vién, bang it vién, bang khong vién). Ngoai ra bang co thé tir cac tai
liéu mdi, cli khac nhau va cé nhleu loai céu trac rat phtre tap. Nhan dang céu trac bang 1a xac
dinh cac 6 (cell), hang, cot va mbi quan hé phan cap giita cac 6. Day 1a mot bai toan rat phirc
tap va hién nay van chwa c6 mot giai phap tong thé nao giai quyét duoc toan bo cac dit lidu
bang trong thuc té va két qua nhan dang chua cao.

Mot s6 nghién ctru tiéu biéu vé linh vuc ndy ¢ thé ké t6i nhu: Nam 1997, nghién ctru [1]
lan dau d& xuat mot phuwong phép trich rat bang dua trén ciu tric dir liéu duoc goi 1a do thi
can chinh ky tu (CAG—-Charater Alignment Graph), mét dd thi can chinh ky tu duge hinh
thanh bang cach kiém tra sy lién két khoang trang trong cac khdi van ban lién ké. Mot s6

Tap chi Khi twong Thuy van 2021, 727, 1-12; doi:10.36335/VNJHM.2021(727).1-12 http://tapchikttv.vn/



Tap chi Khi twong Thuy van 2021, 727, 1-12; doi:10.36335/VNJHM.2021(727).1-12 2

tham s6 khac nhu 16 (s6 khoang tréng gila cac ct) va khoang tréng (so khoang trong lién ké
nhu vay trén moi dong) dugc str dung dé kiém tra cau trac khoang trong trong mot khoi dir
liéu. Cung v6i su phat trlen ctia cac ki thuat hoc sau, nam 2017, nghién ctru [2] da dé xuat
mot hé thong tir dau dén cudi dé hiéu bang trong tai liéu dugc goi 1a DeepDeSRT. Pau tién,
nghién ctru sir dung mo hinh mang Faster—RCNN [3] cho nhiém vu phat hién bang, tiép theo
st dung mo hinh phan doan ngit nghia FCN [4] thuc hién nhiém vu nhén dang hang va c{t &
trong bang. Nghién ctru thyc hién huan luyén trén tap dit liéu Marmot [5], va danh gia trén tap
dir liu ICDAR 2013 [6]. Két qua dat dugc Fi 1a 96,67% cho nhiém vy phat hién bang va
91,44% cho nhiém vu nhan dang cau tric bang. Nam 2019, nghién ctru [7] da dé xut mot mo
hinh hoc séu tai hoi nghi quéc té vé& phan tich va nhan dang tai liéu (ICDAR) dua vao cac
phép tich chap bién dang dé nhan dang hang va cot clia bang, tir d6 co thé xac dinh cac 6 va
cdu tric trong bang.

Nghién ctru [8] da dé xuat mot mo hinh hoc sau CascadeTabNet sir dung dé phat hién va
nhan dang céu tric bang tir dau dén cudi. Cac thir nghiém cua nghién ctru duoc thue hién trén
cac tap dir liéu ICDAR 2013, ICDAR 2019 [9], Tablebank [10].

Céc phuong phap ké trén phan 16n giai quyét trén anh tai liéu xay dung cho cac cudce thi,
chua xtr Iy va chtrng minh tinh hiéu qua véi dit liéu thuc té. Hai 13, cac dir liéu thuong c6 mot
loai lich sur hodc hién dai. Trong khi dit li¢u can s6 hoa thuc té co thé gém ca hai. Dir liéu cua
cac tram Khi twong thity van 1a mot trong céc dit liéu nhu vy, nd bao gom ca cac tai liéu méi
va cil. Bai bao nay dé xuat mot phuong phap dua trén cac ki thuat phat hién dbi tuong theo
huéng hoc sau dé giai quyét bai toan thuc té. Phuong phap dé xuat duoc danh gia trén tap dir
liéu phé bién TabStructDB md rong [ 1] cho nhi¢m vu nhan dang hang va cot, ddnh giad nhan
dang cac 6 trong cOt trén tap dir li¢u DetectCell ty xay dung va tap dir liéu Khi tuong thuy
van.

Muc dich cta nghién ctru nham: (1) dé xuat thuat toan nhan dang cau tric bang dua trén
mo hinh Cascade mask R—CNN x101FPN deconv cho nhi¢m vu nhan dang hang va cdt va
Faster R-CNN cho nhiém vu nhén dang cac 6 tir cac ¢t ¢ trong bang; (2) phuong phap deé
xuét duoc ching minh hiéu qua trén cac tap dit liéu, dic biét dir lidu thuc té 13 cac tai liéu Khi
tugng thuy van.

2. Phwong phap nghién ciru
2.1. Dir liéu nghién curu

2.1.1. Tap dir liéu TabStructDB mé rong va DetectCell

Véinhi¢m vu nhan dang cAu trac bang, bai b4o str dung dir liéu TabStructDB mo rong dé
tang cuong dit lidu. Dir liéu ndy dugc gan nhén cho timg hang va timg cot cua bang. Tong
cong bao gdm c6 2079 anh (ban ddu c6 1081 anh) trong d6 co ting cuong thém 868 anh tir tap
dir liéu Tablebank [10] va 130 anh cua tap dir li€u quan tric KTTV. Dit liéu nay dugc st dung
dé nhan dang hang va cot cho bang. Vi nhi€ém vu nhan dang 6 (cell), bai bao dé xuét tap dir
liéu DetectCell véi 1.172 anh. Mdi anh gan nhan cho ting 6, dir 1iéu gé)m ca tap dir liéu mo
rong va tap dit liéu quan tric KTTV.

2.1.2. Tap dir liéu quan tric KTTV

Tap dit liéu Khi twong thity van thu thap bao gdm céc s sach, bang biéu tir nhiéu nam
trude, né bao gébm ca dir liéu hién dai va lich str. C6 13 loai sb sach ky thuat khac nhau: s6
quan triac khi tugng co ban, ) quan tric muc nudce, s6 dung khi do d6 sau, téng btrc xa gio, $6
quan tric bdc hoi GGI-3000..., mbi loai s6 sach thuong co cac bang thong thudng va cac
bang dic trung cho timg loai so.



Tap chi Khi twong Thuy van 2021, 727, 1-12; doi:10.36335/VNJHM.2021(727).1-12

n Meson LIsSsTa]Jre our calculated Theor. /{r?) |R(0)|* Negwudi do
V{r?) with
potential model [?] > g
Tm GeV? ""/',_' 7 """"" i
2D [ n22™D2) [ 2] 0] 2 ~0 M
v(2*Dy) [ 2|11 ~0
va(23D2) | 2| 1| 2 ~0
¥3(2°Dg) [ 2|1 |3 ~ 0
3D | n23™D2) 202 ~ 0
v(3*Dy) 2] 1|1 ~0
¥a(32Do) | 2|1 | 2] 2 ~0
vs(3*D3) | 2|1 |3]| 3 1.59398 ~0
4D | n2(@™Dy) [ 202 27F 1.8596 ~0
v4*Dy) 21|11~ 1.80785 ~0
va(43D2) | 2|1 | 2 1.8565 ~0
vs(4®D3) | 2] 1|3 1.8798 ~0
5D |n2(>D2) | 2|02 2.1248 ~0
v(5*Dy) [ 2|11 2.0714 ~0
va(5%D2) | 2| 1| 2 2.1218 ~0
¥3(52D3) | 2 3 2.1452 ~0
1F [ hs(1TFs) [ 303 1.0878 ~ 0
x2(1PF) [ 3|12 1.06896 ~0
xs(13F3) | 3|13 1.08628 ~0
xa(1*Fy) | 3|1 |4 1.09818 ~ 0
2F 303 1.4253 ~0
3|11]2 1.4062 20 R e
3(1]3 2387 ~0
3[1]4 ~0 §f-ommT P e
3 F 303 5 ~0 ) _ |
3(1]2 6 ~0
31113 72369 ~0 e ——
3[1]4 3 ~0 o
1F 31013 ~0 Yy Tttt
312 1.9802 20 BT e
3(1]3 1.9988 ~0
3[1]4 2.0111 20 T ESEE=E e
1G | na(I'Gy) |40 4 1.258¢ ~0 . _ 2.
v3(1°Gs) | 4| 1|3 1.25026 ~0
va(13Gy) | 4 4 1.25878 . Y S I—— ol D U S
vs(13Gs) |41 ] 5 1.26409 @) ~0 — ®)

Hinh 1. Anh cua tap dit liéu TabStrucDB va tap dit lidu DetectCell (a) bang c6 cdu triic cac hang sat
nhau cta tap dit liéu TabStrucDB (b) Mot cot ctia bang do luu lugng bang may ADCP tap dit liéu

DetectCell.
Bang 1. Danh sach cac s6 cua dit liéu KTTV.
STT Tén sé Dic diém S6 méu
1 SKT-1 S6 quan trac khi tugng co ban 642
2 SKT-2 S6 quan tric khi tugng 7
3 SKT-3 S6 quan trac nhiét do dat 7
4  SKT-13a S6 quan tric bdc hoi GGI-3000 7
5 BKTII Téng lugng birc xa gio 8
6 BKTlla Cuong d6 buc xa gio 8
7  ADCP S6 ghi chép may ADCP 6
8 Tai liéu chinh bién Tai liéu chinh bién 41
9 S6 dung khi do do sau 16
10 S6 ghi quan tric myuc nudc 19
11 S6 ghi do luu lwong nude s6 1 11
12 Biéu XL mau nudc chét lo limg 7
13 Biéu ghi téc d6 va tinh chat luu lugng triéu 5

Tong 784
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Véi dit liéu ban dau, c6 thé phan tap dit liéu KTTV 1a nhiing bang cii cua s6 quan trac khi
tugng co tir nam 1969 dén nam 19835, ciing c6 nhiing bang ciia s6 quan trac khi twong co ban
tir nam 2000 trd vé day. Hinh 2 mo ta hai loai bang trong nhiéu loai bang cia tap dir lidu
KTTV. Nghién ciru cho thay dit liéu trong bang, ngoai la cic myc in, con c6 cac chir viét tay,
danh cho hai loai bang 1 lich sir va hién dai. Ngoai ra, con mot s6 bang ké tay ciing duoc xur
Iy trong bai bao nay. Budc dau nghién ctru nay sir dung 130 anh dua vao tap TabStructDB dé
tién hanh danh gia thuat toan.

; e s 56 ngay xudt hign trong thing so zﬁ}'y‘ :‘ Cong dén
D(_) S 10 15 20 . 1 n m v v vi vi | v | x X X1 X1 na
siu (cm) Ten R ,
) ) ) ) v e
Gitr doc doc doc doc
01 4 > o ) ,
07
13
| /
19 i I
Téng s6 m el .
Lidia Lilka | 41 | L)1 | <
TB I r e
Dosiu e
13h (a) Ky hi¢: & + Tri s6 hi¢u chinh 3% Tri s6 kha nghi ® Tri 56 b6 sung

Hinh 2. M6t s6 loai bang thudc tap dit liéu Khi trong thuy vin (a) bang hién dai, c6 cac sb viét tay (b)
bang lich sir, ¢ cac s viét tay.

2.2. Phuwong phap nghién cuu

Nghién ciru sir dung mé hinh Cascade mask r—cnn_r101 fpn dconv c3—c5 dé nhan dang
hang va cot. Do két qua thyc nghiém ban dau cho thdy két qua nhan dang hang kha t¢, trong
khi két qua nhan dang c6t t6t. Piéu nay c6 thé 1a do cac hang chira nhiéu phan nén, it dac
trung can thiét dé nhan dang va cac hang c6 khoang cach gin nhau. Nghién ciru nay dé xuat
phuong phap tiép tuc sir dung mot mang Faster R-CNN dé nhan dang cac cell duoc tach ra tix
cac ¢t vira dugc nhan dang. Y tudng nay Xuét phat tir viéc nhan théy réng cac cell trong mot
hang c6 kha ning dé dang duoc nhan dang hon 13 trong toan bang, va cac cell nhan dang
trong cdt tuong duong voi mot hang trong bang. Viéc lua chon Faster R-CNN muc dich
mudn lya chon mdt md hinh nhe va ¢ hiéu qua cao.

, M6 hinh Cascade mask r-
Anh cnn x101 fpn deconv Cac cét
: B;‘ il N FasterR- | | Cautric
— o\ CNN béng
RT" Hefd L L

Deomele 7_
Rt

Hinh 3. M6 hinh nhan dang c4u tric bang.
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Sau day, s& mo ta vé mot sb ky thuat dugc sir dung trong nhan dang cau tric bang cy thé
12 mo hinh Cascade R—CNN két hop véi tich chap bién dang (Cascade mask r—cnn_r101 fpn
dconv ¢3—c5). M6 hinh nay xuat phat tir mot s6 nghién ctru trude day nhu vé R—-CNN [11],
Fast R—-CNN [12], Faster R—-CNN [4], Mask R—-CNN [13], Cascade R-CNN [14], tich chap
bién dang [15], ResNet [16], FPN [17]. M6 hinh s& dugc huan luyén trude véi tap dir lidu
COCO [ 18] trude khi dugce tinh chinh lai véi dir liéu ciia nghién ctru nay. Diém khac biét cua
mo hinh ndy so v&i cac mé hinh khéc [3, 8] 1a st dung tich chap bién d6i. Ta c6, phép toan
tich chap thong thuong nhu sau:

K K

(F*D)i, )= > > F(mn)xI(i-m,j—n) Vi=l.,HYj=1.,H (1)

m=—K n=—K
DAu * thé hién phép toan tich chap, F 1a bo loc ma dugc hoc, I 1a 4nh, K 1a gia tri dugc
tinh nhu sau:L IF|/2 J trong do|F|la kich thudc cta bo loc. H 1a chi€u cao cta anh, W la chi€u

rong cua anh, i, j dai dién cho vi tri dang thuc hién phép tich chap da dé xuét sir dung phép
toan tich chap co thé bién dang vao trong nhan dang hang va cot trong bang. Phép tich chap
bién dang st dung cac hé s6 mé rong thay vi st dung ludi c¢b dinh cho phép 16p tu diéu chinh.
Cac hé sb nay duogc tinh toan dua trén tdp hop céc tﬁng tich chap khac, do doé ching c6 thé hoc
dugc. Cong thirc ctia phép tich chap bién dang 2-D c6 thé duge mo ta bang cong thirc nhu
sau:

K K

(Fol)(i,j)= Y. > F(@,j)xI(i—m+08"<u, j—n+5/"" "y Vi=1..H, Vj=1..W  (2)

L, ],m,n i,j,m,n
m=—K n=-K

Ki hiduo thé hién cho phép tich chap bién dang, cac tham s6 khac hoan toan gidng vai
cong thice tich chap thong thudng & trén. s, "= ki hiéu cho cac tham s6 mé rong.
Hinh 4 thé hién phép tich chap bién doi.

Hinh 5 cac do léch (offset) co thé dat duoc béng cach ap dung mot 16p tich chap trén ban
d6 dic trung dau vao. Hat nhan cua tich chap st dung d6 phan giai, do gidn no khong gian
nhu cta 16p tich chap hién tai. Truong do 1éch (offset) dau ra c6 cung do phan giai nhu ban d6
dic trung dau vao va c6 2N kénh trong d6 2N tuong tng véi N hiéu so 2D.

Két hop tich chap bién ddi voi mang ResNet—101 [16] va véi Cascade Mask R—CNN
[14], va FPN [17] ta c6 m hinh mang nhu trong Hinh 5. Trong d6 “I”” 1a anh dau vao, “conv”
cac tich chap khung xuong, “pool” trich rut didc trung timg vang, “H” dau mang, “B” hop gidi
han va “C” 12 bd phan loai. “Bo” 1a cac dé xuat trong toan b kién truc.

y

M P P

—> Q— — P (v (un|>

AR

Tich chap (conv) Cac do léch
Trwong do lech  (offsets)

(offset field)

Tich chap bién d6i
(deformable convolution)

Ban d6 dic treng dau vao Ban db dac trng dau ra

Hinh 4. Biéu dién tryc quan ctia phép tich chap bién doi.
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Hop gidi han 0 Hop gidi han 1 Hopgidihan2  Hop gidihan 3 Phan doan
(B0) (B1) (B2) (B3) (s)

Mang d@ xut viing Dau hop gidi han Pau hop gidi han Dauhop gidihan  DauMét na

(RPN) (Head Bbox) (Head Bbox) (Head Bbox) (Head Mask)

ResNet-101 bién d6i
(Deformable ResNet-101)

Anh >

Hinh 5. M6 hinh mang Cascade mask r—cnn_r101 dconv.
3. Két qua va thao ludn

3.1. Tap dir liéu danh gia va do do

Nghién ctru danh gia trén hai tap dir liéu TabStructDB mo rong véi 130 bang thudc tap
dit liéu KTTV, DetectCell va hién thi mot sb két qua nhan dang cAu trc bang trong tap dir
ligu KTTV. Nghién ctru nay chia cac tap dir liéu theo ty 1€ 60% cho tap huén luyén, 10% cho
tap kiém dinh, 30 % cho tap kiém tra. Két qua thyc nghiém dugc thuc hién trén tap kiém tra.

Do do duoc sir dung dua trén tham sb IoU (Intersection over Union) [19] trén cac phép
do Precision, Recall, F1. IoU bang dién tich ving chdng lan giita hop dy doan va hop ding
(ground truth) chia cho dién tich ctia ving dugc tao bdi hop ctiia hop du doan va hdp dung.

1A

- N 3
(DA + GA —1A) (3)
(oL Di&n tich chéng 14an
Dién tich ving hop .
Hinh 6. M6 ta vé IoU.
Cong thuc vé 30 do P, R, F1 trung binh:
1 N
P=—-3 (I4,/DA) “)
N i=1
1 N
=— 14,/ GA 5
N;( ./ G4,) (5)
F=2*((P*R)/(P+R)) (6)

Trong do IA 1a dién tich ving giao nhau gitta hop du doan va hop dung, DA la dién tich
hop du doan, GA 1a dién tich hop dung, N 13 sb anh trong tap kiém tra.

3.2. Két qua danh gia

Nghién ctru nay str dung ngdén ngit 1ap trinh Python, thu vién PyTorch, MMdetection
[20] xay dung chuong trinh va cdc mo hinh thur nghiém. Céc thuc nghiém ctia nghién clru nay
duogc thuc hién trén nén tang Google Colaboratory Pro voi Tesla V100-SXM2 ¢6 bd nhé
GPU 16GB, Intel(R) Xeon(R) CPU @2.30GHz va 24 GB Ram.
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3.2.1. Panh gia két qua nhan dang hang va cot

Thuc nghiém viéc nhan dang ciu tric bang. Ta thiy theo nhu bang 2, mé hinh cho phép
nhan dang cot kha t6t, ty 1& nhan dang c6 thé 1én t6i 97,20 % va d6 do F1 theo IOU Ién téi
94,04 % (d tin cay 0,7). Tuy nhién, viéc nhan dang hang con chua tét chi c6 49,77% (d6 tin
cdy 0,4) hang c6 thé nhan ra, nhitng hang c6 kha ning nhan ra thi c6 nguong IoU tring khép
cao F1 = 89,19 % (d¢ tin cdy 0,4). Cac bang co6 cac hang cach xa nhau (16n hon d rong cua
ky tu) c6 xu thé nhan dang rit tot, cic hang gan nhau thuong khong thé phan biét va nhan
dang duoc. d = (s6 ddi trong phat hién ra c6 ngudng IoU > 0,5)/(sd dbi twong thyuc co).

Bang 2. Két qua nhan dang hang va cot.

Row Column All
foU P R F1 d P R F1 d P R F1 d
0,4 90,72 87,71 89,19 49,77 94,19 93,23 93,71 97,78 86,82 85,16 85,98 62,03
0,5 91,17 88,59 89,86 47,94 9432 9335 93,83 97,78 87,03 85,61 86,31 60,87
0,6 91,54 89,20 90,36 46,12 9442 93,51 93,96 97,53 87,16 8595 86,55 59,64
0,7 92,03 89,92 90,97 44,43 94,47 93,61 94,04 97,20 87,34 86,27 86,80 58,53

Nghién ctru sir dung mot tha thuat nho 1a thay d6i kich thude ciia anh theo chiéu cao.
Nghién ctru kéo dan anh 3 1an theo chidu cao h=h*3, két qua thuc nghiém cho thiy viéc két
hop kéo dan anh dy doan hang va giit nguyén anh gdc cho du doan cot cho két qua t6t nhat
nhu trong bang 3. Ta ciing thdy mo hinh ciing t6t hon so véi mé hinh Cascade mask
hrnetv2pw40.

Bang 3. Két qua thuc nghiém nhan dang hang cot st dung kéo dan anh.

IoU
Phwong pha Mo hinh Wavg.
s phap 0,6 0,7 0,8 &
Kéo dan anh Cascade mask r—cnn
83,87 84,40 85,06 85,67 84,75
x101 dconv
Anh gbc (cot) va Cascade mask r—cnn
84,75 85,34 85,58 86,65 85,58
kéo dan (hang) x101 dconv
Anh gbc (cot) va Cascade mask
82,53 83,55 84,52 86,08 84,17
kéo dan (hang) hrnetv2pw40

Hinh 7 minh hoa két qua nhin dang hang va cot tot. Piéu nay 1a do cac hang & day co
khoang cach du dé nhan dang. Trong hinh 8, mé hinh nhén dang thiéu hang rat nhiéu. Ap
dung k¥ thuat kéo dan anh dugc két qua thuc nghiém nhan dang tdt & hinh 9. Sau day la cac
két qua nhan dang cu thé:

result

0 200 400 600 800

Hinh 7. Két qua nhan dang hang cot tot.
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Annh ket qua

Hinh 8. Bang nhén thiéu hang.

FSKIB | B2 | Y] mn || ™ | D] Bp | —An | P
-T™™8n | 0.00 | — [ 4.33 | 4.40 | 0.00 | 0.00 | 17.18 | 3.50[
10280 000 | — | 438 ) 442 | 1.54 ) 0.00 |11.00 || 4.33
ct%88n | 000 | — (443 443 1 1.65 | 0.00 |10.40 | 5.16
10580 | 000 | — | 448 || 4.45 | 220 | 0.00 | 10.34 | 6.00
12988n Joo0 | — | 452 447 | 1.83 | 000 | 993 | 6.81
@080 000 | — | 456 449 1237 | 0.00 | 9.76 | T7.61
1250 oo0 | — [ 460 450 | 243 | 0oo | 941 | 838
IEsn Jooo | — (464 452231 [000 | 909 9.3

6Sn | 0.00 | — | 467 453 | 2.02 | 0.00 | B.69 | 9.85

gn J 000 | — | 471 455 | 2.04 | 0.00 | 8.28 | 10.55
A4208n [ 000 | — [ 475 [ 456 [ 0.00 [ 000 | 850 [ 10.04

22gn oo [ — [4.78 [ 457 [1.70 | 0.00 | 7.61 [ 11.94|
A248n Jowo | — [ 481 [ 459 | 1.68] 0.00 | 7.34 [ 12.6F
KE*snlooo | — [4R4( 460 161 | 000 | 7.10 | 13.40
c'288n 1 0.00 | — | 487 461 | 1.46 | 0.00 | 6.85 | 14.13]
1305n [ 0.00 | — [490] 462 [ 1.19 | 0.00 | 6.54 [ 14.86)
'¥%8n | 0.00 | — | 493 [ 4.64 | 0.00 | 0.00 | 8.00 || 15.56
' 348n 1 0.00 | — [ 499 ] 465 | 0.78 | 0.00 | 2.00 | 15.93
1368n 1 000 | — [ 504 467 | 1.30 | 0.00 | 210 | 16.39
' Sn | 000 | — | 5.10 [ 4.69 | 1.61 | 0.00 | 2.09 | 16.63
(1305, [0.00 | — | 514 4.71 | 1.66 | 0.00 | 1.94 | 17.22

Hinh 9. Bang nhan du hang sau khi thuc hién phép kéo dan.

3.2.2. Két qua nhan dang 6 trong bang

Sau do, nghién cuu nay tién hanh thuc nghiém viéc nhan dang 6 vdi tung cdt va két hop
chung lai véi nhau. Bang 4, thé hién két qua nhan dang 6 véi tap dir li¢u 1a céc cot.

Bing 4. Két qua nhan dang cell.

IoU
M6 hinh WAvg.
0,6 0,7 0,8 0,9

Faster R-CNN 88,52 88,60 88,60 88,82 88,63
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Dudi day 1a mot sé két qua thue nghiém nhan dang cdu triic bang tir dau dén cudi. Qua
trinh xir Iy gdm: phat hién hang, cot va phat hién cell trong bang. Qua két qua thuc nghiém,
thuat toan c6 kha nang nhan dang cau triic bang twong ddi tot. Theo bang 10, cac 6 duoc nhan
dang chinh x4c bang hién dai, dac biét vdi ca cac chix viét tay. Bang 11, bang hién dai véi cac
chir duoc danh may, két qua nhan dang cac 6 chinh xac. Bang 12, bang vé tay c6 tinh chét lich
sir, chir viét tay, cac 6 dugc nhan dang chinh xac. Bang 13, bang lich su, gidy c6 vét gap, va
chir 1a ca viét tay va danh may, thuat toan cho phép ta xac dinh duoc chinh xéac céc 6.

Git [Phit] H | Q [Qhe| ¥ [ Vme | Vb [Ten File s i th| Ten File Config | Ngwin do | Huomg chap| Humg do| Gl Ch
Lz |0 Lo |35 laqlor \isto] g8} 0ar’| TR4m4 & av0 | TR [84.cG| Thual | - L8| g
.l | do B 1, %) apl TETEA.CER| = - p-T % - T
Aol | Lo [ssel 0 lim | o2 g0 mmmn.m[..iﬁlu_-c.t.i....._-.....__ - i G -
a1zl i | goldn |54 5| ide) g 30l adz] TRIR M3kl TATALcEG | - r—§ =
(51 57| 9| o | ed0 |sagal et |aito] eda] our] mere amkoem| TRikscElr | Thuat| I-p
] 7|0 0g |67 | 9243 s Lizdal 035 1;._:,?: IRIR A Ram| [RIE 4. CFF. ."1.,1}.- - TP .
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4. Két luan

Nghién ctru da dé xuét thuat toan nhan dang ciu tric bang dua trén md hinh Cascade
mask R—-CNN x101FPN deconv dé nhan dang hang va cot, sau d6 stir dung mé hinh Faster R—
CNN dé nhan dang céc 6 trong bang tur do dua ra cau triic ciia bang. Thuat toan cho thdy higu
qua cao trong nhan dang cau tric bang véi gan 90% d6 chinh xac. Trong thoi gian t6i, bai bao
sé t1ep tuc nghién ctru phat trién thuat toan trén thong tin hang dé nang cao két qua nhan dang.
Pong thoi tiép tuc thir nghiém cac dir lidu khac cia KTTV dé ing dung tét hon trong thuc té.

bong gop cua tac gia: Xay dung y tuong nghién cou: HH.P., N.D.D., P.L.P.; Lua chon
phuong phap nghién ctru: HH.P., N.D.D.; Xu ly s6 liéu: N.D. D Phan thh mau: N.D.D;
Lay mau: HH.P., P.L.P.; Viét ban thao bal bao: H.H.P., N.D.D.; Chlnh stra bai bao: H.H.P.,
N.D.D., P.L.P.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctru trude day; khong cod
su tranh chap loi ich trong nhom tac gia.
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Research and apply table structure recognition algorithm based
on object detection
Ngo Dai Duong!, Hai-Hong Phan!”, Pham Le Phuong?

! Military Technical Academy, Viet Nam; hongpth@lqdtu.edu.vn;
daiduong28789@hotmail.com
2 Hydro—Meteorological Information and Data Center; phuongpl80@gmail.com

Abstract: Table structure identification is an important issue in document digitization.
With the development of current deep learning techniques, the detection of tables has made
great strides, while table structure identification still faces many difficulties due to complex
table structure, especially with real data practice. This article proposes a method to apply the
Cascade mask model R—-CNN x101FPN deconv to identify rows and columns. The paper
also proposes to use the Faster R—-CNN model to identify the cells in the table, thereby
giving out the table structure. The proposed algorithm is evaluated on popular datasets such
as TabStructDB and documents collected from Hydrometeorology stations. The
experimental results reached 90% accuracy on these datasets. The algorithm is capable of
effectively applying to the identification of the table structure of common documents;
especially, the algorithm is capable of dealing with historical documents and handwriting,
in accordance with the document characteristics of the hydrometeorology industry. Since
then, it contributes to the digitization of documents, storage and data retrieval of
hydrometeorology industry.

Keywords: Structure table recognition; Cell recognition; Meteorological and hydrological.
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Tém tit: Nang cao chat lugng dy bao cac yéu t6 khi twong thiy vin néi chung va dy bao hai
van noi riéng co vai tro quan trong trong du bao, canh bao khi tugng thuy van phuc vu
phong, chong va giam nhe thién tai va phat trién kinh té bién. O Viét Nam, do han ché vé s6
liéu quan trac khi twong thuy vin bién nén dy bao song bién chu yéu dua trén cac két qua cua
mo hinh s6 tri. Cing chinh vi thiéu sb liéu quan tric nén danh gia két qua du bao cia mé
hinh con nhiéu han ché, nhit 1a tai khu vuc bién xa bor dan tdi san phém du bao chua thuc su
du do tin cay. Trong nghién ctru ndy gidi thiéu két qua thu thap, phan tich va xir 1y s6 liu
quan tric song bang vé tinh va mot s6 két qua danh gia du bao song ctia mé hinh SWAN trén
khu vuc Bién Pong. Panh gia két qua du bao song thang 10 nam 2020 cho thay giita sd lidu
du bao tir md hinh va quan tric do cao séng tir vé tinh c6 hé sb twong quan khé 16n véi sai s6
nho & ca thoi han du bao 24 va 48 gio, ngoai trir nhiing ngay c6 bao.

Tw khéa: Du bao song bién; Vé tinh; Panh gia du béo.

1. M& dau

Song bién la yéu tb hai van duoc quan tam bac nhét dbi cac hoat dong kinh té x4 hoi khu
vue ven bién va giao thong hang hai. Chinh vi viy ma cac ban tin canh bao, du béo séng ludn
dugc quan tam khong chi trong nhing thoi diém c6 thoi tiét nguy hiém (béo, ap thap nhiét
doi, gi6 mua manh...) ma hang ngay dé 1ap ké hoach cho cac hoat dong trén bién. O Viét Nam
do han ché vé s6 liéu quan tric nén du bao song chii yéu dua trén két qua ctia mé hinh s6 tri.
Céc két qua dy bao ciia m6 hinh SWAN duoc thiét 1ap tai Trung tdm Dy béo khi tuong thuy
van (KTTV) qudc gia 1a ngudn tham khao chinh dé dua ra cac ban tin du bao song hang ngay
tai Viét Nam. Mac du m6 hinh da dugce hi¢u chinh va kiém dinh trong mot vai dé tai, du an,
tuy nhién voi thoi gian ngén va khong gian kiém dinh con gidi han nén chat lugng du bao
chung chua thyc sy du d6 tin cdy. Viét Nam c6 duong bo bién trai dai trén 3200 km, tuy
nhién, hién tai mang ludi tram quan trac khi tuong, hai van chi c6 26 tram nam dai rac & ven
bo, mot s6 dao va nha gian, quan trac song hoan toan dugc thyuc hién theo ude lugng bang
mit thudong nén han ché ca vé tan suat quan trac va chét lugng sb lidu. Chinh vi vay rat kho
khin cho cong tac du bao va danh gia chat luong dy bao song bién.

Trong linh vue KTTV ¢ Viét Nam nghién ctru st dung s6 liéu vé tinh vao dy bao chu yéu
thuc hién trong dy bao khi twong va thity van va yéu t6 duoc quan tdm nhat 1a dir liéu mua
udc lugng tur vé tinh [ 1-4]. Trong khi do, d6i voi du bao song bién mot s6 nghién ciru chu yéu
tap trung vao phat trlen va hoan thién cong nghé du bao [5-6]. Tai nudc ngoai, nghién clru sir
dung s liéu quan tric d¢ cao soéng tir vé tinh vao du bao séng bién da thyc hién tir 1au nhung
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chu yéu tai cac nudc phat trién. Trong do, sb liéu quan tric song tir vé tinh duoc sir dung vao
2 muyc dich, d6 1a kiém nghiém cac mo hinh du bdo song va dong hoa dit liéu cho md hinh dy
bao song. Hudng nghién clru s dung s6 liéu vé tinh dé déanh gia chat lugng md hinh du bao
ngdy cang phét trién v6i nhidu thuat toan phan tich va st 1y s6 liéu dugc cap nhét, nhu trong
cac nghién ctru dién hinh [7-9]. St dung s6 liéu quan tric song tir vé dé dong hoa dir liéu da
cai thién dang ké chat luong du béo song, nhét 1a lam giam xu thé thién cao va thién thap vé
d6 cao song du bao [10-13]. Nhimg nam gan ddy, nhiéu co quan du béo cta nudc ngoai da
dua san quan tric d9 cao song tir vé tinh ciing nhu két qua danh gia du bao 1én web site nhu 13
nhiing bao cdo hang thang [14-16].

Trong khudn kho dy an hop tac vé chia sé kinh nghiém du bao gitta Trung tdm KTTV
qudc gia va Vién Khi trong Nauy, phia Nauy da cung cap cho Trung tam Dy bao KTTV quéc
gia ngudn dit liéu quan trac do cao song bang vé tinh dugc cung cap boi chuong trinh “Dich
vu Giam sat Moi truong Bién Copernicus — CMEMS” ctia Uy ban Chau Au [4]. Nhiéu co
quan du béo ciia Chau Au hién nay nhu 14 Vién Khi tugng Nauy (Met Norway) da sir dung
ngudn so liéu nay dé danh mo hinh dy bao séng va cap nhat két qua danh gia trén website clia
ho [17]. Hién tai dit liéu quan tric song duoc thuc hi¢n bdi 7 vé tinh do cao bao gém Jason—
3, Sentinel-3A, Sentinel-3B, Cryosat—2, SARAL/AltiKa, CFOSAT va Hai Yang—2B v¢i cac
nhiém vu khac nhau. Cac dit liéu nay sau d6 duoc xur Iy bdi hé théng phan tich dir liéu do do
cao da nhiém vu WAVE-TAC duya trén cac thudt toan voi cac tiéu chi nghiém ngat khac
nhau. Cac sb liéu vé tinh dugc cung cip gan véi thoi gian thuye, dugc cap nhat lién tuc voi do
phan giai khong gian la 7km x 7km [17]. Nhu vay, ngoai cac so liéu quan tric theo phuong
phap truyen thong thi dir liéu v¢ tinh dugc xem nhur la mot ngudn dit liéu dang tin cay va cd
thé bo sung vao chudi sé liéu quan trac con thiéu sot.

Trong bai bao nay, mdt vai két qua budc dau trong viéc thu thap, xu ly s6 liéu vé tinh va
str dung s6 liéu vé tinh dé danh gia két qua du bao song tir mé hinh SWAN cho ving bién
Vi¢t Nam duoc phan tich danh gia. Thanh cong cua nghién ctru s€ giup cac du bao vién cod
thém mot ngudn s6 va cong cu phuc vu dy bao va danh gia chat lugng du bao song bién.

2. Phwong phap nghién ciru

2.1. Phwong phdp quan tric séng bang vé tinh

Nguén sd liéu quan tric song bang vé tinh ma CMEMS cung cip duogc thuc hién bsi 07
vé tinh do cao bao gom Jason—3 (J3), Sentinel-3A (S3A), Sentinel-3B (S3B), Cryosat—2
(C2), SARAL / AltiKa (Al), CFOSAT (CFO) va Hai Yang—2B (H2B) voi cac nhiém vu khéc
nhau xung quannh trai dt trong d6 c6 ving bién Viét Nam [17]. Hinh anh ctia 07 vé tinh trén
khong gian duoc thé hién nhu trén Hinh 1. Trong qua trinh di chuyén xung quanh trai dat theo
quy dao ctia minh, cac vé tinh do cao gtri di mot tin hiéu radar hinh cau theo hudng thién dé
(the nadir). Cac tin hiéu nay bi phan xa boi bé mit bién va quay tré lai vé tinh. Viéc phan tich
tin hiéu tra vé cho phép tinh toan thoi gian can thiét dé tin hiéu di va tro lai, tirc 1a khoang
cach gitra v¢ tinh va bé mat bién. Sy phan bd dd cao trang thai bé mit bién anh huong dén toc
d6 ma tin hiéu duogc tra lai déy da cho v¢€ tinh. Do vay, dd cao song c6 nghia trén mat bién
duoc xéac dinh tir dd dc ctia mat trude front song. Bd cao song cang cao thi tin hi¢u nhan
duogc cang trai dai theo thoi gian. D¢ tré gitra 1an quay lai du tién va lan tra lai tin hidu dy du
s& dan dén mot vung tdi chtra hinh dang cta séng, chinh ving toi nay sé chi ra trang thai caa
do cao mat bién (Hinh 2 va Hinh 3).

Hé sb khuyéch tan nguoc (o0 trong Hinh 2) c6 the chiu tac dong boi toc do gi6. Cac thuat
toan khac nhau déa dugc phat trlen dé giai quyét mdi quan hé giira toc do giod, hé s6 khuyénh
tan nguoc trén bé mat bién va cudi cung la do cao song c6 nghia. Tbc @6 gio thuong duoc
danh gia & d6 cao 10 mét so voi mat bién [17].
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Sentinel-3A/B

CFOSAT

HaiYang-2B

Jason-3

Hinh 1. Hinh anh 07 v¢ tinh thyc hién quan tric song trén Bién Pong cta Dich vu Giam sat Moi
truong Bién Copernicus—CMEMS [17].

oo e

Hinh 2. Dang hinh anh phan xa ciia d6 cao séng trén bé mét bién véi phép do cao thong thuong.
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Hinh 3. Cao ké cua dang séng.
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2.2. Nguon s6 liéu

S6 liéu quan tric d9 cao song tir vé tinh CFOSAT (CFO) trong thang 10 nam 2021 duoc
str dung dé danh gia két qua du bao do cao séng tir md hinh SWAN. Trong d0, s6 liéu vé tinh
CFOSAT (CFO) thu thap tr may chi Copernicus v&i tén san pham la
WAVE_GLO_WAV_L3 SWH _NRT_OBSERVATIONS 014 _001. S liéu quan tric song
cta v¢ tinh CFO la san pham cua v¢ tinh do cao da dugc xur ly ¢ cap do 3 (level 3), d6 phan
giai khong gian 7km x 7km. M6 ta chi tiét vé san pham dugc cung cap trén trang web cua
Copernicus[16-17]. SWAN la m6 hinh du bao séng thé hé ba, dya trén tinh pho song hai
chiéu bang cach giai phuong trinh can bang tac dong song (trong trudng hop khong c6 dong
chay c6 thé dung phuong trinh cén bang nang luong séng) co tinh to1 sy lan truyén song tir
viing nudc sau vao vung nudc nong ven bo, dong thoi trao doi nang lwong véi gid thong qua
ham ngudn cling vdisy tiéu tan nang lwong song. Co s 1y thuyét cia mod hinh SWAN duoc
trinh bay rét chi tiét trong cic nghién ctru [5-6,18]. M6 hinh SWAN dugc thiét 1ap chay
nghiép vu tai Trung tim Du bao KTTV qudc gia véi ving du béo 1a khu vuce Bién Dong (0-
25°N, 95-125°E), d6 phan giai ngang ctia mé hinh 1a 4km x 4km, ngay chay hai luogt véi sb
lidu dau vao tai cac thoi diém 00 va 12 gio UTC. M6 hinh SWAN chay véi truong gioé dau
vao tir mo hinh IFS dugc cung cip bai Trung tam Han vira Chau Au (European Centre for
Medium—Range Weather Forecasts (ECMWF)) c6 d0 phan giai ngang 0.2km x 0.2km.

Dé c6 duoc chudi s6 liéu theo thoi gian tir mé hinh du bao song phit hop véi cac quan sat
v¢ tinh, mot thuat toan dugc xay dung dé sap xép cac diém anh CFO voi céac 6 ludi ciia mo
hinh (Hinh 4). Rang budc vé khong gian va thoi gian quyét dinh xem liéu mot 6 ludi mo hinh
c6 thé so sanh voi mot diém anh cia vé tinh duoc hay khong [17]. Gi6i han thoi gian tap
trung vao budc thoi gian cia mo hinh va cho phép céc gia tri quan tric tir vé tinh CFO dugc
chon néu chung duoc ghi lai trong vong +30 phit. Theo khong gian, chi cho phép sép xép vi
tri cac 6 ludi mé hinh dugc lién két truc tiép vai vé tinh voi khoang cach t6i da 13 6 km dén
diém anh. Céach tiép can nay dan dén hai chudi thoi gian cta cac gia tri dd cao séng, mot cho
md hinh séng va mot cho cac quan sat v¢ tinh [17].

Cira so thei gian 4°
N a |
Ca oM
. A = A
= g ___.ﬂ Dich chuyven cira s0

.II g ,HI ! E z .-:
L »_ tim kiém

i
]
i
i

Gidéi han khoang ciach

Hinh 4. Phac thao cta phuong phép sip xép dugc sir dung (diém anh cua vé tinh duge minh hoa bing

mot hinh chitr nhat mau cam).
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2.3. Phuong phap danh gia
Dé danh gia murc d pht hop giita cac gia tri dd cao song tir mo hinh vdi cc quan sat tir
v¢€ tinh, mot s6 chi ti€u sau dugc danh gia:
— H¢ so twong quan tuyén tinh (Linear correlation coefficient) cia n cdp gia tri (X,y)
trong mot tap hop 1a so r dugc tinh nhu sau:
po S (1)
SSex - SSyy

SS= Y xt = (Y x) @

S5y = X3y -2 EDEY) ©)

Trong do:

SSyy =2y: = 2 () @

Heé s6 twong quan tuyén tinh chi ra mirc d6 thay doi cia mo hinh theo céac gia tri quan
trac.

— Sai s6 trung binh (Mean Error—BIAS)

BIAS =~ %I, (F; - 0) (5)

Trong do F; 1a gia tri du bao; O; 1a gia tri quan tric.

Chi s6 ME chi ra sai s6 trung binh so véi gié tri quan tric, nhung khong phan anh bién do
ctia sai s6. Gia trj duong ctia ME ttic 14 trung binh gia tri du bao 1on hon gia tri quan tric, gia
tri am cua ME twong g v6i viée du bao thap hon gia tri quan tric. Chi sé ME c6 gia tr tir —
dén +oo, voi 0 1a gid tri “hoan hao”. Tuy nhién, d6i khi mot du béo sai lai nhan duoc gia tri
ME = 0 khi trong d6 c6 nhitng sai s6 triét tiéu nhau. Do vay, néu chi st dung mot chi s6 ME
dé danh gia chat luong du bao s& khong phan anh duoc d6 tin cdy cia két qua du bao.

— Sai s6 quan phuong (Root Mean Square Error—RMSE) 1a cin bac hai cuia MSE va la
thudc do cua bién do sai sd.

N
RMSE = %Z(Fi —0,)? (6)
i=1
Chi s6 RMSE cho biét bién d¢ trung binh ctia sai s6 du bao, nhung khong cho biét huéng
ctia d 1éch. Cac chi s6 MSE va RMSE c6 thé dugc tinh toan trén bt ky hay tit ca cac huéng
theo khong gian hodc theo thoi gian.
— Sai s6 trung binh tuyét d6i (Mean Absolute Error—-MAE):

MAE = ;Zizllﬂ- — 04 (7

Chi s6 sai s6 tuyét d6i trung binh cho biét bién do trung binh cua sai sé du bao, nhung

khong cho biét huéng ciia d6 1éch. Gia tri 0 cho biét du bao 1a “hoan hao”. Thong thudng, chi

s6 MAE duoc sit dung cung voi chi s6 BIAS dé dua ra udc luong vé d6 tin cay hiéu chinh két
qua md phong ctia mo hinh du béo.

3. Két qua danh gia dw bao dd cao séng sir dung s liéu quan tric tir vé tinh

Trong nghién ctru ndy, cac két qua du bao tir md hinh SWAN vdi cac thoi han dy bao 24
va 48 gio trong thang 10 nim 2020 dugc danh gia véi sb liéu quan tric song bang vé tinh.
Hinh 5 13 cac vét anh quan tric s6 lidu song tir vé tinh CFO trong thang 10 nim 2020. Dya
vao sb luong diém anh trong thang 10 nam 2020 duoc thé hién nhu trén hinh 6 co thé théy gia
tri quan trac song ma vé tinh CFO thu thip dugc theo thoi gian 1a khong gidng nhau, s lugng
diém anh phy thudc vao vi tri ma v¢ tinh di qua trén khu vuc quan trac. So sanh gitra cac gia
tri du béo tir mo hinh SWAN véi sd liéu quan tric vé tinh tai cac thoi diém dyu bao 24 va 48
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gio trong thang 10 ndm 2020 dugc thé hién trén cac hinh 7, 8 va 9 cho két qua twong dbi tot,
ngoai trir cac ngay cd bao (vung khoanh tron mau do). Thang 10 nam 2020 1a thang c6 kha
nhiéu con bdo xay ra lién tiép nhau, cu thé 1 cac con Linfa (10—11/10/2020), con Nangka
(12-15/10/2020), con Saudel (21-25/10/2020) va con Molave (26-28/10/2020), trong d6
con Molave 13 con bdo rat manh voi cuong do bao dat cap 13, giat cap 16 khi d6 bo vao ving
bién ngoai khoi cac tinh tir D4 Néng dén Binh Dinh [19]. Cac két qua so sanh trong thang 10
nam 2020 cho thay gia tri du bao 24, 48 gid cia mé hinh thudng thién thip so voi quan trac
nhung vao thoi diém xay ra bio manh gia tri du bao lai hudng thién cao va thuong co sai s6
16n.

cfo voi 14838 diem anh:
2020-10-01 00:00:00 UTC toi 2020-11-01 00:00:00 UTC
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Hinh 5. Quan tric cia vé tinh CFO trén khu vyc Bién Pong thang 10 nam 2020.
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Hinh 6. S6 luong diém anh tir vé tinh CFO thu thap dwoc tai cac budc thoi gian du bao 24 va 49 gid
trong thang 10 ndm 2020 phti hop dé so sanh véi két qua du bao tir mo hinh SWAN.
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Hinh 7. Biéu db scatter danh gia mtc do trong quan gitra dy béo va quan tric song tir vé tinh CFO

trén Bién Dong trong thang 10 nam 2020 véi thoi han du béo (a) 24 gid va (b) 48 gid.
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Hinh 8. Hé s twong quan giita mo hinh va quan tric tai cac thoi diém du bao 24 va 48 gio trong
thang 10 nam 2020.
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Hinh 9. Sai s6 trung binh (BIAS) va Can béc hai cta sai s6 binh phuong trung binh (RMSE) gitra két

qua du bao tir mé hinh SWAN va s6 liéu quan triic tir vé tinh tai cac thoi diém du bao 24 va 48 gio.

Dé danh gia cy thé hon, 02 trudng hop dugc tap trung phén tich:

— Trudng hop tht nhit: Khoang thoi gian 00Z ngay 24/10/2020 (bdo Saudel anh hudng)
vo1 cac thoi han du bao 24h va 48h.

— Trudng hop thr hai: Thoi diém luc 00Z ngay 10/10/2020 (thoi tiét binh thuong =
khong c6 bdo va ap thap nhiét d6i) voi cac thoi han dy béo 24 va 48h.

Véi truong hop tht nhét, tai thoi diém du bao luc 00Z ngay 24/10/2020 ctia md hinh
SWAN thi vé tinh CFO ciing cho mét vét anh cuia cac gié tri quan tric kha gan bo va gan tim
clia con bio trén khu vye Bién Dong. Theo hinh anh so sanh nhur trén hinh 10 ¢6 thé thiy gia
tri quan trac song noi vé tinh di qua gan tam béo nho hon so v6i du bao cua mo hinh. Cac sai
s6 danh gia trén Bang 1 cting cho thiy v&i 248 gid tri dugc danh gia, sai sO gitra mo hinh va
quan trac kha 16n véi sai s6 quan phuong (RMSE), Sai s6 trung binh tuyét d6i (MAE) va sai
s0 trung binh (BIAS) lan luot 13 1,09, 0,85 va 0,73 véi thoi han du béo 24 gio. Tai thoi han du
bao 48 gid cac sai sO nay con 16n hon véi cac gia 1,50, 1,12 va 1,12 1an luot twong ung véi
RMSE, MAE va BIAS. Gi4 tri duong ctua BIAS cling cho thdy m6 hinh c6 thién cao hon so
v6i quan tric. Mic du vy, twong quan tuyén tinh lai kha cao, diéu nay c6 nghia gia tri quan
trac va mo hinh cling c6 xu hudng ting.
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Hinh 10. So sanh giira két qua du bao tir mé hinh SWAN véi quan tréc tir vé tinh CFO va trong con
bio Saudel tai thoi diém 00Z ngay 24/10/2020 vé6i thoi han du béo 24 (a) va 48 gid (b).

Bang 1. Sai s6 gitra két qua du bao tir md hinh SWAN v&i quan tréc tir vé tinh CFO tai thoi diém 00Z
ngay 24/10/2020 véi thoi han dy bao 24 va 48 gio.

H 6 Két qua
24 gidy 48 gio
Twong quan tuyén tinh 0,94 0,93
Cin béc hai cia sai s6 binh phuwong trung binh (RMSE) 1,09 1,50
Sai s6 trung binh tuyét d6i (MAE) 0,85 1,12
Sai s6 trung binh (BIAS) 0,73 1,12
Gia tri trung binh cua mo6 hinh 421 4,60
Gié tri trung binh cta quan tric 3,48 3,48
S gia tri dugc danh gia 248 248

Con v6i trudng hop thir hai trong diéu kién thoi tiét khong co bio va ap thap nhiét d6i tai
thoi diém du bao lic 00Z ngay 10/10/2020 cua m6 hinh SWAN, v¢ tinh CFO cung da di qua
khu vire Bién Dong va mot phan vét anh ma vé tinh quan trac dugc di di qua khu vuc Vinh
Bic Bo. Tai thoi diém nay, giita mo hinh va quan tric di ghi nhan dugc 191 gia tri do cao
song dé so sanh. Cac két qua so sanh va danh gid trén hinh 11 va bang 2 cho thiy mé hinh du
béo kha tot tai thoi diém nay v6i ca han du béo 24 va 48 gio. Cu thé, cac gia tri sai s6 tuong
dbi thap nhu hé s6 RMSE, MAE va BIAS lan luot 13 0,27, 0,25 va —0,25 véi han du bao 24
gid va 0,28, 0,24, —0,24 v&i han du bao 48 gid. Cac sai sd gitra han du bao 24 va 48 gio co sy
chénh Iéch khong dang ké cho thiy du bao xa ctia mé hinh tai thoi diém nay ciing twong d01
chinh xac. H¢ s6 BIAS mang gia tri &m cho thdy mo hinh c6 thién thdp hon véi quan tréc.
Tuong quan cta ca 02 han du bio gan nhu 1 tuyét ddi tai thoi diém nay.

Bang 2. Sai s6 két qua dy bao tir md hinh SWAN v&i quan tric tir vé tinh CFO thoi diém 00Z ngay
10/10/2020 v6i thoi han du bao 24 va 48 gio.

< Két qua
H¢ so
24 gitr 48 gior
Twong quan tuyén tinh 0,99 0,99
Cin béc hai cia sai s6 binh phuong trung binh (RMSE) 0,27 0,28
Sai s6 trung binh tuyét d6i (MAE) 0,25 0,24
Sai s6 trung binh (BIAS) -0,25 -0,24

Gia tri trung binh ciia md hinh 1,39 1,40
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. Két qua
HE so
24 gio 48 gio
Gi4 tri trung binh cta quan tric 1,64 1,64
S gia tri dugc danh gia 191 191

swan_vietnam ta tho diem: 2020-10-10 00:00:00 UTC swan_vietnam tai thoi diem: 2020-10-10 00:00:00 UTC
o quan tra ve tinh cfo quan trac
14 2020-10:10 00:1123 UTC Ao 3030-10-10 00:16:00 UTC tu 2020-10-10 00:10:23 UTC den 2020-10-10 00:16:00 UTC

Hoang Sa Islands.
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Hinh 11. So sanh giita két qua du bao tir mé hinh SWAN v&i quan tric tir vé tinh CFO tai thoi diém
00Z ngay 10/10/2020 v6i thoi han dy bao 24 (a) va 48 gio (b).

4. Két luan

Trong nghién ctru nay sd liéu quan tric do cao séng tir vé tinh duoc cung cip boi chuong
trinh “Dich vu Giam sat Méi trudng Bién Copernicus—CMEMS” duoc khai thac va sir dung
dé danh gia chét lugng du bao tir m6 hinh SWAN hién dang duogc thiét 1ap tai Trung tam Du
bédo KTTV qubc gia trong thang 10 nam 2020. Két qua duoc phén tich chi tiét tai hai thoi
diém trong con bio Saudel luc 00Z ngay 24/10/2020 va tai mot thoi diém khong c6 bio va ap
thap nhiét doi lac 00Z ngay 10/10/2020 véi cac han du bao 13 24 va 48 gid. Mot s6 két qua dat
duoc tom tat nhu sau:

— Pa thu thap, phan tich va xur 1y s6 liéu quan tric song vé tinh dé phuc vu danh gia chat
luong cua moé hinh du bao song.

— Trong cac truong hop thir nghiém, hé s6 twong quan gitra s6 liéu du bao va quan tric tir
vé tinh d6 cao song kha 16n di cho thiy cing xu thé cta két qua du bao va quan tric.

— So sanh gifta cac gia tri du bao tir mo hinh SWAN véi s6 liéu quan trac vé tinh do cao
song tai thoi han du bao 24 va 48 gid trong thang 10 nim 2020 cho két qua tuong ddi tot
ngoai trir cac ngay c6 bao. Cac gia tri du bao tir md hinh thudng thién thap so v&i quan tric,
nhung vao thoi diém c6 bio gia tri du bao c6 thién cao.

Nhiing danh gia ban dau ¢ trén méi chi dua vao cac két qua phan tich tir vé tinh CFO
trong thang 10 ndm 2020 véi cic quan tric chua bao phu duoc toan bd mién tinh va s diém
anh ghi nhan duoc tai timg thoi diém so sanh con han ché. Chinh vi vy, can thiét phai tién
hanh thém nhitng danh gia két qua du bao tir mé hinh SWAN véi s6 liéu quan tric tir nhidu vé
tinh khac trong thoi gian dai moi ¢ thé dua ra két luan day du vé kha ning cia md hinh
SWAN trong du bao séng bién hién nay tai Trung tim Dy bao KTTV qudc gia, ddy ciing 1a
nhitng nhiém vu s& duoc trién khai thuc hién trong cac nghién ctru tiép theo.
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Some initial results on the application of satellite data to validate
wave heights forecasting

Pham Khanh Ngoc!®, Nguyen Ba Thuy!

'National Center for Hydro-Meteorological Forecasting; ngocpkchibo@gmail.com;
thuybanguyen@gmail.com

Abstract: Improving the quality of forecasts in general and marine forecasts in particular
always play an important role in hydro—meteorological warning and forecasting to best
serve the prevention, response and reduction of disaster mitigation. In Vietnam, because of
the limitation of marine meteorological observation data, the waves forecasting is mainly
based on the results of numerical modeling. In additionally, the evaluations of the
forecasting results of the model still have many limitations due to the lack of data both in
terms of space and time; thus, the results of these forcast products are not really reliable
enough. This study will present the use of satellite wave observation data as a reference
source for forecasting as well as validating the wave forecasting in the Bien Dong sea.
Validation of wave forecasting results in October 2020 shows that the forecasting and
observation data have quite large correlation coefficient with the small errors at 24 and 48
hour predicting periods , except for stormy days.

Keywords: Satellite; Wave forecasting; Wave model validation.
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Téom tat: Mang lu6i tram khi tuong thuy van (KTTV) ¢ khu vuec Nam B dugce dau tu, nang
cAp v6i nhiéu thiét bi tw dong, hién dai, g0p._ phan nang cao chat luong cong tac dy bao,
phong chdng thién tai. Tuy nhién, do dugc dau tu tir nhleu du an nén c6 sy khac nhau vé
thiét bi do, phuong thire truyen s6 liéu, chu ky quan tric, chu ky truyén sb liéu, dinh dang
file s6 lidu. Ngoai ra, s liéu gbc con chua duoc gidi md, sao luu tap trung va danh gia chat
luong thuong xuyén. Mat khac, cac ing dung chuyen giao tr cac dy an con thiéu, mot sd
chay trén nén cong cu hd tro ban do ArcGis nén can co phi ban quyén trong khi cac phan
mém chuyén mén hi¢n c6 chua dap ung yéu cau Dé khic phuc cac kho khin, ton tai néu
trén, giai phap xay dung bd cong cu tong hop s6 liéu KTTV & khu vuc Nam B6 da duoc
nghién curu. Phan mém ung dung nay dugc 1ap trinh dua trén két qua danh gia vé hién trang
cong tac quan trac, du bao va thong tin, dir liéu KTTV ¢ Nam B9 nham tang cuong nang
lyc thong tin trong cong tac giam sat, kiém soat va khai thac s liéu quan tric tir cac mang
ludi tram KTTV hién c6 & Nam Bo. Ket qua thir nghiém cho thay bo cong cu da gop phan
nang cao chat lugng cong tac quan trac va khai thac s6 liéu KTTV, dong thoi ciing thé hién
duoc tinh thuc tién va hiéu qua cua giai phap ddi véi cac mang ludi tram KTTV & khu vuc
Nam B9.

T khéa: Khi twong thuy van; Mang ludi tram.

1. Mé dau

Trong boi canh bién d6i khi hau, cong tac quan tric cac yéu t khi tugng thuy vin
(KTTV) ngay cang duoc quan tim nham thu thap s6 liéu nhanh chéng, chinh xac dé phuc vu
cho cong tac dy bao KTTV, phong tranh thién tai va phat trién kinh té, xa hoi. Bén canh viéc
dau tu xay [dung mang lugi tram KTTV theo hudng tu dong, hién dai, cac nude trén thé gisi
da phat trién cac giai phap vé phan mém tng dung de tang cuong nang luc thong tin trong
cong tac quan 1y mang ludi tram KTTV va khai thac s6 liéu, dién hinh nhu: (1) HYMOS [1]
dé luu trir, phan tich s6 liéu KTTV; (2) Map & View [2] dé quan 1y, trich xuat s6 liéu tir cac
tram KTTV tu dong duoc lip dat thiét bj ctia hing CAE; (3) ManuSys [3] dé chia sé s liéu
thuy van hang ngay gitra cac nudc ha luu song Mé Cong [4] phuc cu cong tac du bao thuy
vin; (4) TeleSys [5] dé tong hop s6 liéu tir cac mang ludi tram thiy van tu dong thudce Uy
hoi song M¢é Cong. Cac phan mém nay c6 tinh chuyén mén hoa cao nhung chi dp dung cho
s6 liéu KTTV da duoc xtr 1y hodc cho timg mang ludi tram riéng biét.

Tap chi Khi twong Thuy van 2021, 727, 24-32; doi:10.36335/VNJHM.2021(727).24-32  http://tapchikttv.vn/
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O Viét Nam, mang ludi tram KTTV da va dang dugc nang cép, mo rong, lép dat thiét bi
tir dong, hién dai [6], gop phan ning cao hiéu qua cong tac du bao KTTV [7]. Mang ludi
tram KTTV ty dong Pai KTTV khu vuc Nam B¢ da phat trién nhanh chong vé s luong,
duoc nang cao vé chat luong voi 322 tram do [8-9]. Tuy nhién, do duogc dau tu tir nhiéu du
an khac nhau nén cac mang ludi cac tram KTTV ty dong c6 su khac nhau vé thiét bi do,
phuong thirc truyén s liéu, chu ky quan tric, chu ky truyén sé liéu, dinh dang file s liéu. S6
lidu tir tram dugc truyén vé va luu trir trén may chi nhung chua duge gidi mi, sao luu tip
trung voi co s¢ dir liu théng nhat va danh gia chat luong thuong xuyén. Cac Gmg dung
chuyen giao tur cac dy an con thleu mot sb chay trén nén cong cu ho trg ban dd ArcGis nén
can co phi ban quyen [10]; mot s6 du an chi co phan mém hd tro thiét bi ma khong c6 phan
mem khai thac s6 liéu. Hé thong phan mem phuc vu tich hop dit liéu va hd trg du bao thoi
tiét [11] dang duoc Tong cuc KTTV trién khai nhdm ting cudng cong tac khai thac s lidu;
hé thng nay can c6 sb lidu dau vao da dugc giai mé, danh gia chat lugng, sao luu tip trung.
Trong khi d6, & Nam B9, c6 nhiéu phdn mém chuyén mén dang dugc tng dung, dién hinh
nhu: (1) phin mém tich hop théng tin trg giup nghiép vu du bao khi twong va hai van cho
cac Pai KTTV khu vuc phia Nam [12]; (2) hé thong tich hop thong tin thity van va luu vuc
song, tro gitp nghi€p vu du bao thuy van va quan ly céc luu vuc song cia PBai KTTV khu
vue Nam B6 [13]; (3) ManOnline [14] dé tong hop sb liéu do min hang ngay & Nam Bo; (4)
b cong cu du bao, canh bao s6m musa, 1d, dong khu vuce dong bang song Cuu Long [15]; cac
giai phap vé phan mém nay st dung sd liu quan tric truyén thong va con nhiéu han ché véi
sO lidu quan tric tu dong. Hién trang kho khan, ton tai néu trén da dugc nghién ciru, danh gia
[16]; tir d6, dé xuat dugc giai phap tong thé dé ting cuong ning luc thong tin trong cong tac
giam sat, kiém soat va khai thac sb liéu quan tric tir cac mang ludi tram KTTV tu dong hién
c6, cu thé 1a xay dung phdn mém tng dung co tén 1a bd cong cu tong hop sb lidu KTTV ¢
khu vuc Nam Bo [17].

Két qua nghién ctru va thir nghiém cho thay giai phap c6 tinh thuc té cao va bd cong cu
da phat huy sir dung hiéu qua, gép phan nang cao chat lugng s6 liéu thu thap, phuc vu kip
thoi cho nghiép vu du bao KTTV.

2. Pham vi va phwong phap nghién ciru

Khu vyc nghién ctru 1a 19 tinh thanh & Nam B¢ (Hinh 1) va cling 1a pham vi quan ly cta
Pai KTTV khu vuc Nam Bo.
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Hinh 1. So d6 khu vuc nghién ciru.
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Céch tiép can trong nghién ctru giai phap ting cudng ning lyc thong tin trong cong tic
giam sat, kiém soat va khai thac so liéu KTTV dugc thuc hién theo so d6 Hinh 2.

Thir nghiém,
chuyén giao
bd cong cu

Péanh gia Pé xuat Xay dwng

hién trang giai phap bo cong cu

Hinh 2. Céch tiép can nghién ctru.

Theo d6, nghién ctru dugc thyc hién theo 4 giai doan: (1) danh gia vé hién trang cong
tac quan tric, du béo, thong tin va hoat dong cua mang ludi tram, tap trung xac dinh cac kho
khan, ton tai; (2) dé xuét cac giai phap trén co so khoa hoc va thuc tlen chu y cac giai phép
c6 thé giai quyet duoc bang cong nghé tin hoc; (3) xay dung phan mém tng dung (coténla
bd cong cu tong hop s6 liéu KTTV ¢ khu vuc Nam Bo ) dua trén cac giai phap da dé xuit;
va (4) thu nghiém, chuyen giao bd cong cu cho cac don vi su dung. Bai bao nay trinh bay
phan nghién ctru vé cac giai phap vé cong tic giam sat, kiém soat, khai thac sb liéu va xay
dung bd cong cu.

2.1. Phuong phap giam sat tinh hinh hoat dong cua tram KTTV ty dong

S6 lidu géc tor tram KTTV tu dong duoc truyén gui vé may chu ¢ Pai KTTV khu vuc
Nam B¢ theo chu ky va dugc gidi ma, sao luu tip trung vao co s¢ dit li¢u trén may cha. Tu
do, s lidu nay duoc théng ké dé tinh toan ti 16 phan tram giita s s6 liéu thu nhan va sb sd
liéu can c6 (tinh theo chu ky) trong giai doan can danh gia dé phan loai tinh hinh s6 liéu thu
nhan duoc cua riéng timg tram theo 5 muc (tt, kha, trung binh, kém va hong) véi cac ti 1é
trong tng (>90% dén 100%, >60% dén 90%, >30% dén 60%, >0% dén 30% va 0%). Két
qua phan loai thé hién dugc tinh hinh hinh hoat dong cua tram.

Mbi tram thuong do nhiéu yéu to quan tric khac nhau nén can chon yéu td dai dién, co
d6 6n dinh cao nhat dé xac dinh tinh hinh hoat dong cua tram.

Két qua phén loai tinh hinh hoat dong ciia timg tram duoc tong hop dé danh gia cho tung
mang ludi va hé théng mang 1udi tram KTTV tu dong theo céc giai doan tuan, thang, nam.

2.2. Phwong phdp kiém sodt sé liéu quan trdc tw dong

S6 lidu dugc kiém soat theo 2 phuong thirc 14 ty dong va thii cong.

2.2.1. Kiém soét s liéu theo phuong thire tu dong

Cac diém sb liéu bat hop 1y dugc tu dong xac dinh cin cr theo cac thong sb gia tri 1on
nhét, nho nhét, cuong suit va bién do.

- Xéc dinh theo gia tri 16n nhat va nho nhat

Madi yéu té quan trac KTTV thudng thay d6i trong khoang nhat dinh, tir gia tri nho nhét
dén 16n nhét; cac gia tri nay phu thudc vao dic tinh ctia tram do va thoi doan trong nim.
Phuong thire ty dong xac dinh diém bat hop 1y khi ¢6 gia tri nho hon gi tri nh nhat hodc
16n hon gia tri 16n nhat.

- Xéc dinh theo cudng suét

C6 nhiéu yéu t6 quan traic KTTV ¢ cudng suat (chénh 1éch giira 2 diém s6 liéu lién ké)
thay dobi trong mdt khoang xéc dinh; cuong suat 1én nhat phu thudc vao déc tinh tram do, thoi
doan trong nam va chu ky sd liéu. Phuong thirc tu dong xac dinh diém bat hop 1y khi chénh
1éch gitta 2 diém s ligu lién k& 16n hon chénh léch theo cudng suat 16n nhat da dinh trude.
Phuong thire nay dugce ap dung cho cac yeu t6 quan tric c6 tinh lién tuc nhu muc nudce, nhiét
do, ap suat ; riéng cac yéu t6 quan tric c6 tinh khong lién tuc nhu lugng mua, toc do gio,
thoi gian ning ... thi khong ap dung duoc.

- Xac dinh theo bién do
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Céach xac dinh diém sb liéu bat hop 1y theo bién dd thyc hién khi c6 cuong suét rat nho
va ¢6 kém theo diéu kién vé sb diém lién tiép nam trong bién do dinh trudc. Cac xac dinh
nay hiru hiéu khi c6 nhiéu diém bat hop 1y lién tiép co gia tri khong d6i hodc thay ddi rat nho.
Tuong tu nhu ddi véi cuong suit, cach xac dinh theo bién d6 chi thuc hién cho cac yéu to
quan tric c6 tinh thay déi lién tyc.

2.2.2. Kiém soat sb liéu theo phuong thirc thu cong

Céc diém s liéu bat hop 1y dugc xac dinh thi cong (v6i cac cong cu hd tro chon nhom
diém) theo két qua phan tich chuyén mén truyén thdng trén biéu dd véi cac cach thirc 1a:

- Phan tich tinh lién tuc va xu thé thay ddi cta sb liéu

V& biéu dd s liéu cua riéng timg yéu té cia tram can kiém soat dé phan tich tinh hop 1y
ctia sb lidu, dong thoi xac dinh cac diém bét hop 1y.

- So sanh véi sb liéu kiém tra

V& biéu dd sb liéu caa riéng tung yéu td cta tram can kiém soat va s liéu do kiém tra;
sau do, tinh chénh l1éch gitra s6 lidu can kiém soat va so liéu kiém tra tai cung thoi diém. Néu
chénh 1éch 16n hon gia tri chénh léch cho phép thi chudi sb lidu lan can véi diém co sb licu
kiém tra c6 thé xem 13 bat hop 1y.

S6 lidu kiém tra dwoc xem 1a sb liéu chuan, 1a két qua do theo phwong phap thu cong
dugc quan tric duoc trong cac lan den tram theo dinh ky, dot xut ... Gia tri chénh léch cho
phép phu thudc vao yéu td quan tric.

- So sanh theo thoi gian

V& biéu d0 s6 liéu nhidu ndm cta mot yéu td ciia cing mot tram can kiém soat dé phan
tich sy thay doi cta s liéu qua cac nam khac nhau, tir 46 x4c dinh duoc cac chudi sb lidu bat
hop 1y néu co.

- So sanh theo khong gian

V& biéu dd sb lidu cua cung mot yéu t6 cua tram can kiém soat va cua cac tram lan cin
c¢6 cung diéu kién ty nhién dé phan tich xu thé twong tu giita cac tram khac nhau, tir d6 xac
dinh dugc cac chudi sb lidu bat hop 1y néu co.

2.3. Phwong phdp khai théc s6 liéu quan trdc tw déng

Cac mang luoi tram KTTV tu dong quan tric nhleu yéu t6 khac nhau, nén phuong phap
khai thac so6 li¢u la: téng hop sb liéu quan tric cua tat ca cac mang ludi tram (bao gom két
qua klem soét sb lidu); phan loai theo 5 nhom yeu to quan trac: myc nudc, luong mua, cac
yeu t6 vé khi tuong, cac yéu t6 vé& gi6 va cac yéu td vé hai van; hién thi sd liéu trén bang
thong ké, ban do, trich xuét sd liéu.

3. Két qua va thao luin

Bo cong cu téng hop s6 liéu KTTV & khu vuc Nam Bo duge 1ap trinh trén co s& cac giai
phap ting cudng ning luc thong tin trong cong tac giam sat, kiém soat va khai thac sb lidu;
trong d6, cac chirc nang lién quan dén ban d6 duoc xay dung theo giai phap duya trén hinh
anh ban d6 nén [10] nham dé tranh chi phi ban quyén cta cac cong cu hd trg ban dd chuyén
ding va dé phat trién cac tinh ning nang cao theo yéu ciu trén ban do véi so dd hoat dong
nhu Hinh 3.

GIAM SAT 7 i
y (vé s6 luong s liéu) _ KHAITHAC
\ Giai ma, - Téng hop s liéu theo mang ludi tram - Tong hop s6 liéu theo
Tram F} sao luu ‘ - Theo dai tinh hinh hoat dong cua tram yeu t6 quan trac .
KTTV tap trung ) _ _ . - Hién thi s liéu trén biéu
tw dong trén ‘ . KIEM SOAT bang, biéu dd, ban dd
— may chi (ve ?hﬁt lqung s6 liéu) - Trich xuét sé liéu theo
D —— Xac dinh chat lwong s6 liéu (tw dong va yéu cau

\_thu coéng) dé phuc vu nhanh cho du bao

Hinh 3. So dd hoat dong ctia bo cong cu.
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Céc mang ludi tram KTTV ty dong & Nam B dugc dau tu nang cép tr nhiéu du an. Can
ctr theo loai thiét bi st dung va yéu to quan tric, c6 thé chia thanh 9 mang ludi tram la: khi
trong WB4, khi tugng WB3, thuy vin WB4, thity vin WB5 ndi dong, thiy vin WBS5 co ban,
thuy van Mekong, do mwa Han Quéc, do gi6 Young va hai van.

S liéu gbc tir cac mang ludi tram KTTV tu dong nay dugc truyén vé va sao luu trén
may chu & bai KTTV khu vuc Nam B¢ voi cac kiéu dinh dang (van ban hodc nhi phan),
phuong thire truyén va chu ky khac nhau. Tai day, cac file s6 lidu gbc duoc ty dong giai ma
va cép nhét vao co sé dit liéu theo chu ky truyén gui sb liéu cia riéng timg mang ludi tram.
Ngoai ra, trén may chu con sao luu tap trung cac bdo cdo giam sat s6 liéu dinh ky, cac file
két qua kiém soat s6 liéu, cac thong tin ho tro ciia bd cong cu.

3.1. Gidi phap giam sat tinh hinh hoat dong cua tram KTTV tw dong

Tinh hinh hoat dong cua tram KTTV ty dong dugc giam sat, theo doi dwa theo ti 1€ cua
so liéu thu nhan dugc trén may cha cia mot yéu to quan tric dai dién tiy theo mang lu6i (yéu
td dai dién 1a nhiét do khong khi ddi véi tram khi tuong, 1a myuc nudc ddi véi tram thuy van
va hai van, 1a dién thé nguén néu 13 tram do mua, 1a tdc do gio dbi véi tram do giod).

Cac bao céo tinh hinh hoat dong cta tram, mang ludi tram theo thoi doan (tuﬁn, thang,
nam) dugc tinh toan, phan loai theo ti 1¢ phﬁn tram sd liéu thu nhén cua riéng tung tram va
duoc tong hop theo miu Excel dinh sin nhu Hinh 4.

i . | e | Phan loai tram theo ti ¢ s6 liéu nhan PAI KHI TUONG THUY VAN
So | So 8 lisu [lra . [ Trun, T KHU VUC NAM BQ
séligu [ sblieu | 50110 | Hong | Kem | (T | kha | Té > :
- S— Watram | MED | con | 0 0% [30,1% | 60.1% [ 90.1% BAO CAO TINH HINH THU NHAN SO LIEU
Gl atram | qpoc | thidu (%) | 0% | gén | gén | gén | aén TU HE THONG CAC MANG LUGI TRAM KTTV TU PONG
- 3°<0°% 603’“’“ 90-;’% “’1%% Tuén 16 (19/04/2021 - 25/04/2021)
15430 | 1706 | 90.0 Ngay bdo cdo: 26/04/2021
59%) 0.0% | 0.0% | 17.6% | 76.5% _ el et
1 Tay Nl_nh 18893 364 142 857 X - = Tie Phén loai tram theo ti 1& s0 liéu nhan duoc
2 Thi Dau Mét 48899 1007 1 99.9 X - 86 | orn | ave | s616u| Hong | kem | 79 | kna | Tét
3 Talai 4871 1005 3 997 X el lugng 012450184 g " | bin : 0
4 CaoLanh 48908 1008 0  100.0 X ram | groc | miéu | U | oo 061/" 32»] ® vaj - 92»} -
5 My Tho 48912 1008 0 100.0 X (%) 2 30%2/ 6050’;/ 90%[‘,/ 10:[,’/
6 BénTre 48901 1008 0 100.0 X . = a = S
7 BaTri 48902 1007 1 99.9 X 1. Tram khi twong WB4 17 |15430| 1706 | 90.0 1 0 0 3 13
8 Vinh Long 48911 864 144 85.7 X 2. Tram khi tvong WB5 2 |2013| 3 |99.85 0 0 0 0 2
9 Cang Long 48904 1008 0 100.0 X 3. Tram thiy van WB4 80 [82018] 6704 | 924 | 3 2 3 1 80
10 Chau Boc 48909 1008 0 100.0 X 4. Tram thiy van WB5 (NOi dong) | 43 | 24892 18452| 57.4 | 10 7 4 1 21
11 Rach Gia 48907 1005 3 99.7 X - E
| 12 Phi Quéc 48917 0 1008 0.0 X 5. Tram thdy van WB5 (Co ban) 1 6900 | 4188 | 62.2 4 0 0 1 6
13 Can Tho 48910 1007 1 99.9 X 6. Tram thiy van Mekong 11 | 4032 | 3360 | 54.5 5 0 0 0 6
14_ViThanh 48905 608 400 60.3 X 7_Tram do mua (Han Quéc) 49 | 6451 | 1781 | 783 4 1 4 1 29
ring 48913 1007 1 99.9 X ;
(a) Lieu 48915 | 1008 0 1000 X (b) gxf) (Young) 13 | 1045 | 1139 | 47.8 6 0 0 3 4
14(Tw Chinh) 48893 1008 0 100.0 X van 5 | 21182922 | 420 2 1 0 0 2

Hinh 4. Tinh hinh s liéu thu nhan duogc tir cac mang ludi tram KTTV tu dong.

Hinh 4 thé hién tinh hinh thu nhén s6 liéu trong tuan thtr 16 nam 2021 (tir 19/4 dén 25/4).
Trong do, Hinh 4a thé hién sb liéu thu nhén tir mang ludi tram khi tuong tu dong WB4, g6m
¢6 s6 s6 lidu thu nhan dugc, s6 s6 liéu con thiéu, ti 1& s6 liéu thu dugc va két qua phan loai
cho tung tram; trong 17 tram, c¢6 13 tram xép loai tbt, 3 tram Xép loai kha va 1 tram bi hong.
Hinh 4b thé hién két qua tong hop cho cac mang ludi tram KTTV tu dong. Bao cio cho biét
duogc tinh hinh hoat dong ctia riéng ting tram; tir d6, c6 ké hoach bao dudng phu hop. Ngoai
cac bdo cdo dugc 1ap trén file Excel, tinh hinh hoat dong ctia tirng mang ludi tram con dugc
hién thi trén ban d0, bang thong ké va biéu d6 nhu Hinh 5.

Hinh 5 md ta tinh hinh hoat dong ctia mang ludi tram thily vin WB4 dugc tong hop liic
8 gio ngay 30/4/2021. Theo d6, cac biéu twong hinh tron véi cac mau khac nhau hién thi trén
ban d6 kém vdi tén tram, mo ta tinh hinh sé liéu thu nhan dugc trong 3 thoi doan (hém nay,
h6ém qua, 10 ngay qua) va tram khong c6 s liéu véi cac mau tuong ung la do, cam, xanh va
xam. Ngoai ra, ket qua duogc thé hién trén bang thdng ké gom s0 gio (khoang thoi gian gitra
thoi gian cua s6 liéu mai nhit va thoi diém thong ké), s6 s lidu va ti 18 s6 liéu thu nhan dugc
trong céc thoi doan. S6 lidu cta tram duge chon con duoc thé hién trén biéu dd sb lidu trong
10 ngay qua theo yéu t6 quan tric dai dién ctia tram dugc chon.
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Hinh 5. Tinh hinh s liéu thu nhan duoc tir cac mang ludi tram thuy van WB4.

3.2. Gidi phdp kiém sodt sé liéu quan trdc tw dong

S6 liéu quan tric ty dong thinh thoang c6 diém sb liéu bat hop 1y duoc gay ra boi 15i cua
thiét bi, cong trinh do, duong truyén (dién thoai, tin hiéu 3G, 4G) ... hodc 16i do nguodi cai
dat. Vi vay, s6 liéu nay can dugc kiém soat, danh gia chat luong theo b mé chat lugng voi
6 mirc 1a: chwa kiém soat, chinh xac, b sung, cai chinh, kha nghi va can cai chinh. Dé c6 thé
phuc vu nhanh cho nghiép vu du bao, cong tac kiém soat s liéu chi xac dinh diém kha nghi
va can cai chinh; riéng cac mirc chit luong con lai dugc st dung khi chinh bién tai liéu diéu
tra co ban. Do vdy, giai phap kiém soat sd liéu quan trac tir tram KTTV ty dong dé phuc vu
du bao KTTV la xac dinh cac diém s liéu bat hop 1y roi gan cho mire chét lugng 1 kha nghi
hodc can cai chinh theo hai phuong thirc ty dong va thii cong (Hinh 6). Cong viéc kiém soat
dugc thuc hién thudng xuyén trén may tinh c nhan tiy thudc vao dic tinh on dinh cua sd
lidu cua timg yéu t6, cua ting mang ludi tram. Két qua kiém soét s lidu dugc truyén gii,
sao luu trén may chu; sau d6 duoc trich xuat ra file dé chi dan cac don vi chirc ning tranh st
dung céc s6 liéu dugc danh diu bat hop 1y nay.
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Hinh 6. Giao dién kiém soat sb liéu quan tric tu dong.
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Giao dién cua chuc ning kiém soat sb liéu gdbm 3 phan chinh 1a: (1) Biéu d6: gdm c6 2
phan, phia trén 1a biéu d6 chénh léch giita sé liéu quan tric tuy dong va két qua kiém tra va
phia dudi 13 biéu dd s6 liu dang kiém soat. Biéu d6 phia dudi gdm dudng qua trinh cua tram
dang kiém soat, ctia tram 1an cén (dé so sanh theo khong gian), hodc cta cling tram v6i nim
s6 liéu tily chon (dé so sanh theo thoi gian), s6 liéu kiém tra (hinh tron hdng, vién vang) va
céc diem dugc xac dinh bat hop 1y (mau xanh 14 cho diém kha nghi, mau d6 cho diém cin
cai chinh); (2) Bang s liéu: ¢ nhidu cot, thé hién s liéu dang kiém tra, s6 liéu kiém tra, két
qua kiém soét s6 liéu tuong tmg voi s liéu trén biéu do; (3) Cac hop cong cu: cd nhleu tinh
ning hd tro, dé x4c dinh sb liéu bit hop 1y theo phwong thirc ty dong (chon cac thong sb thich
hop), theo phuong thirc thu cong (chon nhoém diém).

3.3.Gidi phdp khai thdc sé lidu quan tréc tw dong

S4 lidu quan tric tu dong tir cac mang luoi tram KTTV tu dong va két qua kiém soét s6
lidu duoc sao luu tap trung trén may chu. Tir d6, cac may tinh ca nhan co thé tai xubng theo
muirc d6 phan quyén str dung. S6 liéu dugc khai thac theo giai phap 1a: tong hop sb liéu theo
nam nhom yéu td quan tric; hién thi trén cac bang théng ké, trén ban do; va trich xuét sd liéu
ra file theo dinh dang chudn véi cac yéu t, chu ky sd liéu va thdi doan tiy chon. Céc chic
nang tai Xuéng va trich xuét sb liéu ra file c6 thé dugc cai dat thuc hién tu dong theo lich
dinh sén. Hinh 7 minh hoa két qua té)ng hop s6 liéu lugng mua trén ban dd. Theo d6, ban dd
thé hién két qua thdng ké tong luong mua & cac tram KTTV & Nam Bo trong thang 4/2021.
Ban d6 c6 thé duoc phong to, thu nho, di chuyén dé phan tich.

TINH HINH KHi TUGNG THUY VAN G NAM BQ Ny mnm\‘nxmng\amnu\o\um{ %4
Lugng mura (mm) = Luong mua (mm)
01/04 0001 - 30/04 23:59 n | 01040001 30/04 23:59
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Hinh 7. Phan b6 lwong mua thang 4/2021 & Nam Bo.

Tém lai, bg cong cu tong hop s6 liéu & khu vuc Nam B da duoc thyc hién thanh cong
cac giai phap tang cuong vé cong tac giam sat, kiém soat va khai thac sd liéu thu nhan tir cac
mang ludi tram KTTV ty dong hién c6 & Nam BJ.

4. Két luén

Giai phép ting cudng ning luc thong tin trong trong cong tac giam sat, kiém soat va khai
thac sb liéu da duoc thé hién duoc tinh don gian va hiéu qua thong qua viéc nghién ctlru, xay
dung by cong cu téng hop s6 liéu KTTV & khu vuec Nam Bo. Bo cong cu nay da khéc phuc
duoc nhiéu kho khan, ton tai hién c6 cia céc mang ludi tram KTTV tu dong & nudce ta noi
chung va & khu vire Nam Bo noi riéng véi cac giai phap thiét thuc.

Két qua thtr nghiém bd cong cu cho théy: s6 lidu géc thu nhan tir cac mang ludi tram
KTTV tu dong khac nhau hién c6 & Nam Bo da dugc gidi ma va sao luu tap trung trén may
chua ¢ Pai KTTV khu vgc Nam Bg; tinh hinh hoat dong ctia cac tram KTTV tu dong duoc
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theo ddi thudng xuyén (tir s6 liéu thu nhan dugc); sb liéu dugc kiém soat, danh gia nhanh ve
chat luong (theo 2 phuong thirc ty dong va thu cong); sd liéu dugc khai thac, tong hop theo
yéu t6 quan tric va trich xuit ra file hodc ban do theo yéu cau. Bo cong cu nay da chung to
kha ning tmg dung cao trong thuc tién, gop phan ning cao hiéu qua dau tu mang ludi tram
KTTV va sur dung s6 liéu, phuc vu du bao, phong chéng thién tai & khu vuc Nam Bo.

Pong gop ciia tac gia: Xy dung ¥ tuong nghién ciru: G.V.V., N.N.D.; Viét ban thao bai
bao: G.V.V.; Chinh stra bai bao: N.N.D., N.H.H.

Loi cam on: Nghién ctru ndy mot phan két qua ctia dé tai nghién ctru khoa hoc cap Bo Tai

nguyén va Moi truong: “Nghién ctru, xay dung hé thong ting cuong ning lyc thong tin khi

tuong thiy van phuc vu cong tac du bao, phong chéng thién tai & khu vuc Nam Bo”, ma sb

TNMT.2018.05.15.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé

tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;

khong c6 su tranh chép loi ich trong nhom tac gia.
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A solution for monitoring, checking and exploiting data obtained
from automatic hydro—meteorological network in the Southern
region

Giap Van Vinh!", Nguyen Nam Duc?, Nguyen Hong Hai?

! Hydro—Meteorological Detachment; giapvanvinh@yahoo.com
2 Southern Regional Hydro—Meteorological Center; ngnamduc@gmail.com;
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Abstract: The hydro—meteorological (HM) networks in Southern region have been
improved with automatic and modern equipment, contributing to improve the quality of HM
forecasting and disaster prevention. Due to investment from many projects, there are
differences in term of equipment, data transmission method and interval, measuring interval,
data file format, etc. In addition, original data file has not been decoded, backed up centrally
and regularly assessed for quality. On the other hand, the transferred applications from
projects are lacking, some run on the ArcGis map support tool with high license fee while
the existing specialized softwares are still not yet satisfied. To overcome such difficulties,
solution to develope an application to synthesize HM data in the Southern region have been
studied. This application is programmed based on the results of the assessment of the current
status of monitoring, forecasting, information and data HM with the aim of enhancing
capacity in monitoring, checking and exploiting data from the existing HM networks in the
Southern region. The result shows that the application has contributed to improve the quality
of data monitoring and exploitation. The study also proves the practicality and effectiveness
of the proposed solution for the HM networks in the Southern region.

Keywords: Hydro—meteorological; Network.
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Tém tit: Trong nhiing nim gan day, cac hién twong mua véi cuong do 16n xuat hién ngay
cang thuong xuyén tai khu vuc ban ddo Ca Mau (BDCM) giy ngap cuc bo va lam anh
hudng dén doi song ciia ngudi dan trong khu vue. Theo bao céo ciia Bo Tai Nguyén va Mbi
Truong, mua tai khu vue BDCM c¢6 xu hudng gia ting vé cuong do va chu ky lip lai trong
tuong lai nhu hé qua ctia bién d6i khi hau (BPKH). Mua véi cudng do 16n co xu huong tang
s& gop phan lam tinh trang ngap lut cuc b tai cac khu vyc 6 dia hinh thap va hé théng tiéu
thoat nudc kém trim trong hon. Viéc chu dong phong tranh cac anh hudng bat loi tir cac sy
kién mua gay ngap dbi voi doi sdng ngudi dan, phan tich chu ky l3p lai cia mot con mua
gay ngap lut 12 rit can thiét. Chinh vi vay, muc tiéu ctia nghién ctru 1a: a) xac dinh chu ky lip
lai cua mot sy kién mua cuc doan cho khu vuc BBCM b'fmg phém mém CumFreq va b)
huéng dén xay dung ban d6 ngap lut dva trén dit lidu dugc tinh toan tir duong cong cudng
d6-thoi doan—tan suat (IDF) mua gop phan hd trg chi dong phong tranh nguy co gay ngap
lut do mua ciing nhu gop phan thich tmg véi BDKH cho khu viee BPCM.

Tir khéa: Ngap lut; Ving triing; Mua cuc doan; Nudc bién dang; Ban dao Ca Mau.

1. M& dau

Theo bao cio cuia IPCC—Uy Ban Lién Chinh Phu vé BDKH [1], BDKH toan cau sé& din
dén muyc nudc bién tai nhidu qudc gia trén thé gidi c6 xu huong ting. IPCC ciing danh gia
rang, mua tai nhiéu khu vuc trén thé giéi dang c6 xu huéng ting, thoi doan va chu ky 1ap lai
cua cac sy kién mua cyc dai cting dugc nhan dinh dang gia tang dudi tac dong cia BPKH va
diéu nay s& anh huong dang ké dén doi séng kinh té—xa hoi toan cau [2-3]. So véi cac yéu td
khi hau khac, mua dugce danh gia 13 yéu té quan trong c6 anh hudng truc tiép dén nhiéu mat
ctia doi séng nhén loai [2, 4-5]. Duéi anh hudng cia BDKH, chu ky lip lai va cuong d6 cua
cac su kién mua l6n, mua cyc doan hay mua trong bao xay ra ¢ Viét Nam dugc nhan dinh c6
xu hudng gia ting va tiém an cac rui ro cho doi séng nhan dan, gay nhiéu ton that vé co sé ha
tang va tinh mang con ngudi, tac dong xau dén méi trudng [2, 6-7].

Nhan thtc duge tim quan trong tr hau qua do céc su ki¢n mua 16n gay ra ddi véi nhiéu
mit ctia doi sdng nhan loai dudi anh huéng cia BPKH trong nhitng nim gan diy. Nhiéu
nghién cuu vé mua to, mua cuc doan gay ngap lut cuc bo cac khu do6 thi, cac thanh phé 16n
trén thé gii dang nhan dugc sy quan tAm tir cic nha khoa hoc. O Nigeria [8] d4 tién hanh xay
dung duong cong IDF mua cho khu vyc Makurdi. Trong nghién ctru nay, nhom thuc hi¢n
phan tich dit liéu lugng mua khu vyc Makurdi Metropolis, Bang Benue, Nigeria tir 01/1982
dén 12/1991 bang ba ham phan phdi xac suat 1a Gumbel, Weibull va Gringorton. Két qua

Tap chi Khi twong Thuy van 2021, 727, 33-43; doi:10.36335/VNJHM.2021(727).33-43  http://tapchikttv.vn/



Tap chi Khi twong Thiy van 2021, 727, 33-43; doi:10.36335/VNJHM.2021(727).33-43 34

phan tich cho thdy ham phan phéi xac suat Gumbel 1a Iyra chon phu hop dé xay dung bo thong
s6 cho xay dung duong cong IDF mua cho khu vure nghién ciru. O Phap, nam 2016 [9] d4 tién
hanh nghién ciru dién bién theo thoi gian ctia mic d6 dé bi ton thuong do 1ii lut cia hai thanh
phé Besancon va Moissac. Ca hai sy kién 1&i d3 xay ra nam 1910 va 1930 dwoc danh gia la
nhting sy nhitng sy ki¢n nghiém trong nhét duoc ghi nhan & Phap trong thé ky 20. Céc tac gia
béo cdo rang cuong do va muc do nghiém trong cua hai sy kién mua gy ngap lut va nhimng
thiét hai do chiing gay ra 1a vo cling 16n. Cac tac gia da khang dinh viéc phan tich cic dir liéu
mua lich str cho phép thanh 1ap ban dd canh béo céc rui do tiém 4an cho cac khu vuc dé bi anh
huong boi 1 lut. Nam 2014, [10] d4 tién hanh nghién ctru danh gia anh huong cia BDKH ddi
v0i lugng mua cyc doan cho khu vue Dia Trung Hai. Nhom nghién ctru da st dung 114 chudi
s6 liéu lvong mua quy mé ngay giai doan 1951-1999 dai dién cho khi hau giai doan hién tai
va 20002099 dai dién cac kich ban twong lai A1B, A2 va B2. Két qua chi ra rang, cac yéu tb
BDKH trung binh duoc tinh toan tir lwgng mua hang ngay ting véi tat ca cac chu ky lap lai
trong giai doan khi hau hién tai va ca cac kich ban khi hau twong lai. Nghién ctru cling bao
céo rang, nhitng nam cudi thé ky 21 duéi kich ban A1B, A2 va B2, cuong d6 mua thu dugc
duogc voi khoang thoi gian phan hdi tir 10 dén 500 nam s& vuot dudng cong IDF tai khu vire
Barcelona tir 3% dén 14%.

Trong nhitng ndm gan déy, qua trinh cong nghiép hoa hién dai hda ngay cang phat trién
nhanh ¢ mot s6 d6 thi 16n cua Viét Nam, chinh diéu nay ciing gay ap luc 1én co so ha ting (hé
thong thoat nudc, tiéu thoat nudc thuy loi, duong giao thong, ...). Hé qua la nhiéu d6 thi 16n
thuong bi ngap do mua. Dé giai quyét tinh trang trén, nhidu nghién ctru vé x@y dung duong
cong IDF mua, mot phuong phap thuong dugc ap dung trong cac nghién ctru vé quy hoach do
thi va thiét ké cac cong trinh dan dung da duoc thuc hién. Cu thé, [11-12] d4 tién hanh nghién
ctru bién d6i khong gian cia muwa cyc tri va xay dung duong cong IDF mua canh bao ngap lut
cho khu vyc TP. HCM. Trong cong trinh nghién ctru, [11] da sir dung chudi dit liéu mua cuc
tri cua cac tram thudc khu vuc TP. HCM trong giai doan 1980-2014. Nghién ctru tién hanh
xay dung duong cong IDF mua dya trén ham phéan bd xéc suat (GEV). Két qua nghién ciru
chi ra rang, mua 16n 1a nguyén nhan chinh gy ngap lut cho khu vuc TP. HCM. Trong khi,
[12] da xay dung dudng cong IDF mua dya trén ham phan phbi Log—Pearson giai doan hién
tai 1986-2005 va cac kich ban BPKH tuong lai. Két qua nghién ctru cho thdy, cudong do cac
tran mua 16n cing véi cac thoi doan va cac thoi ky khac nhau déu ghi nhan xu hudng ting tir
11-69%. Mot nghién ctru danh gia sy bién dong lwong mua theo thoi gian cho vung Bong
Bic Viét Nam dugc tién hanh boi [13] thong qua xay dung duong cong IDF mua hd trg xay
dung tan suét It thiét ke cho h¢ thong giao thong. Nhom nghién ctru da bao cao rang phuong
phap tinh toan tan suat lii thiét ké dua trén duong cong IDF mura 1a phu hop va trlen vong ap
dung cho nhitng khu vuc khac cua Viét Nam. Gay ddy, naim 2018 [14] da tién hanh mot
nghién ctru xay dung dudng cong IDF mua cho khu vuc séng Vu Gia—Thu Bén trong bdi
canh BDKH, dya trén chudi dir liéu mua ngay. Dé tién hanh nghién ctru nay, nhom tac gia da
su dung dit liéu mua lich st tr mé hinh RegCM4 theo kich ban RCP4.5 va RCP8.5 voi do
phan giai luéi 10km x 10km. Céc két qua nghién ctru chi ra rang, mua cé xu huéng ting dang
ké tir 10-30% dbi v6i kich ban RCP4.5 va RCPS.5. Cu thé, mua 1, 2 va 3 ngay cuc dai di ghi
nhan dugc sy gia tang tor 30-300 mm/ngay theo nghién ctru nay.

Trong nhitng ndm gén day, khu vuc BDCM da ghi nhan xuét hién nhiéu hién tuong thoi
tiét cuc doan nhu mua 16n gdy ngap lut [7, 15]. Cu thé, ngdy 3 thang 9 ndm 2018 mdt con
mua l6n kéo dai 3 hon gio da khién cac tuyén duong n6i d6 TP. Ca Mau nhu Hung Vuong,
Nguyén Trii, Nguyén Tat Thanh, Phan Ngoc Hién, Nguyén Cong Trir, Nguyén Dinh Chiéu
va Ngo Quyén bi ngap v6i d6 sau ngap 1én dén 50cm [7-15]. Mot sy kién muwa ning khac
xuat hién vao ngay 09/09/2019 dugc gidi chuyén mon nhan dinh do anh hudng cua gié mua
T4y Nam hoat dong manh di giy ngap cho nhiéu khu vyc trén dia ban tinh Ca Mau [ | 5]- Con
mua nady c6 thoi gian kéo dai va cuong do 16n kém giong loc da gy ngap cuc bd nhiéu noi
trong khu viec BDCM gy anh huong dén hoat dong san xuat, giao thong va cong trinh thiy
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loi cling bi anh hudng nghiém trong [7-15]. Nam 2010 vira qua, ngay 10 thang 3 trén dia ban
tinh Ca Mau di xut hién mot con mua kéo dai khoang 2 gio v0i luong mua do dugc tai tram
Ca Mau lén @& 75,9mm. Con mua niy di gdy ngap nhiéu tuyén duong tai mot s6 huyén thi
nhu huyén Cai Nude va trung tam TP. Ca Mau [15]. Gan day nhat, ngay 20 thang 10 ndm
2020 mot con mua 16n xudt hién da gay ngép ning nhidu khu v san xuat nong nghiép thudce
BDCM nhu huyén Vinh Loi, Hoa Binh, Phudc Long, TP. Bac Liéu, TP. Soc Trang, huyén Cu
Lao Dung [15].

Tir nhitng su kién mua giy ngdp xuit hién ngay mot thuong xuyén hon tao khu virc
BDCM gy anh hudng dén cac hoat dong ciia ngudi dan, nghién cliru ndy vi viy duoc tién
hanh dé xay dung duong cong IDF mua nham x4c dinh chu ky 1ap lai cia mdt su ki€n mua
cuc doan cho khu vuc BDCM dua trén phﬁm mém CumFreq va muyc tiéu xa hon ma nghién
ctru hudng dén 13 xay dung ban d6 sé canh bao ngép lut cho khu vuc, gop phan hd trg phong
tranh céc rui ro tiém an do cac su kién mua cuc doan giy ra.

2. Phwong phap nghién ciru

2.1. Khu vuc nghién curu

Ban ddo Ca Mau duoc biét dén 1a mot vung dat triing thép nam & cuc nam cta Viét Nam,
duogc gioi han boi vi tuyén tir 8233’36 Bic dén 10°19°12” Bic va kinh tuyén tir 104°42°36”
DPoéng dén 106°14°24” Pong (Hinh 1). BPCM c6 dia hinh thap dan tir Bic xudng Nam va tir
Pong sang Tay voi do cao trung binh dao dong tir 0,5m dén 1,5m [3., 16]. Do vi tri dia 1y ndm
ha luu séng Mekong nén ché do thiy dong luc cia BDCM chiu sy tac dong cua dong chay tir
thuong ngudn song Mekong va ché d6 ban nhat triéu Bién Pong, nhat triéu tir Bién Tay [3,
17-18]. Nam trong khu vuc nhiét déi gié mua, BDCM chiu sy chi phdi ctia hai mua gié Dong
Bic va Ty Nam, mua trung binh hang nim ciia khu vurc cao hon so véi cac khu vue khac cua
Viét Nam va 90% lugng mua nam tap trung vao mua mua [ 19].
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Hinh 1. Ban d6 khu vuc nghién ctru véi cac tram quan trac mua.
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2.2. Phwong phap nghién citu

2.2.1. Tham dinh chét lugng chudi dir lidu

Tham dinh chat luong chudi dit liéu 1a mot bude quan trong trude khi tién hanh sir dung
chudi dir liéu d6 cho mot nghién ciru cu thé [20]. Chat lugng mot chudi dir liéu chiu anh
huong tir diéu kién dia hinh, yéu t6 khi trong, thiy van va méi truong. Bén canh do, viéc thay
d6i thiét bi quan tric, hay thiét bi quan trac bi hong ciing 1a mot trong nhitng nguyén nhan lam
anh huong dén chit luong cta chudi dir liéu [21-23]. Trong nghién ctru ndy, hai phuong phap
tham dinh chét luong chubi dit liéu 1a Pettitt va SNHT-Standard Normal Homogeinity Test
dugc xem xét ap dung danh gia chat luong chudi dir liéu mua hang ngay tai 07 tram thudc
khu vuce nghién ctru.

Pettitt 1a mot phuong phéap thong ké duoc x4y dung cho muc dich tham dinh tinh déng
nhét ctia chudi dir liéu khi twong, thiy van va moi truong [23]. Cu thé, phuong phap Pettitt
gitp xac dinh sy gian doan tai mot vi tri bén trong chudi dit liéu thong qua biéu thirc toan hoc.
Biéu thtrc toan hoc x4c dinh sy gian doan ctia phuong phap Pettitt dwoc cho boi biéu thirc sau:

Xy =max |X;| (v6i1 <y <n) (1)

Trong do: gia tri cuc dai X 1a dir li€u gian doan tai nam y.

Vi Xi trong biéu thirc (1) dugc xac dinh theo biéu thuc (2)

Xk = 2*21 Hi—k(n+1); k=1,2,..,n (2)

Trong do r; 1a dai dién cho bac tang dan cua chudi dit liéu theo thoi gian, r1, 12, 13, ..., In.

SNHT la mot phuwong phap thong ké dugc Alexanderson xay dung cho muc dich so sanh
gi tri trung binh giita v ndm dau tién voi (n—-v) nam cudi cua chudi dir liéu quan | trac. Noi
cach khac, phuong phap nay gitp kiém tra ddng nhat & phan dau va cudi cia chudi dir liéu
quan tric duogc xét [23].

Biéu thuc kiém tra tinh déng nhat SNHT duoc xé4c dinh nhu sau:

T,=vzi+ (n—v)z2,v=1,2,...,n 3)
1 _
= S Na(a = /s (4)
_ 1 _
Z2 = EZ?:V+1(QL’ —q)/s (5)
Trong d6 q 1a chudi dit liéu (v6i 1, 2, ..., n dit lidu); q; gia tri cia mdi phan tir trong

chudi dit liéu; g 1a gia tri trung binh ctia chudi dir lidu, Ty 14 chi sb thong ké theo nim v.

Trong trudong hop s6 liéu v nam duoc xac dinh khong déng nhét khi dat gia tri cuc dai Ty
[23]:

T, = max {T,} (6)
1<v<n

Trong truong hop nghién ciru nay, chudi dit liéu mua hang ngay duoc tham dinh chét
luong dira vao phuong phap Pettitt va SNHT, v6i mirc ¥ nghia a < 0,05. Diéu d6 c6 nghia la
chudi dit liéu mua tai mot tram bat ky thudc khu vue nghién ctiru duoc xem 1a ddng nhat néu
gia tri tham dinh chat luong (gia tri p) thu dugc 16n hon gia tri ciia a = 0,05 ngugc lai chudi
dir liéu mua quan tric s& bi nghi ngd vé tinh dong nhit hay dugc xem 1a gian doan [23].

2.2.2. Chuyén d6i thoi doan mua

Dé tién hanh xay dung duong cong IDF mura, hau hét cac nghién ctru déu sir dung dit lidu
mua dau vao co thoi doan ngin quy mé dudi ngay [24]. Di véi cac nghién ciru ¢6 lién quan
dén chuyén dbi thoi doan mua [12, 25], biéu thuc (7) thuong duge lua chon dé chuyén doi
thoi doan mua ngay sang quy moé mua dudi ngay. Do do, biéu thire (7) duoc st dung trong
nghién ctu nay dé chuyen d6i dir liéu mua quy méd ngay sang cac thoi doan quy mé dudi
ngay. Vi hau hét cac chudi dir liéu mua thu thap dugc déu co quy mé ngay.
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g = IDi/g (7N

Trong do6 Iy (mm) 1a [wgng mura ung v6i thoi doan mua cin chuyén 601 Ip (mm) la lugng
mua thoi doan 24 gid, n 1a ham mi bang 1/3, d (gio) 1a thoi doan mua can chuyén doi, D 1a
thoi doan mua 24 gio, d/D 1a ty $6 gitra 2 thoi doan mua khac nhau, diu “=" dai dién cho sy
bang nhau vé phan bd xéac suit cua 2 vé& [12, 25].

2.2.3. Xay dung duong cong IDF mua

Puong cong IDF mua duoc xy dung trong nghién ciu nay dya trén phan mém
CumFreq [26]. Phan mém CumFreq dugc phét trién bai Vién Cai Thién va Cai Tao Dat Qudc
T¢é, 1a mot chuwong trinh hoan toan mién phi dung tinh toan tan suat tich Iy ciing nhu chu ky
1ap lai ctia yéu t6 khi turong, thiy vin va moi truong [27]. Trong nghién ctru nay, phin mém
CumFreq dugc 4p dung tinh toan tan sudt tich Iy, chu ky ldp lai va thoi doan cia chubi dit
liéu mua tai cac tram quan tric mua khu vuc BDCM.

Trong phan mém CumFreq, ba ham phan bd Gumbel, GEV va Log—Pearson III thuong
duogc sir dung dé xac dinh dudng cong IDF mua [23, 26]. Trong nghién ctru nay, ham GEV
dugc lya chon xay dung duong cong IDF mua cho khu vee BDCM thong qua cac danh gia so
bd vé kha ning ap dung ctia nd so v6i ham phan bd khac va dua vao cac két qua nghién ciru tir

cac cong trinh déchng bé [7, 11-12, 24] cho cac khu vuc thudc Viét Nam.
Ham phan bo tan suat tich lily GEV dugc xay dung nhu sau:
F) = exp [~(1+k (Z4)7H) (8)

Trong d6 F(x) biéu thi ham phan phdi GEV, o 1a tham s6 ty 1é v6i 6 > 0 xac dinh do 1éch
hai phia so v6i tham s6 vi tri, k 1a tham s6 hinh dang chi phéi hinh déng cua phan phéi xac
sudt, p 1a tham s vi tri, phu thudc vao thoi gian va duoc xac dinh thong qua mbi lién hé trong
biéu thte (9) [7, 28].

u® = m@®+ po ©)

Trong d6 t 14 thoi gian, p; va po 1a tham sé chin va doc [7, 28].

Ham phan phdi GEV dugc danh gia 1a mot ham phan phéi linh hoat, n6 chira bén trong
cac tham s6 vi tri (), quy mé (o) va hinh dang (k). Chinh vi vay, ham phan phéi nay dugc lwa
chon &p dung rong rai trong cac nghién ctru co6 li€n quan boi [7, 29].

Quy trinh cac budc tién hanh xay dung dudng cong IDF mua cho khu viee BDCM duogc
minh hoa & Hinh 2.

Cu thé cac budc tién hanh nghién ctu nay duoc thyc hién nhu sau:

Phén tich so b chudi dit liéu mua quan tric dau vao;

banh gia chat lugng dit liéu mua lich su thong qua phuong phap Pettitt va SNHT;

Chuyén doi dit liéu mwa quy mé ngay vé quy mé dudi ngay boi dung biéu thuc (7);

Phén tich, danh gia kha ning sir dung cdc ham phan bé GEV, Gumbel va Log—Pearson
thiét 1ap ham phan phdi tan suét tich lity (CDF) mua;

X4y dung duong cong IDF mua dira trén ham phan phéi tan suét tich lity CDF.

Trong nghién ctru nay, cac duong cong IDF mua dugc xay dung tuong ing vdi cac
khoang thoi gian 0,25, 0,5, 1, 1,5, 2, 3, 6, 8 va 12 gio.

2.2.4. Dit liéu dau vao phuc vu nghién ctru

Chudi s6 liéu mua hang ngay tai cdc tram quan tric Ganh Hao, Nam Cén, Song Péc,
Thoi Binh, Rach Gi4 va Bac Liéu duoc thu thap tir Tong Cuc Khi twgng Thuy vin va Phan
Vién Khoa hoc Khi tugng Thuy van va Bién ddi khi hau (SIHYMECC) trong giai doan
1984-2017. Qua phan tich so bd cho thiy, lugng mua trung binh nim tai cac tram thudc khu
vuc BDCM dat tir 1885,4mm dén 2356,0mm va luong mua mot ngay lon nhét dao dong
trong khoang tir 0 dén 224,6 mm (Bang 1).
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Hinh 2. Quy trinh tién hanh x4y dung dudng IDF mura cho khu vize BDCM.

Bang 1. Céc thong tin va déc trung théng ké ctia 07 tram do mua khu vure nghién ciru.

Toa do Mua naim Mua ngay Mua ngay Giai doan Khodng
Tram trung binh  trung binh 16m nhét . thoi gian
Vido Kinh df Tu bén
(mm) (mm) (mm) (nam)

Bac Liéu 105,71 9,28 1949,7 39,1 203,7 1984 2017 34
Ganh Hao 105,42 9,03 1885,4 41,1 224.,6 1984 2017 34
Nam Can 105,07 8,75 2339,3 48,2 246,4 1987 2017 31
Théi Binh 105,09 9,35 2337,0 46,7 184,0 1984 2017 34
Song Péc 104,83 9,04 2261,6 47,5 239,6 1984 2017 34
Rach Gia 105,07 10,00 2168,1 44,4 220,3 1984 2017 34

3. Két qua va thao luin

3.1. Bdnh gid chdt lwong chudi dit liéu muwa

Két qua tham dinh chat lwong chudi dir liéu mua tai 06 tram quan tric thudc khu vuc
nghién ciru duge trinh bay ¢ Bang 2. Qua két qua tham dinh dya trén phuong phép Pettitt va
SNHT cho thay, gia tri p thu dugc d6i voi cac tram Ganh Hao, Théi Binh, Nam Cin, Bac
Liéu va Rach Gia dao dong trong khoang 0,418-0,943 (Bang 2). Trong khi, tai tram Song
Déc gia trj p tinh dugc 1a 0,004 (ddi véi phuong phap Pettitt) va 0,049 (601 v6i phuong phap
SNHT). Véi muc y nghia a < 0,05, chudi dit liéu mua tram Song Ddc khong dong nhit
(Hinh 3), trong khi cac tram con lai c6 tinh dong nhat boi gia tri p 1én hon muc y nghia. Do
d6, chudi dir liéu mua tram Song Ddc khong duoc xem xét cho xdy dung duong cong IDF
mua tai tram nay.
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Bang 2. Két qua thAm dinh chét lugng chudi dir liéu mua tai cac tram quan tric mua khu vuc BBCM.

STT Tram Giatrip Két qua thAm dinh
Pettitt  SNHT Dat Khong dat

1 Ganh Hao 0,699 0,630 X

2 Nam Can 0,418 0,447 X

3 Théi Binh 0,943 0,732 X

4 Bac Liéu 0,745 0,855 X

5 Rach Gia 0,734 0,556 X

6  Song Pbc 0,004 0,049 X
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Hinh 3. Tham dinh chét lwong chudi dit liéu mua tai cac tram thude khu viee BDCM.

3.2. Xay dung dwong cong IDF mua

BPuong cong IDF mua xay dung cho 05 tram do mua thudc khu vuc BPCM dugc trinh
bay & Hinh 4. Két qua tinh toan cho thay, véi thoi doan ngin 0,25 gio, cudong do mua co thé
dao dong trong khoang tir 33,9 mm/gio dén 42,8mm/gid ddi véi chu ky 1ap lai 2 nam trong
khi véi chu ky 1ap lai 100 ndm, cudong d§ mua tai cac tram thudc khu vuc nghién ctru dao
dong trong khoang tir 114,8 mm/gid dén 215,2mm/gid (Bang 3). Tuong ty voi cac thoi doan
mua tir 0,5 dén 8 gid, cuong do mua tai cac tram dao dong trong khoang tir 21,4 mm/gio dén
135,7 mm/gio va 3,4mm/gio dén 21,4 mm/gid. Nhin chung, trén toan khu vuc nghién cuu,
cudng d6 mua 16n nhét xay ra ¢ chu ky ldp lai 100 nam ttc 1a tan sudt lap lai 1% tai tat ca thoi
doan mua khac nhau, dao dong tir 8,7 mm/gi¢ (thoi doan 12h, ddi voi tram Théi Binh) dén
215,2 mm/gio (thoi doan 15 phut, dbi v6i tram Nam Can); v6i tram Bac Liéu, Rach Gia va
Ganh Hao cuong do mua 15 phut lan luot ghi nhan duogc 178,2 mm/gio, 192,4 mm/gio va
196,3 mm/gi¢ (Bang 3).
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Hinh 4. Cac duong cong thoi doan—cuong do—tan sudt mua xay dung cho cac tram thudc khu viec BDPCM
v6i chu ky 1ap lai tir 2 dén 100 nam va thoi doan tir 0,25 gio dén 12 gio.

Bang 3. Két qua phan tich cuong d6 mua theo cac thoi doan va chu ky lap tai cac tram.

Tram

Céc thoi doan mura (gio)

025 05 1 1,5 2 3 6 8 12
Chu ky lap: 2 nam
Bac Liéu 339 214 135 103 85 65 41 34 26
Rach Gia 38,8 244 154 11,7 9,7 74 47 39 29
Ganh Hao 362 228 144 11,0 91 69 44 36 27
Nam Can 42,8 27,0 17,0 13,0 10,7 82 52 43 32
Théi Binh 40,5 255 16,1 123 10,1 7,7 49 40 3,
Chu ky lap: 5 nam
Bac Liéu 546 344 21,7 16,5 13,7 104 6,6 54 4,1
Rach Gia 59,0 37,1 234 179 147 112 7,1 59 45
Ganh Hao 57,5 362 228 174 144 11,0 69 57 44
Nam Cén 68,1 429 270 20,6 17,1 13,0 82 68 52
Théi Binh 658 41,5 26,1 199 165 126 79 65 50
Chu ky lap: 20 nam
Bac Liéu 101,8 65,6 41,3 31,5 26,0 199 12,5 103 79
Rach Gia 1050 66,1 41,6 31,8 262 20,0 12,6 104 7,9
Ganh Hao 106,6 67,1 423 323 26,6 203 12,8 10,6 8,1
Nam Cian 118,6 74,7 47,1 359 29,7 22,6 143 11,8 9,0
Théi Binh 91,1 574 362 27,6 228 174 11,0 90 69
Chu ky lap: 50 nam
Bac Liéu 153,1 96,3 60,8 46,4 382 292 184 152 11,6
Rach Gia 149,8 943 59,5 454 37,5 28,6 18,0 149 114
Ganh Hao 1514 953 60,0 458 37,8 289 182 150 11,5
Nam Can 163,9 103,1 65,0 49,6 41,0 31,2 19,7 16,3 124
Théi Binh 1063 67,0 422 322 266 203 128 10,6 8,1
Chu ky lap: 100 nam
Bac Liéu 1782 112,0 70,6 54,0 44,5 339 214 17,6 13,5
Rach Gia 1924 121,2 76,5 58,3 482 36,7 232 19,1 14,6
Ganh Hao 196,3 123,5 77,8 59,4 49,0 374 23,6 19,5 149
Nam Cén 2152 1357 85,5 652 539 41,1 259 214 163
Théi Binh 1148 723 456 348 287 219 138 114 87

40
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4. Két luan

Nghién ctru da tién hanh x4y dung duong cong cudng do-thdi doan—tan suat mua theo
cac thoi doan tir 0,25 dén 12 gio tng véi cac chu ky 1ap lai tir 2 dén 100 nim cho khu vire ban
dao Ca Mau. Cac két qua tinh toan thu dugc cho thdy con mua c¢6 lwong mua tir 60,0mm tré
1€n x4y ra trong thoi doan dudi 3 gid s€ gay ngap cuc by mot s6 khu vuc tir 0,7—1,0 m. Trong
khi do, voi su cac sy kién mua cuc doan c6 cuong do 1én dén 2152 mm/ gi0 g voi chu ky
lap lai 100 nam, d¢ sdu va pham vi ngdp chic chin s& nghiém trong hon d6i v6i cong trinh
dan dung nhu dudng giao thong, cong trinh thuy loi, cac khu dén cu ndm trong ving tring.

Céc két qua xay dung duong cong cuong do—thoi doan—tan suét twong ung voi cac thoi
doan va chu ky 1ap lai rat can thiét dé hd tro thong tin trong cong tac xay dung, ndng cip hé
thdng thoat nudc, quy hoach thuy loi gdp phan han ché cac riii ro tir cac sy kién mua cuc doan
c6 xu hudng xuét hién ngay mot gia ting d6i véi khu vire ban dao Ca Mau.

DPong gop cia tac gia: Xay dung y tuong nghién ciru: H.C.T., D.T.A.; Lya chon phuong
phap nghién ctru: H.C.T., D.T.A.; Viét ban thao bai bao: H.C.T., D.T.A.; Chinh stra bai bao:
H.C.T.,D.T.A.

Loi cam on: Cac tic gia xin chan thanh cam on cic phan bién di dong gop v kién hitu ich,
giup céac tac gid hoan thién ban thao nay.
Loi cam doan: Tép thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong duoc sao chép tir nhitng nghién ctru trude day; khong cod
su tranh chap loi ich trong nhom tac gia.
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Simulating rainfall intensity—duration—frequency curve towards
establishing innundation maps in Camau peninsula

Ho Cong Toan!, Truong An Dang!”

! University of Science, Vietnam National University—Ho Chi Minh City;
hocongtoanhdh@gmail.com; dtan@hcmus.edu.vn

Abstract: In recent years, heavy rainfall events have appeared frequently in the Ca Mau
peninsula area, causing local flooding and affecting many aspects of life in the area.
According to a report of the Ministry of Natural Resources and Environment, rainfall is an
increase tend in intensity and frequency in the Ca Mau Peninsula as a part of climate
variability. Heavy rainfall tends increase, which will cause the local flooding events in
which has low terrain and less severe drainage systems. It is, thus, necessary to proactively
prevent adverse effects from flooding events on people’s lives. Therefore, the goal of the
study is a) to simulate rainfall intensity—duration—frequency (IDF) curve of the extreme
rainfall events using the CumFreq software for the Ca Mau Peninsula and b) toward to
establish inundation maps based on the simulated data from rainfall IDF curve, contributing
to proactively minimize the potential risks of flooding as well as proactively adapt the
impacts of climate variability.

Keywords: Flooding; Low—lying area; Unusual rainfall; Sea level rise; Ca Mau peninsula.
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Tém tit: Bai bao trinh bay xu thé bién dbi cac yéu t6 khi hau (nhiét dg, luong mua) tai tinh
Ninh Thuan. Phuong phap théng ké va ham hoi quy tuyén tinh dugc sir dung dé phan tich
chu01 s6 liéu quan tric tai tram Phan Rang giai doan 1993-2019. Két qua cho thiy cac yéu
t6 khi hau déu c6 xu thé ting: nhiét do trung binh nhiéu nim c6 xu thé ting 0,012°C/nam,
nhiét do tdi cao tang 0,017°C/nam, nhiét do tbi thép tang 0,01°C/nam, lvgng mua tang 4,44
mm/nam. Theo kich ban RCP4.5 va RCP8.5, nhiét d§ trung binh tai Ninh Thuan c6 xu thé
tang qua cac nam 2025, 2030, 2050 va 2100. Vé luong mua trung binh theo kich ban
RCP4.5 c6 xu thé tang. Ddi véi kich ban RCPS.5 lwong mua ting vao nam 2025, 2030 va
giam va nam 2050, 2100.

Tir khéa: Khi hau; Xu thé; Kich ban bién d6i khi hau RCP4.5, RCP8.5.

1. Mé dau

Ninh Thuén 1a tinh thugc khu viee Nam Trung B9, do dac thu vé dia 1y va dia hinh, Ninh Thuén
thuong xuyén chiu anh huéng cua thién tai va bién doi khi hau (BPKH). Trong nhiing thap ky gan
day, Ninh Thuan chiu tac dong 16n cta cac hién twong thoi tiét cuc doan nhur han han, hoang mac
hoa, kh6 nong, bao, mua 6n géy 10, ngép lut. De c6 nhimg nhan dinh phu hop v6i tinh hinh BDKH
hién nay, viéc danh gia xu thé bién doi cac yeu t6 khi hau dén thoi diém hién tai giup c6 cai nhin
khéch quan vé nhiing dién bién khi hdu dang dién ra trong qua khir. Tuy nhién, cac két qua danh gia
Xu thé va kich ban BDKH chi tiét cho tinh Ninh Thuan con han ché, cac nghién ctru duoc thue hién
chu yeu 0 quy md qubc gia va khu vuc dua trén céc kich ban phat thai khi nha kinh hoac duong
phén bb néng d6 khi nha kinh dai dién, tinh Ninh Thuan chi la mot phéan rit nho [1-5].

Nhu vay, c6 thé thay viéc nghién ctru xu thé cic yéu o khi tuong va kich ban BDKH trong qua
khtr va du tinh BDKH trong thé ky 21 cho tinh Ninh Thuén c¢6 ¥ nghia khoa hoc, thuc tién, day 1a
mdt phan két qua nghién ctru ciia 02 nhiém vu: “Xay dung, cap nhat ké hoach hanh dong tmg pho
v6i BDKH giai doan 2021-2030, tAm nhin dén 2050 va Danh gia khi hau cta tinh Ninh Thuan”
Bai bao trinh bay két qua danh gia xu thé cac yéu t6 khi hau va kich ban BDKH tai Ninh Thuan
nham cung cép cac thong tin khi hau hién tai, du bao, canh bao kip thoi va hiéu qua nhing dién bién
khi hau trong twong lai 13 bién phép gidm thiéu nhiing tic dong do bién doi khi hau gy ra dong thoi
phuc vu quy hoach san xuat, phat trién kinh t&—x hoi va phong chong thién tai trén dia ban tinh.

2. Phuwong phap nghién ciru
2.1. Khu vue nghién cuu
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Ninh Thuan la mét tinh ven bién thudc khu vuc Nam Trung B9, dia hinh cia Ninh Thuan
rat da dang va phirc tap, thap dan tir Tay sang Pong, tir Bic vao Nam, vira c6 dia hinh mién
nui vira c6 dia hinh trung du va dong bang ven bién. Phia Bic giap tinh Khanh Hoa, phia Nam
giap tinh Binh Thuan, phia Ty giap tinh Lam Ddng, phia Pong giap Bién Pong (Hinh 1).

Ninh Thuan c6 duong bo bién dai 105 km, dién tich vung 1anh hai trén 18.000 km?.
Trung tdm tinh 1 thanh phd Phang Rang—Thap Cham. Ninh Thuan hién c6 7 don vi hanh
chinh bao gém huyén Bic Al, huyén Ninh Son, huyén Ninh Phudc, huyén Thuan Nam,
huyén Thuan Béc, Huyén Ninh Hai va Thanh phé Phang Rang—Thap Cham. Ninh Thuan c6
ca dudng sit Bic Nam va qudc 16 1A di qua. Dong thoi c6 Qudc 16 27 ndi lién véi cac tinh
Tay Nguyén.

Khi hau tinh Ninh Thuén 1a khi hau nhiét d61 gi6 mua véi 2 mua rd rét 1a mua kho va mua
mua, trong tng v6i hai thoi ky gié mua Tay Nam va gié mua Pong Bac. Mua kho bat dau tir
thang 1 va két thiic vao thang 8, miia mua bét dau tir thang 9 va két thiic vao thang 12. Thuy
van Ninh Thuan cling ¢6 2 mua la mua ki¢t va mua 11, tuong ting voi mua kho va mua mua
cua khi hau [6-9].

BAN PO HANH CHINH TiNH NINH THUAN
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Hinh 1. Ban dd hanh chinh tinh Ninh Thuan.

2.2. Phwong phap nghién ciru

2.2.1. Phuong phap danh gia xu thé
Tinh toan gia trj trung binh ciia chudi s6 lidu
h=a XX 1)
Phuong phap hoi quy xu thé duge d€ cép la phan tich ham hoi quy gita bién phu thude x va
bién thoi gian t, x = f(t). Néu (t) la mot ham tuyén tinh thi duoc goi 1a c6 xu thé bién doi tuyén tinh.

Pé nghién ciru xu thé bién doi tuyén tinh ta thanh Iap phuong trinh hdi quy [10-11].
x(t)=at+b 2
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Trong d6 x 13 gia trj ctia ham, t: bién thoi gian, a, b: hé s hdi quy, hé sé a cho biét hudng déc
cua dudng héi quy (xu thé bién dbi ting hay giam theo thoi gian).

Xu the tang giam ciia x theo t duoc danh gia trén co s xét diu va do 16n ctia hé sb goc a. Dau
cta hé sb a xac dinh xu thé ting (khi a > 0) hogc giam (khi a <0), con tri tuyét dbi cua a cho biét
mure d§ tang giam cua dir liéu theo bién ddi ciia thoi gian t.

Céc h¢ s6 a, b dugc xac dinh theo cong thuc:

O L () I :
T b=t x=r Y =1 YL 0)
V2 (xx) (1)

Trong do X, tla trung binh sb hoc ctia x vart.

2.2.2. Phuong phap xdy dung kich ban

Mo hinh khi hau toan cu va khu vuc 13 nhitg cong cu chinh duoc sir dung dé danh gia xu thé
bién ddi va dién bién khi hau tuong lai. Kich ban bién d6i khi hau ¢ khu vuc tinh Ninh Thuan dugc
xay dyng duya trén bon mo hinh khi hau khu viue (PRECIS, CCAM, RegCM, cIWRF) véi tong cong
12 phuong an tinh toén dugc thyc hién, st dung két qua d4u vao tir cac mo hinh toan cau khéc.

Dua trén cac két qua danh gid ciia 4 mé hinh khi hau, kich ban bién doi khi hau tinh Ninh
Thun ddi véi nhiét d6 duoc xdy dung theo két qua tinh toan tir 8 phuong 4n ciia 3 mé hinh (3
phuong an CCAM, 3 phuong an PRECIS va 1 phuong an cIWRF), kich ban bién doi voi luong
mua dugc xay dung dua trén két qua tinh toan tir 3 phuong an ctia mé hinh PRECIS [12-17].

2.2.3 Thu thap dir liéu dau vao

Viéc danh gia su bién ddi cia cac yéu t6 khi hau duoc sur dung s liéu tai tram Phan Rang (tinh
Ninh Thuan) trong giai doan tir nam 1993-2019.
3. Két qua va thao luin

3.1. Xu thé bién doi ciia cdc yéu té khi hu

3.1.1. Nhi¢t do

Ttr chudi s liéu quan tric nhiét do tai tram Phan Rang giai doan 1993-2019, nhiét do
trung binh héng nam vao 1a 27,2°C. Nhiét do dao dong tir 24,9-28,9°C, trong d6 thang I co
nhiét do trung binh thap nhat voi gia tri 1a 24,9°C. Thang V va VI ¢6 nhiét d6 trung binh cao
nhét voi gia tri 1a 28,9°C (Hinh 2). Vé xu thé nhiét do trung binh giai doan 1993-2019 tai
tram Phan Rang c6 xu thé ting khoang 0,012°C/nam (Hinh 3).

30

28 N

Nhiét dé (°C)

25 1 ¢

I I I v v VI VI vill IX X XI TXII

han
=== GD 1993-2005  =@=GD 2005-2019 GDb 1993-2019 8

Hinh 2. Bién thién nhiét d6 trung binh theo thang giai doan 19932019 tai tram Phan Rang.
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Hinh 3. Xu thé bién ddi nhiét d6 trung binh nim giai doan 1993-2019 tai tram Phan Rang.

Trong giai doan 1993-2019, nhiét do tdi cao trung binh tai tram Phan Rang 1a 31,8°C.
Trong d6, thang XII c6 nhiét do t6i cao trung binh thip nhét véi gia trj 1a 28,8°C. Thang VI co
nhiét do ti cao trung binh cao nhat voi gia tri 1a 34,2°C (Hinh 4). V& xu thé nhiét do tdi cao
trung binh tai tram Phan Rang giai doan 1993-2019 c¢6 xu thé ting khoang 0,017°C/nim
(Hinh 5).
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Hinh 4. Bién thién nhiét d6 ti cao trung binh theo thang giai doan 1993-2019 tai tram Phan Rang.
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Hinh 5. Xu thé bién d6i nhiét do tbi cao trung binh nam giai doan 1993-2019 tai tram Phan Rang.

Nhiét do tdi thép trung biqh tai tram Phaq Rang> giai doan 1993-2019 1a 23,8°C. Trong
do, thang I, IT c6 nhiét d6 toi thap trung binh thap nhat véi gia tri 1a 21,6°C. Thang VI c6 nhiét
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do t6i thap trung binh cao nhat véi gid tri 1a 25,3°C (Hinh 6). V& xu thé bién doi nhiét d t0i
thap trung binh giai doan 1993-2019 c6 xu thé tang khoang 0,01°C/nam (Hinh 7).
26
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Hinh 6. Bién thién nhiét do tdi thap trung binh theo thang giai doan 1993-2019 tai tram Phan Rang.
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Hinh 7. Xu thé bién d6i nhiét d6 ti thap trung binh nim giai doan 19932019 tai tram Phan Rang.

3.1.2. Luong mua

Tir chudi sb liéu quan tric lwong mua giai doan 1993-2019, lwong mua trung binh
nhiéu nam tai tram Phan Rang 14 923,8 mm. Luong mua dat cao nhét vao thang X véi gié tri
13 189,0 mm va thap nhat vao thang II voi gia tri 13 3,2 mm (Hinh 8). Vé xu thé bién dbi luong
mua nam tai tram Phan Rang giai doan 1993-2019 c6 xu thé tang khoang 4,44 mm/nam
(Hinh 9).
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Hinh 8. Bién thién luong mua theo thang cic giai doan 1993 — 2019 tai tram Phan Rang.
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Hinh 9. Xu thé bién ddi téng lrong mua nam giai doan 1993-2019 tai tram Phan Rang.
3.2. Kich ban Bién déi ciia cdc yéu to khi hiu

3.2.1. Kich ban nhiét do

Theo kich ban RCP4.5, nhiét d6 trung binh nim 2025 ting khoang ddng nhat, khoang
0,6°C gitta cac huyén va thanh phé trén dia ban tinh Ninh Thuan. Nam 2030, nhiét d6 ting tir
0,6-0,7°C, noi c6 nhiét o cao nhét & huyén Biéc Ai. Vao nam 2050, nhiét d¢ trung binh tang
déu trong pham vi toan tinh khoang 1,4°C. Bén nam 2100, sy phan b nhiét do tang khoang
1,8-1,9°C, nhi¢t do tdng cao ¢ khu vuc huyén Bic Ai va Ninh Son. Theo kich ban RCPS8.5,
nam 2025 va 2050 nhiét d6 trung binh trén dia ban tinh Ninh Thuéan ting khoang dong déu
khoang 0,7°C. Nam 2050, nhi¢t dJ tang trung binh toan tinh tang 1,9°C va dén nam 2100
nhiét d6 tang tir 3,3-3,5°C, nhiét do ting cao & khu vuc huyén Bac Ai va Ninh Son (Hinh 10).

3.2.2. Kich ban lugng mua

Theo kich ban RCP4.5, nim 2025 lugng mua trung binh ting tir 0,2-3,1% ting cao nhat
& khu vyc huyén Ninh Hai va thip nhat & huyén Ninh Phuée. Nam 2030, lugng mua tang tir
0,2-3,3% ting cao & khu vuc huyén Thuan Bic. Vao nim 2050, lugng mua phan bd khong
déu giita cac khu vuc, huyén Ninh Son, Ninh Phudc va thanh phé Phan Rang—Thap Cham
luong mua giam khoang 0,2%, cac huyén con lai lugng mua c6 xu hudng tang tir 0,7-5,2%.
Luong mua trung binh ca nam 2100 bién dong khong déu tir giam 2,8% dén tang 2%. Huyén
Ninh Phuéc 12 noi c6 mirc bién doi lwong mua giam nhiéu nhét v6i khoang 2.8%. Huyén
Ninh Hai l& noi c6 mirc bién ddi lwgng mura ting cao nhét véi khoang 2,0% (Hinh 11a).

Theo kich ban RCP8.5, nam 2025 lugng mua trung binh tai Ninh Thuan c6 ting tir
3,8-9,1% va tang cao ¢ khu vyc huyén Ninh Hai, Thuan Bic va mot ph?m thanh phé Phan
Rang—Thap Cham. Nam 2030, luong mua ting tir 3,7-9,1% su phan bd luong mua phan bd
twong ty nhur nam 2025. Nam 2050, lugng mua c6 sy phan bd ting giam khong dong déu,
huyén Ninh Phuéc c6 luong mua giam 2,1%, tuy nhién khu vuc huyén Béac Ai va Thuan Bic
¢6 luong mua ting khoang 2,5%. Dén nam 2100 c6 su phan bd lwong mua c6 xu hudéng giam
tir 1,3% dén 8,9%, huyén Ninh Hai 1a noi ¢6 lugng mua giam it nhét véi khoang 1,3%, noi cé
luong mua giam nhiéu nhat 1a huyén Ninh Phudc véi khoang 8,9% (Hinh 11b).
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Hinh 10. Mitc d¢ bién déi nhiét do trung binh (°C) tinh Ninh Thuan theo kich ban RCP4.5 (trai) va
RCPS.5 (phai).
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Hinh 10. Mirc d6 bién ddi nhiét d6 trung binh (°C) tinh Ninh Thuén theo kich ban RCP4.5 (trai) va
RCP8.5 (phai) (tiép tuc).
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Hinh 11a. Mirc d9 bién d6i lwong mwa nim (mm) tinh Ninh Thuan theo kich ban RCP4.5.
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4. Két luan

Trong giai doan 1993-2019, nhiét d trung binh & Ninh Thudn c6 xu thé ting xap xi
0,012°C/nam, lugng mua c6 xu thé tang 4,4mm/nam, sb gi0 nang cd xu thé tang 0,6
ngay/ndm. Nhiét d6 trung binh hing nim tai tram Phan Rang 1a 27,2°C. Trong d6, thang I c6
nhiét d¢ trung binh thap nhét vai gia tri 1a 24,9°C. Thang V va VI ¢6 nhiét do trung binh cao
nhét véi gia tri 1a 28,9°C. Nhiét do trung binh héng nam tai tram Phan Rang dao dong quanh
gié tri trung binh véi bién do 1,0°C. Thang c6 bién d6 dao dong cao nhat Ia thang VI véi mic
dao dong 4,0°C quanh gia tri trung binh. Thang c6 bién d6 dao dong thap nhat 14 thang 10 véi
muc dao dong 1,4°C. Lugng mua trung binh nhiéu ndm tai Phan Rang 12 923,8 mm. Thang c6
bién d6 dao dong cao nhét 1a thang XII v6i muc dao dong 618,0 mm quanh gia trj trung binh.
Théng c6 bién d6 dao dong thap nhét 1a thang IT véi mirc dao dong 30,0 mm.

Theo céc kich ban bién d6i khi hau, nhiét do trung binh theo kich ban RCP4.5 nhi¢t do
trung binh ting tir 0,6°C (2025) ting dén 1,4°C (2050) va tang 1,9°C (2100). Theo kich ban
RCP8.5 nhiét d6 trung binh tang tir 0,7°C (2025) ting dén 1,9°C (2050) va ting 3,5°C (2100).
Luong mua trung binh (R): Theo kich ban RCP4.5, luong mua tang tir 3,1% (2025) tang
3,5% (2050) va giam di 2,8% (2100). Theo kich ban RCP8.5, lugng mua tang 9,1% (2025),
giam 9,3% (2050) va giam 8,9% (2100).

DPong gop cua tac gia: Xay dung y tuong nghién ciru: N.V.H., N.T.C.M.; Lua chon phuong
phéap nghién ctru: N.V.H., N.T.C.M.; Xu 1y s0 li¢u: N.V.H., N.T.C.M.; Viét ban thao bai béo:
N.V.H., N.T.C.M.; Chinh stra bai bao: N.V.H.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru ciia tap thé tac
gid, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong cod
su tranh chap lgi ich trong nhom tac gia.
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Climate Trends and Climate Change Scenarios in Ninh Thuan
Province, Vietnam

Nguyen Van Hong!*, Nguyen Thi Cam Mi!

! Sub-Institute HydoMeteogology and Climate Change; nguyenvanhong79@gmail.com;
nguyenthicammi2007@gmail.com

Abstract: The study was presented the trend of climate (temperature, precipitation) in Ninh
Thuan Province. The linear regression method is used to determine the trend and variation
of past temperature and precipitation from 1993 to 2019 at Phan Rang meteorological
stations. The results showed that the climate factors tend to increase: the annual average
temperature for many years tends to increase by 0.012°C/year, the annual highest
temperature increases by 0.017°C/ year, the annual lowest minimum temperature increases
by 0.01°C/year, the precipitation increases by 4.44 mm/year. According to RCP4.5 and
RCP8.5 climate change scenarios, the annual average temperature in Ninh Thuan tends to
increase through 2025, 2030, 2050 and 2100. In terms of annual average precipitation for
the RCP4.5 climate change scenario tends to increase. For the RCP8.5 climate change
scenario, the precipitation increases in 2025, 2030 and decreases and in 2050, 2100.

Keywords: Climate; Trend; Climate change Scenarios RCP4.5, RCP8.5.
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Tém tat: Trong bdi canh gia ting dan s6 va phat trién kinh té manh mé tai luu vuc séng Sai
Gon—Bc‘)ng Nai, chi s6 WQI (Viét Nam) va CCME (Canada) dugc st dung nham danh gia
dién bién chat luong nudc (CLN) vung bo thanh phé H6 Chi Minh (TpHCM) giai doan
20162019 (theo myc nude triéu, thang, miia va nim) trén co so dir liéu quan trac dinh ki
(14 tram) va do dac b sung (22 tram). Nhin chung, CLN tt dan vé phia bién, dap tng céac
muc tiéu CLN (ngoai trir Pb ¢ ha luu song Vam Co, song Long Tau va TSS ¢ vung cura
song, ven bién). CLN ¢ thoi diém triéu rat thudng kém hon khi tridu cudng (rd nét tai cac
song ndi dong); mua mua (muc trung binh—kha) thuong kém hon mua khé (mirc kha—tdt).
Gan day ghi nhan dau hiéu cai thién CLN tai mot sd vi tri cira song va ving ven bién, tuy
vdy, can thiét ting cuong va duy tri lién tuc cong tac quan ly CLN vung bo (pH, DO, N-
NH4*, Coliform, E.Coli, Pb, Mn), nhat 14 thuong nguon song Long Tau, ha ngudn s6ng Soai
Rap, ctra song Dong Tranh...Bén canh d6, khuyén nghi st dung chi s6 CCME trong danh
gia CLN vung bd nham xem xét dong thdi CLN khu vuc luc dja va ving bién ven bo. Dé
tang cuong hiéu qua quan 1y, can tiép tuc nghién ciru tinh hinh phat thai, du bao xu thé CLN
va kha nang chiu tai cua khu vuyec.

Tir khéa: Chi sb chat luong nudc, O nhiém moi truong, Nudc mat, Vung bo.

1. Pit van dé

Chat lugng nude (CLN) thé hién sy thich hop ciia nguon nuéce dé duy tri cac chu trinh
Iy-hoa-sinh trong nudc va phuc vu cac muc dich st dung khac nhau [1]. Panh gid CLN
thuong dua trén dit liéu quan tric ndng do va tai luong chét 6 nhidém [2]. Tuy nhién, viéc dua
trén cac thong sd riéng 1é tao nén nhitng rao can trong nhan dinh tong quat CLN theo khong
gian va thoi gian. Do vy, chi s6 CLN (Water Quality Index—WQI) dugc xdy dung va tng
dung 1an déu tién tai My (1965-1970), sau d6 dugc nghién ctru va phat trién & nhleu quoc
gia trén thé gi6i [3—5] nham cung cip thong tin chung vé CLN cho céc nha cung cap va cong
ddng [6]; nghién ctru anh hudng cua cac chinh sach va chuong trinh lién quan dén chét lugng
mai trudng [7]; so sanh CLN gitta cic ngudn va cac vi tri khac nhau [8]; hd tro cac nha hoach
dinh chinh sach va cong dong giam thiéu cac danh gia chu quan va thién vi [9].

Phan tich téng quan 30 loai WQI hién ¢ theo trinh ty bén bude xay dung chi s6 WQI
(lya chon thong sd, chuyén dbi chi s6 phuy, thiét lap trong s, tinh toan chi $O tong hop) [10]
cho thdy: khong c6 phuong phap chung nhat dé tinh toan WQIL ¢ thé tiép can ca 4 budc
hodc it hon khi thiét 1ap; khong c6 phuong phap dam bao tuyét déi khach quan va do tin cay.

Tap chi Khi twong Thuy van 2021, 727, 56-67; doi:10.36335/VNJHM.2021(727).56-67  http://tapchikttv.vn/
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Pang luu y khi chi c6 chi s6 WQI ctia Canada—CCME (Canadian Council of Ministers of the
Environment) thyc hién phan tich do nhay cho céa 4 budc nham giam thiéu tinh khong chéc
chén cua két qua dau ra, trong khi cac phuong phap khéc thyuc hién kiém nghiém it hon, hodc
su dung cac phuong phap khac nhau trong qua trinh thlet lap, chang han Iya chon thong so
va phuong phap tong hop khac nhau, s0 luong thong s6 va phuong phap xéac dinh trong s6
khéac nhau. Céc nghién ctru cling chi ra rang moi luu vuc song nén duge danh gia boi mot bo
thong sd riéng biét ciing nhu khong thé so sanh WQI gitta cac luu vuc song khac nhau khi
khac nhau cac théng s6 cau thanh.

Ving bd TpHCM bao gdm toan bo dién tich dat lién ctia huyén Can Gid va ving bién
ven bo ¢6 ranh gidi ngoai cach mép bo 06 hai Iy (khoang 11 km) tir vinh Ganh Rai dén cira
Soai Rap, c6 vai tro ddc bi€t quan trong d6i v6i su phat trién ciia thanh phé. Tuy vay, sy tang
truong kinh té va gia tang dén s6 nhanh chéng doc theo luu vyc song Sai Gon—Dong Nai
ngay cang tao strc ép ddi v6i ngudn nudc mit noi ddy. Do d6, nghién ciru nhim muc tiéu
danh gia dién bién va hién trang chét luong nudc mit ving bd TpHCM giai doan 2016-2019,
dong gop quan trong cho viée nhan dinh, du bao xu thé bién d6i CLN trong tuong lai, phuc
vu hoach dinh céc giai phap quan ly tuong thich.

2. Phuwong phap nghién ctru

2.1. Phwong phdp ldy mdu va phén tich mdu

a) Vi tri ldy mau: Pham vi danh gia dién bién chit lugng nuéc mit 1 ving by Tp. HCM
(Hinh 1), bao gdm toan bd dién tich dat lién ctia huyén Can Gid va vung bién ven bo ¢ ranh
gidi ngoai cach mép bo 6 hai 1y (khoang 11 km) tir vinh Ganh Rai dén cura Soai Rap.

(IﬁE:;H.i(?H
© Tram thiy vin, CLN

Tram thiy vin

Tram X Y

NB 10.6803 106.7697
VC 10.48829 106.7285
SR 10.41306 106.7963
pT 10.43567 106.8607
N7 10.47176 106.9404
CM 10.49704 106.9969

Q. . q"ﬂﬂg Tau TT 10.28385 106.8311
‘Tan Thanh

¢ ﬁ VT 10.30641 107.0344

Hinh 1. Pham vi nghién ciru va vi tri quan tric CLN lién tuc (mdi gio).

Dé6i bo ¢ Can Gid (gdm phan dat lién va ving bién ven bo) 1a khu vuc dong thoi chiu
anh huong cua ché do6 thuy van song Dong Nai va ché do hai van Bién Dong voi ché do ban
nhat triéu—hang ngay c6 2 1an nudc 1én va 2 lan nudc xudng, toc do dong triéu kha 16n 1am
cho méi trudng ving dat ngap nudc Can Gid ludn bi xao tron, dan dén sy dong nhét tuong
dbi cua moi trudng nudc mat va nudce bién ven bo. Vi vay, chit luong nudc bién ven bo
(NBVB) vé co béan rat it thay doi theo phuong song song v6i mép bo (Long Hoa—Can Thanh),
khong can qua nhiéu diém quan tric & khu vuc nay. Nguoc lai, do qua trinh tuong tac song
bién, chat luong méi trudng nudc bién ven by Can Gio thay d6i dang ké theo hudng Tay
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Bic—Pong Nam: tir cac song ndi dong, dén cac cira soéng, mé rong ra khu vue nude bién ven
bo (cach mép b 3 hai 1y, khoang 5.5 km) va xa dan vé phia bién DPong (cach mép bd 6 hai
1y) dugc xem 14 ranh gidi két thiic nhitng dong phu sa ctia hé théng song Pong Nai. Theo do,
vi tri 1dy mau danh gia CLN duogc mé ta & Hinh 2 va Bang 1.

5\{\\\

7
QP

A Y
G\

LN

X Y X Y X Y
1 10.38690 107.0448 6 10.34754 106.9552 11 10.40624 106.7973
2 1041715 107.0350 7 10.30180 106.9288 12 10.34588 106.8359
3 10.46784 107.0047 8 10.28946 106.8714 13 10.36026 106.8762
4 10.45004 106.9580 9 10.28346 106.7987 14 10.34754 106.9552
5 1040211 106.9922 10 10.47377 106.7510 15 10.33610 107.0360
Hinh 2. Vi tri 1dy miu nu6c bién ven bo.
Bang 1. M6 ta cac vi tri ldy mau chit luong nude mit.
Pham vi Vi tri Khu vue Mbo ta
NB Song Nha Be Bén}l g1é§ CLN ha Iuu song Nha B¢ trude khi do vao
huyén Can Gio
A . . Pénh gia CLN soéng Vam Co trude khi d vao huyén
ve Song Vam Co Can Gio tai hop luu voi song Soai Rap
Nudc mat -
Iyc dia 10, 11 Song Soai Rap Panh gid CLN cac séng chinh ngi vi huyén Can Gio
PT Séng Dong Tranh trude khi d6 vao vinh Pong Tranh
N7 Song Long Tau panh gia CLN cdc song chinh ndi vi huyén Can Gio
CM Song Thi Vai trude khi @6 vao vinh Ganh Rai
) 1-5 Vinh Ganh Rai Panh gia CLN vinh Ganh Rai
Nudc bién ; : : " :
be 9,11-13 Vinh Bong Tranh ~ Panh gia CLN vinh Dong Tranh
ven bo

5-8, 13-15 Ving bién ven bd  Pénh gia chit lugng NBVB TpHCM
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b) Thoi gian 1dy mau: 20-22/4/2019 (mua kho)

¢) Phan tich mau: 09 thong s6 bao gom pH, DO, BOD, COD (KMnO4), N-NH4", N—
NO;-, P-PO+*, Coliform, TSS

d) Phuong phap ldy miu nudc: Ap dung TCVN 5998:1995 (ISO 5667-9:1992) dbi voi
mau nude bién va TCVN 6663— 6:2008 (ISO 5667-6:2005) d6i voi mau nude song.

e) Phuong phap bao quan mau: 4p dung TCVN 5993:1995 (ISO 5667-3).

f) Cac quy chuan tham chiéu: QCVN 08:2015/BTNMTvé chit lugng nude mat luc dia
(NMLD) (ap dung c6t Bl-nudc dung cho muc dich tuoi ti€u, thuy loi) va QCVN
10:2015/BTNMT vé chat luong nude bién (4p dung cho ving nudi tréng thuy san, bao ton
thuy sinh ven bo).

2.2. Phwong phdp tinh todn chi sé chdt lwong nudc

CLN ving bo TpHCM duoc dénh gia tong hop bang chi s6 WQI (Bang 3-4). Dién bién
CLN giai doan 2016-2019 duoc danh gia trén co s6 dir liéu quan trac dinh ki cta Trung tam
Quan trac va Phan tich M61 truong (S¢ Tai nguyén va M6i truong TpHCM). Toa dg cac tram
quan trac dugc trinh bay & Bang 2.

Bang 2. Toa d6 cac tram quan tric nude mat trong pham vi nghién ctru.

Khu vue Tram Ky hiéu X Y
1. Nha B¢ NB 1181376,54  610844,32
2. Tam Thén Hiép TTH 1173326,10  621959,92
Nudcmdt  3.Vam Sat S 1165407,99  608467,14
luc dia 4.Vam Co VvC 1157697,90  604458,64
(1-7) 5.Pdng Tranh PT 1154643,08  621048,55
6.Ngi Bay N7 1161689,90  631305,55
7.Cai Mép CM 1164456,83  638719,84
8.Cira Ddng Tranh CPT 1151767,77  621381,62
9.Cira Long Tau CLT 1158220,81  629844,33
Nude bién  10.Cira Cai Mép C.CM 116008141  635807,34
ven bo 11.Céng vién Can Thanh CT 1151811,73  633856,50
(8-14) 12.Khu du lich 30 Thang 4 30/4 115059031  632151,56
13.Bii Dong Hoa PH 114671897 62479452

14 KDL Hon Ngoc Phuong Nam HNPN 1147769,78  624769,50

Chi s6 WQI-VN tinh toan theo Quyét dinh 1460/QD-TCMT cua Tong cuc Moi trudng
ngay 12/11/2019, chi ap dung dbi véi NMLD (hién chua c6 hudng dan dbi voi NBVB). Dé
danh gia dong bo trén toan pham vi nghién ctru (gdm ca NMLD va NBVB), 4p dung chi sd
CCME —d¢ xuét bi Hoi dong Bo trudng Mbi trudng Canada (Canadian Council of Ministers
of Environment).

2+ B2 4+ 2
CCME =100—| Y1 72775 3=__NE

F3 = ———~
1.732 0,01NSE+0,01
n A TA .
S6 thong s6 khong dat Y. Do léch_i
F1 =282 08 £ 100 NSE==E1"~- ~"- 4
Toéng so thong SO Tong SO gla trl
S§ gia tri khong dat A . Gia tri vwot chuin_i
F2 = 28208 £ 100 Do léch_i = el -1

Téng s6 gia tri - Gia tri gi¢i han_i
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Trong d6 F1 (pham vi) 14 i 1¢ giita s6 thong s6 CLN khong dat chuan véi tong sb cac thong sd
duoc quan tric; F2 (tin s6) 1a s6 1an khong dat chuan véi tong s6 cc két qua quan tric cia tit ca cac
théng sb; F3 (bién do) 1a d6 16n cua théng s khong dat chuan so véi gia tri quy chuan ctia thong s6
do; NSE 1a d6 léch téng cong chuén hoa; Do léch_i dugc tinh toan khi n6ng do cta thong s0 khong
dat quy chuan twong tng; 1,732 1a d6 dai cuc dai cua vecto to hop giita F1, F2 va F3.

Bang 3. T6 hop céc thong sb tinh toan chi s6 WQI: (a) Cac chi sé CLN va muc dich sir dung.

STT Muc dich Pham vi Mo ta dir lieu Thoi gian Co sé Théng s6 CLN Ky hiéu

1  Panh gia hién T sNha 22 vi tri ldy 4/2019 CCME 9thongs6 CLNda WQI.
trang CLN ving B¢ ra ving mau(ca NMLD dé cap thudc 1
bd TpHCM theo bién cich va NBVB) nghién ctru nay
CCME bo 6 hai ly

2  Panh gid dién T sNha 14 tramcia S 2016— CCME 8 théng s6 CLN WQL
bién CLN ving Béra ving TNMT-HCM, 2019 quan tric dong 5
bd TpHCM theo biénvenbd gdbm 07 tram thoi cho ca
CCME NMLDb va 07 NMLD va NBVB

tram NBVB

3 Sosanh CLN theo cac chi s6 CLN

3.1  Theo OP1460 bang 02 t6 hop dit liéu

7 thoéng sb nhu WQL
WQI.1 ngoai trir 7
NO;-N (do So

T  song A

Nhd Be ra 7 tram quan 4,5 gglr\lﬂtich) kh%lg
WQIL.2 vs. WQL.7 vung ctra trac NMLD cua 57018 1460 (theo QP1 4’60)

song huyén S& TNMT

Cén Gid

12 thong s6 —khai ~ WQL
thac t6i da dit ligu 2
theo QD 1460

3.2 Theo QP1460 va CCME

Te song 7 tram quan  12/2017 CCME 12 thong s6 —khai  WQL

Truonghoptdida Nha Be ra tricNMLPcia  —5/2018 thac téi da dit lisu 3
dir ligu ving cia  S6 TNMT theo QD1460
WQIL2 vs. WQL3 s0ng huyén

Can Gio

3.3 Theo CCME bang 02 t6 hop dit liéu

WQL5vs. WQIL4 T séng 7 tram quan 12/2017 CCME 15 thong sb —khai  WQL

Nha B¢ ra tricNMLDcua —5/2018 thac toi da vathich 4
vung cta S& TNMT hop dir liéu quan

song huyén tric

Can Gio

WQIL5 vs. WQL6 Ving bién 7 tram quan 12/2017 CCME 10 thong sd—khai  WQI.
ven bo trac NBVB cua -5/2018 thac toi da va thich 6
TpHCM S6 TNMT hop dir liéu quan
trac
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Bang 3. T6 hop céc thong s6 tinh toan chi s6 WQI: (b) M6 ta thanh phéan ctia cac chi s6 WQL

WQLI WQL2 WQL3  WQL4 WQL5 WQL6 WOQL7 WOQLS

Théng s6
CCME 1460 CCME CCME CCME CCME 1460 1460

pH X X X X X X X X
DO X X X X X X X X
BOD X X X X X X
COD X X X X X X
NH4*-N X X X X X X X X
NOs-N X X
PO4*--P X X X X X X
TSS X
Coliform X X X X X X X X
E.Coli X X X
Pb X X X X X
Cd X X X X X
Cu X X X X X
Fe X
Zn X X X
Mn X
As X
Hg X X
Déu X X
Téng cong 9 12 12 15 8 10 7 8

Bang 4. Quy udc vé gia tri (chi s6), mau sic va mirc CLN.

WQI CLN Khuyén nghi CCME CLN Khuyén nghi

Str dung tot cho muc dich cap Khong c6 moi de doa hoac

91-100  RAt tbt 95-100 RAt tdt

nudc sinh hoat suy yéu vé nguon nudc

Trung Tudi tiéu va cac muc dich Ngudn nude doi khi bi de
AT binh tuong duong khac b= doa hoic suy yéu
26-50 Kém Giao thong thily va cac muc 45 -64 Trung Nguon nudc thuong xuyén

dich twong duong khac binh bi de doa hoic suy yéu

O nhi€ém O nhiém ning, can cac bién
nang phap xtr Iy trong twong lai Ngtlf)n nuée dang bi bi de

Xau & £
doa hodc suy yéu

O nhi€ém Nude nhidm doc, can co bién
rat nang phép khac phuc, xur ly

3. Két qua va thio luin

3.1. Hién trang CLN vung bo TpHCM vao mua kho 2019

Thong sé CLN déng quan tam: két qua phén tich cho thay hau hét cac thong sb CLN tai
ving bd TpHCM dap tmg quy chuan cho phép (QCVN:08-2015 va QCVN:10-2015). Tuy
véy, ddu hiéu 6 nhiém duogc ghi nhan & mot sé vi tri nhu: chi (Pb), vuot chuan tir 1,2—1,4 1an
tai ha luu song Vam Co va song Long Tau; chat ran lo ling (TSS), hién dién & mirc cao (vuot
chuan tir 3—7 1an & ha luu cac song va 3—4 1an ¢ khu vuc ven bo).

Xu huéng lan truyén 6 nhiém: ham luong chit 6 nhidm giam dan ra bién—c6 thé duoc
giai thich boi phan bd cac hoat dong dan sinh ciing nhu viéc mo rong khong gian trao d6i
nude, lan truyén, pha lodng ra ving ctra séng, ven bién (Hinh 3). Khu vic dang quan tim—
¢6 CLN théap nhét trong pham vi nghién ctru ghi nhan tai hop luu ciia séng Vam Co va song
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Soai Rap dén cira song Soai Rap; ha luu song Pong Tranh. CLN tai vinh Pong Tranh, vinh
Ganh Rai va khu vy ven bién (cach by 3—6 hai 1y) hién & mirc tot.

Anh hudng cta thuy tridu: két qua phan tich CLN thudc nghién ctru nay, két hop voi dit
liéu quan trac trong 2 diéu kién triéu khac nhau ciia mdi thang—khai thac tir Trung tim Quan
tric va phan tich moi truong—S¢ TN&MT TpHCM chi ra nong do céc chét trong thoi diém
triéu rut cao hon lc tridu 1én, d& nhan théy tai khu vuc noi déng (Hinh 4, Bang 5). Diéu nay
c6 thé duoc giai thich bai khi nudc 1én, phan nio pha lodng ndng do chat 6 nhiém trong song,
nguoc lai, khi nudce rut, chit 6 nhi®m tir cac song rach noi déng s& bi 16i cudn, thoat ra dong
chinh va lam giam CLN tai day.
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Hinh 4. Chi s6 chét lwong NMLD ving bo—Thang 4/2019 (WQI.8): (a) Triéu 1én; (b) Triéu rut.
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Bang 5. Chét lugng nudc miat ving bo TpHCM— Muia khd 2019: (a) Nudc bién ven bo.

Khuvye Tram Tridu pH DO BOD COD NHs-N NO;-N POg-p Coliform TSS

Y ) 27—
6,5- mg/L 100mL mgL % WQL1
QCVN10:2015 -NTTS 85 >5 - - 0,1 - 0,2 1000 50 VC
01 NL 8,06 52 2,6 6.4 0,03 0,08 0,02 90 79 158
Vinh 02 NR 747 5,6 2,6 6,0 0,03 0,09 0,03 40 122 244
Géﬂh R4 03 NR 748 5,7 2,7 7,0 0,05 0,10 0,03 60 204 408
04 NR 7,69 5,5 2,8 6,9 0,06 0,26 0,05 130 180 360
05 NR 7,70 5,6 2,7 6.4 0,04 0,16 0,06 120 180 360
Vinh 09 NL 7,67 5,1 2,9 6,8 0,04 0,23 0,03 260 126 252
D(i)ng 11 NL 7,89 5.1 2.8 7,5 0,09 0,19 0,06 220 170 340
Tranh 12 NL 7,84 573 2,7 6,7 0,06 0,20 0,04 30 118 236
13 NL 7,63 5,4 2,7 6,5 0,09 0,26 0,05 190 143 286
06 NR 7,66 56 24 62 0,04 0,10 0,02 40 167 334
14 NL 8,21 5,2 2,5 6,3 0,04 0,24 0,04 90 158 316
. 15 NL 8,04 54 2,3 5,8 0,05 0,19 0,02 130 83 166
\];‘lfng 07 NL 7,69 54 25 60 005 012 0,02 160 119 238
Ven 08 NL 7,81 5,3 2,6 6,2 0,04 0,24 0,02 110 99 198
Bo TT NR 798 49 2.8 6,5 0,04 0,14 0,02 170 112 224
TT NL 796 49 2,4 6,1 0,05 0,25 0,02 110 132 264
VT NR 8,18 52 2,6 7,2 0,04 0,28 0,02 140 118 236
VT NL 8,20 5,1 2,4 6,9 0,03 0,29 0,02 120 155 310 -
Bang 5. Chat lugng nude mat ving bo TpHCM— Mua khé 2019: (b) Nude mat luc dia.
Khuvee Tram Triéu pH Pb oa s @ PO BOD €00 S, N e C‘I)\lAiNﬁ;’l/'m TSS .............
5,5- mg/L 100mL_mg/L % WQL1 WQLS
QCVN 08:2015-B1 90 005 001 05 1,5 >4 15 30 09 10 03 7500 50 VC
Séng NB NL 791 - - - - 46 33 91 008 058 006 4600 57 114 91 96
NhaBé NB NR 7,92 0,02 KPH 003 0,05 42 28 86 0,04 071 008 4600 132 264 87 98
Séng VC NL 756 - = - - 42 46 93 007 071 006 1700 101 202 89 97
VamCé vC NR 743 0,06 KPH 0,06 007 3,9 47 96 004 080 0,11 6400 384 768 69 74
Séng 10 NL 7,79 - . - - 57 31 78 008 020 006 240 204 408 83 86
SodiRap 11 NL 7,89 - - - - 51 28 75 009 019 006 220 170 340 84
S.Pdng BT NL 829 - : - - 55 25 79 006 058 004 210 157 314 82

Song N7 NL 791 0,07 KPH 0,07 0,07 51 28 6,8 005 0,5 0,02 290 138 276 87
Long Tau N7 NR 7,90 0,07 KPH 0,07 0,07 51 32 63 006 074 0,02 240 138 276 87

Séng CM NL 8,24 - - - - 54 23 56 006 034 0,02 210 169 338 85 98
ThiVdai CM NR 826 0,01 KPH 006 0,07 52 22 55 004 055 0,02 210 158 316 86

85
Tranh PT NR 828 KPH KPH 0,05 004 52 22 74 003 071 002 240 192 384 83
98
97

Trong do VClaty 1¢ phan trim so voi quy chuan cho phép; KPH 14 khong phat hién;
NL la nu6c 16n (tri€u 1€n); NR la nude rong (tri€u rat); NB 1a Nha Beé; VC 1a Vam Co; DT
la Bong Tranh; N7 1a Nga Bay; CM la Cai Mép; TT la Tan Thanh; VT la Viing Tau.

3.2. Dién bién CLN ving bo TpHCM giai doan 2016-2019

Dir liéu quan tric tai thoi diém triéu kém dugc str dung dé danh gia dién bién CLN ving
bd TpHCM giai doan 2016-2019 thong qua chi s6 WQLS5 (Bang 6-7).

Dién bién theo nim: Nhin chung xu hudng ting/ giam CLN chua thyc sy 1 rang, dic
biét khi so sanh gitra cdc nam bdi sy khiém khuyét dir li¢u vao 2016 va 2018. Dir li¢u quan
trac lién tuc tir 5/2016-5/2018 cho thay dau hi¢u cai thién CLN trén cac séng 16n va ving
cua song, nhét 13 cudi 2016 sang nura dau 2017. Tuy nhién, do trao ddi nude kém, CLN ndi
ddng (tram TTH) ¢6 xu thé suy giam—tir mia mua 2017 dén dau mua kho 2018 va 2019.

Dién bién CLN giira 2 mua trong nim: Bang 6 va Hinh 5 cho thiy CLN vao mua mua
thuong kém hon mua kho, do chit 6 nhiém dé dang bi nudc mua ria trdi va 16i cudn theo
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dong chay db vao ngudn tiép nhan. Phan bé CLN tai ving bod TpHCM vao mua mua nhu
sau: khu vuc thuong ngudn va cac song rach ndi dong c6 CLN trung binh (chu yéu do pH,
DO, N-NH4*, Coliform khong dap trng quy chuan); ha luu séng Soai Rap c¢6 CLN kha (do
pH, DO, Coliform); khu vyc ctra séng (Pong Tranh, Nga Bay, Cai Mép) db ra vung ven bién
c6 CLN ¢ muc tot. Trong mua kho, CLN chu yéu & muc tot; riéng thuong ngudn song Long
Tau, ha ngudn séng Pong Tranh va Soai Rap ¢6 CLN ¢ mirc kha (do pH, DO, Coliform).

Bang 6. Dién bién CLN ving by TpHCM tai thoi diém triéu rat (WQLS5).

2016 2017 2018 2019

Miuia mua Miua kho Miuia mua Nim Mua kho Mua kho
NB 69
TTH 76
vC 73
VS 75
bT -
N7
CM
30/4
C.CM
CT
bH
CbT
HNPN
CLT

Tram

DPONG NAI w- % ’. E §

X.Binn KngNn ¥
X.TAM THON HIEP

X. ANTHOIDONG

:\I g

X. LY NHON

TIEN
i GIANG

CHU THICH CHU THICH

— Ran it — Rt
B — mnsoimen
—f— Ranh gidi tinh
I e

L )

é —— Ranh i buyén

Hinh 5. Chi s6 chét luong NMLD viing bo ndm 2017 (WQI.2): (a) Mua Khd; (b) Mua mua.

Dién bién CLN theo cac thang trong nim: Bang 7 cho thay dién bién CLN theo thang tai
khu vuc luc dia rd nét hon ving bién ven bo. Chat luong nude mit luc dia thudng suy giam
vao cac thang cudi mua kho chuyén sang mia mua (T5-T7) do tiép nhan nhiéu chat 6 nhiém
bi 161 cudn theo dong chay mat. 'CLN vao T6-T7 thuong thap nhat nim (dao dong tir trung
binh—kh4), dan cai thién vao cudi miia mua (T9-T11, CLN kha-tbt), sau d6 suy giam & nira
dau mua kho (T12-T2, CLN trung binh—kha), nhat la khu vuc noi dong (tlep nhan dang ké
tai luong chat 6 nhidm do nhu cau sir dung nudc gia ting trong mua 18 tét) va chuyén bién
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tich cuc ¢ cac thang sau d6 (T3-T5, CLN kha—t6t). Trong nhitng thang mua kho, CLN tai
mot sO thoi diém bi anh hudng tiéu cuc do suy gidm dong chdy moi truong, gidam kha nang
trao d61 nudc hoac tiep nhan chat 6 nhiém bi 16i cudn sau mét vai tran mua nghich mua.

Bang 7. Dién bién CLN ving bo Tp.HCM theo cac thang trong nam tai thoi diém triéu rat (WQL5).

2016 2017 2018 2019

T2 T3 T4 TS T6 T7 T8 T9 T10 Ti1 T12 T1 T2 T3 T4 TS5 T1 T2 T3

100 fighl 100 34
) _ 65 69 66 79
100 [ P 100

100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100

100 100 100 100 100 B 100 100 100 100 100
100 100 @M 100 100 10 100

100 100 100 100 100 100 100 100
100 100 00 100 100 100
100 2N 100 100
100 42 100 ' 100 100
N 100 1002 Y 100 ' 8 100 K23 100

3.3. So sanh cdc két qua tinh todn chi s6 CLN

Bang 8 trinh bay két qua tinh toan chi s6 CLN tai viing bo TpHCM vao mua kho 2018
(12/2017-05/2018) theo céc cach tiép can khac nhau.

Bang 8. So sanh cac chi s6 CLN tai viing bd TpHCM vao muia khd nam 2018.

ram CCME QD1460 QP1460 vs. CCME

: WQL5S WQL4 WQL6 %  WQLZ WQL7 %  WQLZ WQL3 %
NB 66 19 63 35 63 +2
TTH 74 17 62 31 62 +3
Ve 74 0 64 34 64 10
Vs 74 13 60 30 60 +5
N7 24 63 32 63 &7 +6
cM 32 53 15 53|56 45
30/4 0 - - - - - -
c.cM - - - - - -
cT 7 - ; ; ; - -
PH 6 - . . ; - -
C.PT 7 . . . ; - -
HNPN +1 - ; - - - -

C.LT

Mot s6 nhén dinh duoc rit ra nhu sau:

- WQI.2 va WQI.3 lan luot dugc tinh toan theo Quyét dinh 1460/QD-TCMT va mé hinh
WQI_CCME véi cung b thong sb va dir liéu quan tric, theo d0, cac két qua tinh toan chénh
léch khong dang ké (dao dong tir 2—10%).

- Céc gia tri WQL5, WQIL4 va WQL6 cho thdy, mic du déu tinh toan bing WQI CCME,
cac to hop thong s6 khac nhau sé& cho cac két qua khac nhau vé chi s6 CLN. Déi véi WQLS5
vs. WQL6, it khac biét vé cac thong sb giira hai to hop (As va ddu md), v6i ndng do it anh
hudng dén két qua tinh toan (dat quy chuan), theo d6, cac chi s6 CLN twong d6i gidng nhau
(sai khac tir 0—7%).

E
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- Tuy nhién, khi hai t6 hop thong s6 khac nhau dang ké vé sb luong (WQLS5 vs. WQI4,
07 thong s khac biét), chénh léch giita cac chi s6 CLN theo d6 rit dang quan tim, dao dong
tir 13-32% (chit yéu chi phdi boi Mn va E.Coli), c6 kha ning thay d6i mac CLN. Nhan dinh
twong tu duge chi ra khi so sanh WQIL2 va WQL7 (tinh toan theo Quyét dinh 1460/QDb—
TCMT véi 05 thong sd khac biét), sai khac giita cac chi s6 CLN dao dong tir 15-35% (chu
yéu do E.Coli).

- Mot cach tong quat, cac cach tiép can (cong thirc) va/hodc cac t6 hop thong sd khac
nhau (s6 luong) c6 thé dan dén nhing sai khac trong nhan dinh vé mirc CLN. Cac phép so
sanh chi ra rang to hop cac thong s tinh toan chi s6 CLN nén t6i uu vé sb luong, dai dién
day du cac tinh chét 1y, hoa, sinh clia ngudén nudc, phan anh dic diém ngudn tiép nhan. Trong
diéu kién d6, Quyét dinh 1460/QD-TCMT va md hinh WQI_CCME cho két qua tinh toan
chi s6 CLN kha twong dong. Nhin chung, dé danh gid va phan anh dong b CLN tai vung bo
TpHCM, khuyen nghi sir dung chi s6 WQI-CCME trong diéu kién xem xét toi da va nhét
quén céc thong s6 quan tric chat luong nudc mit luc dia va nudce bién ven bo.

4. Kétluan

Mua kho 2019, CLN lyc dia dap tmg muc dich tudi tiéu va thuy lgi ngoai trur du hiéu 6
nhiém Pb tai ha luu song Vam Co va song Long Tau, TSS tai ving cira song ven bién. Cang
vé phia bién, CLN cang dugc cai thién, dam bao cho nudi tréng thuy san va bao ton thuy sinh
ven bo. CLN 6 thoi diém triéu rat thuong kém hon khi triéu cudng, dic biét tai cac song rach
noi dong. CLN ving bd TpHCM dang quan tdm tai ha luu song Soai Rap (sau hop luu véi
song Vam Co) va ctra song Pong Tranh. .. Giai doan 2016-2019, CLN trén cac song 16n va
khu vyc ctra song dan dugce cai thién (tr cudi 2016 sang nura dau 2017), trai nguoc véi khu
vure ndi déng (tir miia mua 2017 dén dau mua kho 2018 va 2019). CLN vao mua mua (dic
biét vao T5-T7) thuong kém hon mua kho (khé—tét); dat murc trung binh tai khu vuc thugong
nguén murc kha tai ha luu séng Soai Rap, mirc t6t & ving cura song, ven bién va cac vinh.
Két qua nghién ciru cting cho thiy trong diéu kién xem xét t6i da va nhat quan cac thong sO
quan trac, chi s6 WQI- CCME linh hoat hon khi tmg dung danh gia CLN trong pham vi gém
nhiéu loai d6i tuong tlep nhan (nhu nudc mat luc dia, nude bién ven bo) hay khi co s¢ di
lidu quan tric dd so, thong ké trong nhiéu nam.

Pong gop ciia tic gia: Xay dung ¥ tudng nghién ctru, Viét ban thao bai béo, Chinh sira bai
béo: L.N.T.; Lua chon phuong phap nghién ctru, Xir 1y s6 liéu: B.T.H.; Liy mau, Phan tich
mau: Vién Khi Tuong Thuy van Hai van va Moi truong.

Léi cam on: Nghién ciru nay dugc tai trg boi S Khoa hoc va Cong nghé thanh phd Ho Chi
Minh trong khuén khd Nhiém vu nghién ctru KH&CN “Dénh gia kha ning chiu tai caa vinh

Pong Tranh, vinh Ganh Rai va cira song Soai Rap trude ste €p cua sy gia tang dan s6 va
tang truong kinh té cta ving ha luu hé théng song Dong Nai”.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cia tap thé
tac gia, chua duogc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién cuu trude day;
khong c6 sy tranh chap 191 ich trong nhém tac gia.
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Evolution of water quality in the coastal area in Ho Chi Minh City
during the period of 2016-2019

Le Ngoc Tuan!, Doan Thanh Huy?

! University of Science (VNU-HCMC); Intuan@hcmus.edu.vn
2 Institute of Meteorology Hydrology Oceanography and Environment;
dthanhhuy132@gmail.com

Abstract: In the context of fast population growth and economic development in the Saigon—
Dong Nai River basin, the WQI (Vietnam) and CCME (Canada) indices were used to assess
the evolution of coastal water quality in Ho Chi Minh City for the period of 2016-2019 based
on periodical monitoring data (14 stations) and additional measurements (22 stations). In
general, water quality gradually increased towards the sea and met the water use objectives
(except for Pb in the downstream of Vam Co river, Long Tau river; TSS in the estuary and
coastal areas). The water quality at low tide was usually worse than that at high tide (clearly
recognized in inland rivers). The same trend was found in the rainy season (average—fair
level) as compared to the dry (fair—good level). Recently, there have been signs of improved
water quality in some estuaries and coastal areas, however, it is necessary to continuously
strengthen and maintain the management of coastal water quality (pH, DO, N-NH4",
Coliform, E.Coli, Pb, Mn), especially in the upstream of Long Tau river, Soai Rap river,
Dong Tranh estuary... In addition, it is recommended to use the CCME index in assessing
coastal water quality to simultaneously consider the water quality in the continental and
coastal areas. In order to improve management efficiency, it is necessary to study and
evaluate the wastewater emission, surface water quality, and the load-carrying capacity of
the area in the following years.

Keywords: Water quality index; Environmental pollution; Surface water; Coastal area.
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Tém tat: Nghién ctru nham danh gia chat lugng nuéc (CLN) ving b thanh phé Ho Chi
Minh (TpHCM) dén nim 2030 (théng qua BOD, DO, NO3—N, NH4*—N, PO4*—P, TSS va
Coliform) trong bdi canh nuéc bién dang (RCP4.5 va RCP8.5) theo cac kich ban xtr ly nude
thai (XLNT) khac nhau. Giai doan 2019-2030, neu khong cai thién tinh hinh XLNT, céc
khu vuc (va théng sb 6 nhiém) dang quan tam gdm song Soai Rap, Long Tau, Vam Sat
(TSS, BOD, PO4#*—P vuot chuan nhiéu lan), ving ven bd Long Hoa—Can Thanh (TSS,
PO4>—P); khac v6i cac vinh va pham vi cach bd 3—6 hai Iy ¢6 CLN twong dbi tot (ngoai trir
TSS, 2,5-3,5 lan quy chuan). Trong trudong hop dap tng hoic dap tng ti da cac quy dinh
vé XLNT, CLN vung b chuyén bién tich cuc (BOD va PO4—P) trong giai doan 2020—
2025 nhung giam dén vao cdc nnam sau d6 do gia tang xa thai tir cac hoat dong dén sinh,
kinh té. Can luu y rang, ngay ca dap ung toi da vé XLNT, nudc mit luc dia (thuong nguon)
van c¢6 nguy co 6 nhiém v6i BOD, PO —P, TSS co thé twong duong 25 lan quy chuan
vao nam 2030. Két qua nghién ctru ciing chi ra ngudn thai ndi vi déng gop dang ké BOD va
POs*—P vao CLN ving bo, dong thoi khuyén nghi giam s kich ban RCP khi mé phéng
CLN ¢ twong lai gan do khéc biét giita cac trudng hop twong ddi nho.

Tir khoa: Nudc mat; Chat luong nudce; Chi sd chit lugng nudc; Ving bo.

1. bat van dé

Tai nguyén nu6c dong vai tro quan trong trong mbi quan hé véi sy song va cac hoat dong phat
trién kinh té—xa hoi (KT-XH). Tuy nhién, qua trinh khai thac va st dung da tao nén nhiéu thach
thire, déc biét d6i véi khia canh chat lugng nude (CLN) [1]. Theo do, ngoat kiém soat hiéu qua
ngudn thai, gidm sat chit luong ngudn tiép nhan, viéc danh gia, du bao dién bién CLN déng vai tro
quan trong, cung cap co s& hoach dinh va thuc thi cac giai phap quéan 1y ¢ lién quan. C6 nhiéu
phuong phap dugc sir dung dé danh gia CLN: phuong phap mo hinh hoa, nhu WASP [2-3],
AQUATOX [4], DELFT3D [5], HEC-RAS, QUAL2K hay MIKE [6-7]; phuong phap quan tric
mbi trudng; phuong phap danh gia tong hop CLN theo chi s6 CLN (WQI) [8-10]. Nhin chung, tity
vao muc tiéu va quy mod nghién ctru, cac phuong phap nghién ctru duoc lua chon sir dung don 1¢
hoic két hop, phd bién 13 bd phin mém thuong mai hoa MIKE.

Luu vue Sai Gon-Ddong Nai 14 Iuu vye chinh thude ving ha huru hé thong séng Dong Nai, dong
vai tro quan trong trong phat trién KT—XH, bao gdm séng Sai Gon nhap luu séng Dong Nai tao
thanh song Nha Be (huyén Nha Be), sau d6 chia thanh séng Long Tau (ta ngan) va séng Soai Rap
(hitu ngan) nhan nudc song Vam Co 16i d6 vao vinh Pong Tranh ciing vé6i song Pong Tranh (nbi
cac song rach nho phia tiy huyén Can Gid). Song Long Tau va cac song Go Gia, Thi Vai, song
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Théu, Cai Mép phia dong huyén Can Gio d6 vao vinh Ganh Réi. Nhiéu nghién ciru vé CLN di thuc
hién tai luu vuc nay nhung chi yéu trén cac song chinh [11-12], chua chi tiét va toan dién trong mdi
quan hé véi dan s, kinh té, bdi canh bién doi khi hau (BDKH) va nudc bién dang (NBD) & pham
vi vung bo.

Cung v6i sy phat trién manh mé& cta kinh té va dan sinh 14 strc ép hitu hinh dén méi truong va
CLN cac thty vuc nhay cam, dac biét la ving bo TpHCM boi tiép nhan gﬁn nhu toan bo nudc thai
doc theo luu vuc song Sai Gon. Do véy, bén canh cong tac quan tric, danh gia hién trang CLN, viéc
tinh toan, du bao CLN c6 xét dén BDKH va cac kich ban XLNT dong vai tro quan trong, hd trg tich
cue cho viée danh gia kha nang tiép nhan nudc thai, cung cap dit lidu méi trudng can thiét phuc vu
quy hoach phat trién viing b TpHCM dén nam 2030.

2. Phuong phap nghién ciru

. Pham vi danh gia chit luong nguén nudc 14 ving bd TpHCM, bao gdm toan b dién tich dat
lién ctia huyén Céan Gid va vung bién ven b c6 ranh gidi ngoai cach meép bo 6 hai 1y (khoang 11
km) tr vinh Ganh Réi dén ctra Soai Rap. Pham vi thoi gian: xét mua kho, dén 2025-2030.
2.1. Phuong phdp khao sat, do dac, ldy mau nwde mdt

Céc thong tin do dac, lay mau nudc phuc vu nghién ctru duge tong hop ¢ Bang 1.

Bang 1. Thong tin vé hoat dong khao sat, do dac, 14y mau nuéc.

Noi dung Muc dich M0 ta S6 miv  Thoi gian Théng sb
Laymiu Vi tri bién (Nha B¢, Tan 3vitri* I mauh* 144 20-22
nudc mat  Thanh, Viing "ljau) (Hinh 1) 24 h/ngd * 2 ngd T4/2019 Nhiét do, pH,
Hiéu chinh—kiém dinh (HC— 4 vitri * 1 mawh * 96 20-21 DO, BOD, SS,
KD) tai tram Vam Cé, Bong 24 h/ngd T4/2019 NHs™—N, NOs—
Tranh, Nga 7, Cai Mép N, PO4#—P,
CLN ving vinh va ving bién 15 vi tri * 2 ngd 30 14va2l Coliform
ven b (Hinh 2) T4/2019
Pothuy  Tram cira Soai Rap 1 1an/h * 24 h/ngd 49 20-21 3
hi vin T4/2019 (M), Q (ms)
Tram Viing Tau, Tan Thanh 1 lan/h * 24 h/ngd 98 2021 Nhiét 3o, d6 man,
* 2 ngd T4/2019 muc puc’rc, song,

van toc c6 hudng

CHU THICH
© Tram thiy vin, CLN

Tram thay vin

4 N\ . cx
QP+
\\H‘}\N—-"

Qfﬂ ng Tau

Hinh 1. Vi tri céc bién, hi€u chinh-kiém dinh Hinh 2. Vi tri 1dy mau tai cac vinh va khu vuc ven bién.
chat luong nudec.
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2.2. Phuong phdp tinh todn chi sé6 CLN theo mé hinh WQI-CCME

Dé danh gia tong hop xu thé bién d6i CLN (BOD, DO, TSS, NOs—N, NH4—N, PO/ —P,
Coliform) trén toan pham vi nghién ctru dén 2030, 4p dung chi s6 WQI-CCME dugc dé xuét boi
Hoi dong Bo truong Mbi truong Canada (Canadian Council of Ministers of Environment). Bang 2
trinh bay thang diém CCME phyc vu phan loai CLN nguon tiép nhan.

JEE+F +F

Trong d6 F1 (pham vi) 14 ti 1¢ giita s6 thong s6 CLN khong dat chuan véi tong s6 cac thong so
duoc quan trac; F2 (tan sO) 1a s6 1an khong dat chuan véi tong s6 cac két qua quan tric cua tat ca cac
thong s6; F3 (bién do) 1a d6 16n cua théng s6 khong dat chuan so véi gia tri quy chudn ciia thong sb
do; 1,732 1a d6 dai cuc dai clia vecto to hop gitra F1, F2 va F3.

Bang 2. Thang diém CCME phuc vu phén loai CLN ngudn tiép nhan.

CCME Chit luong M ta
Rit t6t Khong c6 mbi de doa hodc suy yéu vé ngudn nude
80 —94 Tét Ngudn nude duge bao vé twrong ddi tot
65-179 Trung binh Nguon nude doi khi bi de doa hodc suy yéu
45 - 64 Kém Ngudn nude thuong xuyén bi de doa hoic suy yéu

O nhiém ning Ngudn nude dang bi de doa hodc suy yéu

2.3. Phuwong phap mo hinh hoa

2.3.1. Dt liéu va quy trinh tinh toan

Quy trinh tinh todn, m6 phéng CLN dugc trinh bay ¢ Hinh 3.

(a) Tai liéu dia hinh

Mit cat ngang 1ong song Sai Gon va hé thong kénh rach chinh trén dia ban huyén Can
Gio do Téng cuc Khi tugng Thuy vin (cii) — nay 1a Bo TN&MT do dac nam 2003; dong thoi
ké thira tir cac dé tai, du an khac dé cap nhép, b6 sung vao mang ludi tinh toan.

Mang lué6i song va cac mit cit ngang song duge bién tip va minh hoa ¢ Hinh 5a.b. Dé
mo phong tuong tac dong chay ving cira séng, md hinh MIKE 21FM duoc thiét 1ap gidi han
trong khu vuc ¢6 kinh d0 tir 652733 m — 775146 m va vi o tr 1126543 m — 1187750 m. D
liéu dja hinh sau khi nhap vao mé hinh dugc xac dinh bién va chia ludi tinh (ludi phi cau
tric) voi 7631 phan tir va 5342 nat ludi (Hinh 5¢). Bién cimg 1a duong b, bién 16ng 1a phan
ctra vinh tiép giap voi ving bién Viing Tau (Hinh 5d, 5e).

(b) Tai liéu thity van doi véi mé hinh Mike Nam va mé hinh thiy lyc mot chiéu Mike 11

B s6 liéu do Pai Khi tugng Thity van khu vuc Nam Bo do dac nam 2019 duoc sir dung
1am cac diéu kién bién. Bién thuong ngudn (Q~t ) 1a luu lwong xa tai hé Dau Tiéng va hd Tri
An (trung binh ngay). Bién ha nguon (H~t) 1a myc nudc tai tram Viing Tau va Tan An (muc
nuoc gio).

B s6 liéu tinh toan, HC—KD mo hinh: st dung sb liéu do dac muc nude va vén toc tai
cac tram Pht An, Tam Thon Hiép, Cira Dong Tranh va Ctra Nga Bay tir 29-31/03/2017 dé
hiéu chinh va tir 3-5/03/2018 d¢ kiem dinh md hinh.

(¢) Tai liéu thiy van doi véi mé hinh thiy lyc hai chiéu Mike 21

Sau khi HC-KD, tinh toan m6 hinh MIKE 11HD trong diéu kién mua khd, tién hanh
xuét két qua luu lugng, muc nude lam bién dau vao cho mé hinh MIKE 21HD. St dung dao
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dong myuc nudc tai bién long Nha Be va Vam Cé; st dung luu luong tai bién long Thi Vi,
st dung muc nudc gio Vam Kénh—Viing Tau tai bién long Viing Tau.

B6 sb liéu tinh toan, HC—-KP mo hinh: sit dung s6 liéu do dac muc nudce va vén toc tai
cac tram Nha Bé, Ngi Bay va Vam C6 vao 29-31/03/2017 dé hiéu chinh va 20-22/04/2019
dé kiém dinh mé hinh.

(d) Tai li¢u kich ban BDKH

Ké thira kich ban bién d6i nhiét do, lwong mua, muc nude nam 2025 va 2030 (RCP4.5,
RCPS8.5) so voi giai doan 1986-2005: muc ting nhiét do gitra cac kich ban kha dong déu,
dao dong 0,45-0,8°C [13]; muc ting lugng mua chénh I¢ch khong dang Kké, khoang 7,6—
10,4% [14]; muc NBD dén nam 2030 khoang 12 cm trong tat ca cac kich ban [15].

Pia hinh lvu vire
Diéu kién khi tuong MO Dhimk miwa Ket qua
= : — MIKE NAM Iwu leong
Kich ban nhiét do nhp bén
Kich ban rgng mwa
Mang soéng
o oo Két qua
Mt cat song D MG hinh thuy Ire ' Sl
T . tinh toan
Piéu kién bién MIKE 11 thi
uy lue
Diéu kién ban dau
Dia hinh
A P B i ) Danh gia
Céc thong s6 mé hinh |:> MB hinh thuy Iy . Két qua tic dong ciia
Bién ha lvu: VK-VT MIKE 21 thuy dong luc BDKH dén ché d¢
thiy dong lwc
Kich ban NBD l
Kich ban tinh todn
Nong do céc thong sé ; Dinh gid xu thé
CEN 'tai céc bié%l M5 hinh CLN Ket qua bién don CLN va
: MIKE ECOLAB mo phong CLN KNCT dén nam

Nong do va luu lugng 2030

nudc thai

Hinh 3. Quy trinh tinh toan chat lugng nudc bang phuong phap mé hinh hoa.

(e) Tai liéu vé chat lirong nude

Nguén thai ndi vi ving bd hién phan thanh 76 diém thai chinh, tap trung trén song Nha
B¢, Soai Rap, Long Tau va Cai Mép. Dé danh gia CLN nguon tiép nhan trong mbi quan hé
v6i XLNT va quan 1y ngudn thai tai dia phwong, cac kich ban phat thai dugc xay dung bao
g6m: Phat thai cao — TH1 (XLNT trong tuwong lai khong thay d6i so v6i hién trang); Phat thai
trung binh ~TH2 (XLNT dap tmg cac quy chuén xa thai tuong ung va muc tiéu CLN cua
ngudn tiép nhan, hudng dén myc tiéu phat trién bén viing); Phat thai thap —TH3 (XLNT dap
ing t61 da/ dat mirc cao nhét cac quy chudn xa thai twong tng nham tdi vu hoa chat luong
ngudn nude, tao dong lyc quan Iy mdi trudng tai dia phuong). Tai luong mot s6 chat 6 nhiém
trong nudc thai tai ving bd TpHCM udc tinh dén ndm 2030 duoc thé hién ¢ Hinh 4 va Bang
3. (Chi tiét dir liéu khong duoc dé cap trong bai bao nay).

Céc quy chuin tham chiéu: QCVN 08:2015/BTNMT vé chat luong nu6e mat luc dia (ap
dung c6t B1-muc dich tuéi tiéu, thuy loi); QCVN 10:2015/BTNMT vé chit lugng nuéc bién
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(ap dung cho vung nuéi tréng thuy san, bao ton thuy sinh ven b0); QCVN 11:2015/BTNMT
vé nuéc thai ché blen thuy san; QCVN 14:2015/BTNMT v¢€ nudce thai sinh hoat; QCVN
40:2011/BTNMT vé nué6c thai cong nghiép; QCVN 62:2016/BTNMT vé nudc thai chin
nuoi; QCVN 02-19:2014/BNNPTNT vé co s& nudi tom nude 1o — diéu kién bao dam vé sinh
thi y, bao vé mdi truong va an toan thyc phiam; QCVN 01-79:2011/BNNPTNT vé co s&
chan nubi gia stic, gia cAm—quy trinh kiém tra, danh gia diéu kién vé sinh tha y.

35000 ETSS =BOD COD N uTP
30000 P
g 25000
xQ
= -
< 20000
o0
5.
= 15000
R
= 10000
" l.l'l. b l
0 by L
Hién TH1 TH2 TH3 THI TH2 TH3
trang Nam 2025 Nam 2030

Hinh 4. Tai luong 6 nhidm trong nudc thai phat sinh tai ving bo TpHCM dén nam 2030.

Bang 3. Tai lugng 6 nhidém phan theo loai ngudn thai (tan).

. Hién trang Nam 2030 - TH1
Nguon thai
TSS BOD COD TN TP TSS BOD COD TN TP

Sinh hoat 466,7 3534 919.8 81,6 74,3 2.612,0 1.978,0 5.147,8 456,5 415,9
Du lich 22,1 16,8 43,6 3,9 3,5 87,2 66,1 171,9 15,2 13,9
Cong nghiép 6,6 7,2 10,4 8,9 1,1 182,0 200,8 288,7 2473 30,1
Chén nubi 210,2 336,4 504,6 56,1 21,0 219,0 350,4 525,6 58,4 21,9
Thuy san 7.854,0 8.099,5 13.253,7 1.374,5 1.227,2 17.017,0 17.548,7 28.716,1 2.978,0 2.658,9

Téng cong 8.559,7 8.813,3 14.732,1 1.524,9 1.327,1 20.117,2 20.144,0 34.850,2 3.755,4 3.140,7

Ghi chii: TN va TP lan lwot la Tong Nito va Toéng Photpho

Sau khi HC-K®, tinh toan MIKE 21HD trong diéu kién mua kho (thang 4), tién hanh
mo phong cac thong sé CLN bang médun MIKE 21ECOLAB tuong tng véi cac 02 kich ban
BPKH (RCP4.5 va RCP8.5) va 03 kich ban XLNT d4 thiét lap.

Trén co s6 sb liéu thuc do, diéu kién ban dau cua BOD, DO, TSS, NOs—N, NH4 "N,
PO,>—P, Coliform, nhiét d9, 36 mudi va van tdc gi6 1an luot dugc gan 1a 4,5 mg/l, 0,6 mg/L,
160 mg/L, 0,63 mg/L, 0,04 mg/L, 0,02 mg/L, 1/100 mL, 27°C, 28 psu va 2 m/s.

(f) Panh gia hiéu qua mé phong

Hiéu qua mé phong thuy luc: Céc thong sé mo hinh duoc xac dinh bang cach tinh toan
va thir sai. Hiéu chinh cac thong s6 dbi voi khu vue sao cho két qua tinh toan phi hop véi sb
liéu thuc do. Hiéu qua mo phong duge danh gia thong qua hé s6 Nash—Sutcliffe (NSE) va
R2, dat mirc kha va tét khi NSE va R? lan luot trong khoang 0, ,65-0,85 va trén 0,85.

Hiéu qua m6 phong CLN: dugc danh gia thong qua sai s6 giita két qua mo phong CLN
va s6 liéu thuc do tai khu vuc nghién ctru.
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2.3.2. Cac kich ban tinh toan

Céc kich ban mé phong CLN tai khu vuc nghién ctru duoc tom tit & Bang 4. Céc to hop
so sanh, danh gia nhu sau:

— Bién d6i CLN theo cac kich ban BDKH: KB2 va KB3; KB4 va KB10

— Bién d6i CLN theo thoi gian, XLNT nhu hién tai: KB1-KB3-KB4; KB1- KB11

— Bién d6i CLN theo thoi gian, XLNT dap tGng cac quy dinh: KB1-KB8-KB35

— Bién ddi CLN theo thoi gian, XLNT dap tmg tbi da cac quy dinh: KB1-KB9-KB6

— Kha ning chi phdi CLN viing bd ctia cac ngudn thai ndi vi: KB3 va KB7; KB4 va KB12.

Bang 4. Céc kich ban m6 phong CLN tai khu vue nghién ctru.

Niam  Kich ban XLNT néi vi vung bo Diéu kién bién CLN Nha B¢ KBBDPKH Ki hi¢u

2019  Hién trang Hién trang - KB1
2025 Tuong tu hién trang Tang 10% so véi hién trang RCP4.5 KB2
Téng 10% so vai hién trang RCP8.5 KB3
Dap ung quy chuan x4 thai Téng 10% so vai hién trang RCP8.5 KBg8
Dap tng toi da quy chuan x4 thai Téng 10% so vai hién trang RCP8.5 KB9
Khéng xét ngudn thai ngi vi Téng 10% so vai hién trang RCP8.5 KB7
2030  Tuong tu hién trang Tang 20% so véi hién trang RCP4.5 KB10
Téng 20% so vai hién trang RCP8.5 KB4
Tang 30% so véi hién trang RCP8.5 KB11
Tuwong tu hién trang RCP8.5 KB12
Dap tng quy chuén xa thai Tang 20% so véi hién trang RCP8.5 KB5S
Dap tng t6i da quy chudn xa thai Tang 20% so véi hién trang RCP8.5 KB6
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Hinh 5. (a) Minh hoa mit cét trén song Long Tau; (b) Mang song thiét 1ap trong Mike 11; (c) Chia
ludi tam giac trong Mike 21FM; (d) Pia hinh day cho mo6 hinh Mike 21; (e) Bién tinh toan trong
Mike 21 HD; (f) Cac vi tri dai dién CLN vung bo TpHCM.

3. Két qua nghién ciru

3.1. Két qua hiéu chinh—kiém dinh cdc mé hinh tinh toan

MIKE 11: B hé s6 nham sau hiéu chinh (tir 2060 tiy doan séng) phan bd giam dan vé phia
ha nguén (do thuong nguén c6 d0 nham bé mat cao, nhidu 16p phu thue vat va vat can, song co
nhiéu udn khuc, quanh co...), dugc dung dé tinh toan thuy luc phuc vu kiém dinh mé hinh. Bang 5
cho thay hé s6 NASH va R? kha cao (0,90-0,99 va 0,84-0,97 trong tmg véi h va v), phan anh két
qua tinh toan va dir liéu thuc do twong dbi twong ddng, di tin ciy dé mo phong thuy Iyc tai khu vuce
nghién ctu dén nam 2030, c6 xem xét cac kich ban BPKH, chu dao 13 kich ban NBD.

MIKE 21: Bang 5 ciing cho thiy két qua tinh toan phu hop véi dit liéu thyc do, hé s6 R2d céc
tram tuong dbi cao (> 0,9), theo d6, mé hinh MIKE 21 du tin cdy dé m6 phong ché do thuy luc va
lan truyén chét tuong Gmg véi cac kich ban tinh toan.
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Bang 5. Hiéu qua HC—KD mé hinh MIKE 11 va MIKE 21 d6i v6i muc nude (h) va van te (v).

Hiéu chinh Kiém dinh
Mo hinh Tram NASH R? NASH R?
h v h v h v h v
MIKE 11 Phu An 096 096 099 097 09 096 097 096
Tam ThénHigp 0,97 091 099 091 097 089 098 093
Dong Tranh 098 087 099 087 09 08 097 089
Ngi Bay 098 0,87 099 09 095 084 097 087
MIKE 21 Nha Bé - - 0,99 0,94 - - 0,98 0,93
Vam Co - - 0,98 0,93 - - 098 0,91
Ngi Bay 0,96 0,93 0,96 0,95

Mb hinh CLN: Hiéu qua mo phong CLN phu thudc nhiéu yéu to nhur phan b tai luong 6 nhiém,
do tin cdy cua két qua quan tric hay cac qua trinh phirc tap trong Modul Ecolab.. . Két qua hiéu
chinh mé hinh CLN tir 21:00, 20/04/2019 dén 21:00, 21/04/2019 (Bang 6) cho thay:

—BOD, DO, NO;—N, PO,*—P, nhiét, 6 man: sai s6 nho, két qua mo phong tin cay.

— NH4"N: sai s trung binh, két qua mé phong tuong ddi chinh xac.

—TSS, Coliform: sai s6 twong ddi 16n, do tin cay chap nhan dugc

Bang 6. Sai s6 (%) giita két qua mé phong va gia tri thuc do cac thong sé CLN.

TRAM TSS DO BOD NHs-N NOs;-N PO#—P Coliform Nhiétdd D min
Pong Tranh 21,1 1,13 022 0,002 018 0,18 42 2,3 0,63
Ngi 7 323 1,7 38 174 36 3,1 59,6 1,9 1,3
Cai Mép 96 0,82 028 001 009 0,09 6,67 1,6 1,5

3.2. Chat lwong nuwoc mat dén nam 2030 theo cdc kich ban BPKH va xir ly nuoc thai

Béang 7-8 trinh bay két qua md phong céc thong s6 CLN (BOD, DO, TSS, Coliform, NHs N,
NOs;—N va PO£—P) va chi s6 tong hgp WQI-CCME dén nam 2030 c6 xét dén NBD va cac kich
ban XLNT khéc nhau. Céc vi tri dai dién phuc vu danh gia CLN vung bo TpHCM dugc thé hién &
Hinh 5f.

3.2.1. Bién ddi CLN theo thoi gian gia dinh XLNT nhu hién tai: KBI-KB3-KB4; KB1-KB11

Ttr nay dén nam 2030, gia dinh tinh hinh XLNT khéng duoc cai thién, CLN ving bd s& suy
giam dan boi syr gia tang tai lwong 6 nhiém tir nudc thai ciia cac hoat dong dan sinh, kinh té. Bang 8
cho thay & hién trang, CCME nudc bién ven bor 14 78 (tir 47-83, chi 3/13 vi tri & murc trung binh va
kém) va nudc mit lyc dia 1a 59 (tir 26-83 v6i 8/16 vi tri & mitc kém va 6 nhiém niang). Nam 2030,
tuy CCME vung ven bién va luc dia thay d6i khong dang ké, 1an luot dat 75 va 51 (KB4), nhung
pham vi suy giam CLN m¢ rong hon, trong tmg 7/13 va 11/16 vi tri & mirc trung binh tr& xuéng.

Céc thong s6 CLN dang quan tim (KB4) nhu TSS (ham luong trong nudc mit luc dia va nudc
bién ven bd tuong duong 3-8 1an va 2,5-3,5 1an quy chuan), BOD (khoang 8,5-13,5 lan, 3-13 lan
va 2-10 lan quy chuan lan luot trén song Soai Rap, Long Tau va Vam Sat), PO4 —P (khoang 2-3
1an quy chuén trong pham vi luc dia va 2,5-3 lan quy chuan tai viing cira song d6 vao cac vinh) va
Coliform (trong duong 4,5-6 1an trén séng Soai Rap va Long Tau). Trong 6, BOD va POs—P gia
tang d4ng ké so v6i hién trang, twong tmg 123% (37-216%) va 52% (29—75%) trén song Soai Rap,

89% (12-145%) va 18% (11-25%) trén song Long Tau (Bang 7). Trong truong hop gia tang tai
lwong 6 nhiém ngoai vi (KB11), CLN vung bo cang suy giam: chuyén bién kha 15 nét (so véi KB4)
trong pham vi luc dia, nhat 1a thuong ngudn song Soai Rap va Long Tau, nhung khong dang ké tai
cac vinh va ving bién ven bd do twong tac thuy luc song-bién manh mé noi day.

Vé phéan b khong gian, cang hudng ra ving cira sdng, ven bién, sy trao dbi nudc cang duoc
tang cuong, thuc ddy qua trinh pha lodng/ khuéch tan chat 6 nhiém, theo d6, CLN dan duoc céi thién
(Hinh 6). Chi s6 CCME gitip nhan dién cac khu vire ¢6 nguy co 6 nhiém nhu song Soai Rap, song
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Long Tau, song Vam Sat (TSS, BQD, PO4*—P, Coliform), khu virc ven b Long Hoa — CAn Thanh
(TSS, PQ43j—P). CLN tai vinh Bong Tranh, vinh Ganh Rai cling nhu khu vuc cach bo 36 hai ly
tuong doi tot, thuong chiu anh hudng boi phu sa tir cac cira song (TSS).

3.2.2. Bién d6i CLN theo thoi gian gia dinh XLNT dép tmg cac quy dinh: KB1-KB8-KB5

Trong trudng hop kiém soat duge nude thai ndi vi viing bo theo cac quy chudn k thudt trong
thich, tai lwong 6 nhiém xa thai vao cac ngudn tiép nhan giam di dang ké. Theo d6, ndm 2025 so véi
hién trang (KBS vs. KB1), mét sb thong sé CLN ¢6 déu hi¢u chuyén bién tich cyc nhu BOD (giam
36-39% trén song Soai Rap va Long Tau, nhung van vuot chuan), Coliform (dap Gng quy chuan)
hogc gia tang khong dang ké nhu TSS (ludn vuot chuan). Giai doan 2025-2030, tang truong dan s6
va phat trién kinh té tai ving bo TpHCM tét yéu lam gia ting nhu cau st dung nudc cling nhu lwong
nudc thai phat sinh, tic dong tiéu cuc dén CLN ngudn tiép nhan. So v6i nim 2025 (KBS), ndng do
BOD va TSS nam 2030 (KBS5) tang 57% (26-93%) va 10% (2—15%) trén song Soai Rap, 33% (28—
46%) va 7% (2-16%) trén song Long Tau (Hinh 7a, 7b).

Nhin chung, CLN ciing phan bd tang dan vé phia bién. Nam 2030, ngudn nudc ving boy (KBS)
it nguy co 0 nhlem hon so v6i truong hop khong xem xét cai thién hiéu qua XLNT (KB4) (ca vé s6
luong théng sb, mirc d6 vuot chuan va pham vi 6 nhiém): CCME vung ven bo va trong luc dia lan
lugt1a 81 va 61, chi 1/13 va 7/16 vi tri CLN tir mtrc kém tro xubng. Cu thé, séng Soai Rap c6 CCME
dat 33 (tir 28-49), 6 nhiém nang (ndng d6 BOD, PO,*—P va TSS lan luot tuong duwong 7—12,5 lan,
2-3 1an va 4-7,5 1an quy chuan), thong tin twong tir cho song Long Tau la 57 (tir 38-83), CLN kém
dén trung binh (BOD, PO4—P va TSS khoang 1,5-9, 5 1an, 2-3 1an va 3-5,5 lan quy chuan) déi voi
cac vinh va viing bién ven by 1a 81 (tr 60-84), CLN tot (TSS khoang 2,54 1an quy chuén).

Ket qua nghién ctru chi ra ring, viéc ting cudng kiém sodt ngudn thai va XLNT trong thoi gian
to1 rat quan trong va cap thiét, dic biét trong giai doan 2020-2025, gép phan nang cao tinh kha thi
va trién vong quan 1y hiéu qua chat luong nudc mat ving bo TpHCM.

3.2.3. Bién d6i CLN theo thoi gian gia dinh XLNT dap tmg i da cac quy dinh: KB1-KB9-KB6

Két qua mo phong cho thiy day 14 trudng hop kha quan nhat vé CLN ngudn tiép nhan. Tuong
tir nhu trén, cac thong s CLN dang quan tim gdm BOD, PO4#*—P, TSS nhung cai thién dang ké vé
murc do va pham vi 6 nhiém (Hinh 7c, 7d). Nam 2030, so voi quy chuén, néng do cac thong s6 néu
trén (KB6) 1an luot twong duong 3-5 1an, 2-3 1an, 3,5-5 lan tai thuong ngudn song Soai Rap (tinh
dén hop luu véi song Vam Co), 4 lan, 1,52 lan, 3-5 lan trén song Vam Sat (gan hop luu voi song
Soai Rap) va 2,5-3 lan, 1,5-3,5 lan, 3—5 lan tai thuong ngudn song Long Tau (LT1-LT3, trude khi
chay qua khu vye rimg ngdp man). CLN tai cac vinh va vung ven bién nhin chung kha tét, dap ing
quy chuan.

3.2.4. Kha nang chi phdi CLN viing bo ctia cac ngudn thai ndi vi: KB3 va KB7; KB4 va KB12

Nham danh gi anh hudng cia ngudn thai ndi vi, CLN ving bd nam 2025 dugc md phong véi
gia dinh khong c6 tai lvong 6 nhiém dong gop tir nhitng ngudn thai nay (KB7). Két qua cho thiy,
ngoai trir TSS (twong dwong 2,5-5 lan quy chuan, Hinh 7e, 7f), 06 thong sb con lai & KB7 déu dap
{mg quy dinh dbi v6i ngudn tiép nhan. Theo d6, CCME dat mic trung binh va t6t 1an luot ddi véi
nude mit luc dia va nude bién ven bo. Xem xét dong thoi vi KB3 néu trén, ¢6 thé thiy ngudn thai
n6i vi chi phdi dang ké CLN ving bo, nhit 1a khu vuc luc dia (chénh 1éch kha 16 gitra KB3 vs.
KB7), rd nét voi BOD (trung binh 32-33 lan (dao dong 12-60 14n) trén song Soai Rap, Long Tau
va 2-3 lan trén song Pong Tranh) va PO, —P (s liéu trong tir 1a 31-35 lan va 15,5-17,5 1an). Néi
cach khac, nguon thai noi vi dong gop dang ké BOD va PO, —P vao CLN ving bd. Bén canh do,
két qua nghién ciru con chi ra sy chuyén bién tiéu cuc CLN trén toan pham vi viing bo khi gia ting
tinh trang 6 nhiém ngudn nudc ngoai vi trudc khi dén bién dau vao tai tram Nha Bé (KB12 va KB4).
(Dit lisu KB7 va KB12 khong dugc trinh bay chi tiét trong bai bao nay).
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3.2.5. Bién d6i CLN theo céc kich ban BDKH: KB2 va KB3; KB4 va KB10

Bang 8 cho thiy khong nhiéu khéc biét vé CLN gitra 02 kich ban BDKH (RCP4.5 va RCP8.5)
tai cling mot mdc thoi gian danh gia, ciing nhu giita 2 mdc thoi gian lién ké (2025 va 2030) véi ciing
mot kich ban BPKH. Diéu nay c6 thé giai thich théng qua sy thay doi khong déng ké luu luong
dong chay va d6 cao muc nudc theo sau sy it bién d6i nhiét do, lugng mua va myc nudc bién trong
thoi doan nghién ctru. Cu thé, CLN dugc mé phong voi bude nhay 5 ndm trong tong thoi gian
khoang 10 nam (tinh dén 2030) 14 khoang thoi gian kha ngan dé nhiing thay dbi khi hau va NBD
biéu hién rd nét, tirc chénh 1éch giita cac kich ban RCP va giita cac mdc thoi gian tuong ddi thip
(thuong dang ké & nira sau thé ki 21). Thém vao d6, CLN duoc mé phéng trong mua kho tai ving
ven bién nén diéu kién thuy luc chiu chi phdi cht yéu boi muc NBD trong bdi canh BDKH. Do do,
khuyén nghi chi xem xét 1 kich ban BDKH cho cac mé phong dén nam 2030.

T HO CHi MINH TR.HO CHi IS
o . S w € T PONG NAI w €

s

TINHLONG AN TINH LONG AN

TINHTIEN GIANG TINHTIEN GIANG

Hinh 6. Bién ddi nong d6 BOD giai doan 2019-2030: XLNT nhu hién trang: (a) KB1 va (b) KB4.

Bang 7. Két qua mo phong CLN viing bo dén nam 2030 theo cac kich ban XLNT va BDKH.

VI KBI - HIEN TRANG KBS - NAM 2025 KBI11 - NAM 2030
KHUVYC TR BOD DO NH¢' NOy PO TSS ColiformBOD DO NHs* NOyPO& TSS Coli BOD DO NH¢' NOyPO& TSS Coliform
song  SRI 196310 003 0427099 312542000 15337 L1 002 026 099 3267 3.900 1989 10 00 02 10 390 43000
sotiRgp S 598142 005 072 041 2804 26000 547 49 005 066 057 3008 140 1309 12 00 06 07 3276 28000
SR4 223 67 004 051 035 17,4 1900 111 67 004 057 029 1790 260 708 14 00 06 04 2541 2400
X DT 70 51 004 059 004 1822 6400 558 3,1 004 058 047 2340 210 1572 1,2 00 0,5 08 2172 9.500
v:;ngm DI3 29 69 004 059 005 1554 280 49 59 004 058 005 1661 210 350 18 00 06 02 2160 500
DT4 36 76 004 059 031 1502 530 29 78 004 059 004 1504 200 80 48 00 06 03 1565 530
) LT3 473 28 003 046 089 1561 29.000 332 1,8 003 042 042 1622 390 883 13 00 04 10 2146 30.000
32:2 LT4 248 49 004 057 075 1457 3.000 229 47 004 055 027 1533 260 552 14 00 05 10 1972 4000
Tranh DT2 36 70 004 058 015 1504 260 27 69 004 059 005 1505 200 79 37 00 06 02 1721 2%

DTS 45 77 004 058 039 1501 900 35 79 004 058 005 150,01 210 107 54 00 06 04 1552 930
LTI 1942 23 0,03 0,36 098 2302 44.000 108,7 13 0,03 032 0,98 2439 4.000 1969 1,1 0,0 03 1,0 2974 46.000
Song LT2 1459 28 0,03 037 097 2117 35000 948 19 0,03 038 087 2267 1.600 171,1 1,2 0,0 03 10 2765 39.000
LongTau LT6 198 46 004 043 058 1430 1.900 174 46 004 043 022 1521 239 496 1,6 00 04 07 1829 2.100
LT7 22 55 004 045 009 1372 290 22 55 004 045 003 1379 200 42 41 00 05 01 1523 300
TVI 24 54 0,05 057 002 1588 340 25 54 005 057 002 1579 340 24 51 01 05 00 1564 350

SThiVE ry) 22 54 005 046 002 1546 260 22 54 005 046 002 1547 260 22 51 00 05 00 1537 280
vionbae MBI 24 7170005 00 1804 260 24 69 00 05 00 1804 230 24 54 00 05 00 199 280
’T m}‘:“g MRI2 23 67 00 05 00 1613 290 23 67 00 05 00 1735 200 61 51 00 05 01 1756 300

MRI3 34 69 00 03 03 1414 530 20 72 00 03 00 1431 210 96 50 00 03 03 1540 530
MRS 34 75 00 05 02 1407 400 18 77 00 05 00 153 210 105 45 00 05 03 1694 440
Vingbién MRI4 23 76 00 03 02 1299 280 19 79 00 03 00 1603 200 11,3 53 00 03 03 1797 290
Venbd MRIS 19 67 00 04 01 1372 210 19 68 00 04 00 1678 200 51 51 00 04 01 2092 240
MR7 23 58 00 05 00 1536 240 23 58 00 05 00 1735 220 23 53 00 05 00 1959 260
MR 1,7 63 00 04 00 1388 230 16 63 00 04 00 1477 200 29 53 00 04 01 1585 240
vish MR2 19 59 00 04 00 1392 260 18 60 00 04 00 1409 240 27 53 00 04 01 1457 280
GanhR&i MR3 20 56 00 04 00 1430 230 20 55 00 04 00 1448 220 20 52 00 04 00 1519 240
MR4 23 57 00 05 01 1369 430 17 58 00 05 00 1393 210 38 45 00 05 01 1433 440
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Bang 7. Két qua mo6 phong CLN viing bo dén 2030 theo cac kich ban XLNT va BDKH (tiép theo).
KHU VI KB4 - 2030 KBS - NAM 2030 KB6 - NAM 2030
ch TRI BOD DO NH: NOy PO/ TSS Colif BOD DO NH ' NOsy PO/ TSS Coli BOD DO NH,* NOy PO TSS Coliform
s SR1 1987 1,0 0,01 0,15 0,99 397,0 43.000192,5 1,1 0,01 0,15 0,99 3764 3.600 76,7 1,2 0,01 0,15 0,99 2450 1.100
Soai Ryp SK3 129733 004 060 0,69 3259 290001057 42 0,04 0,60 0,68 3064 440 424 51 0,04 0,60 067 2469 320
SR4 70,8 6,1 0,04 0,59 041 2522 3.000 192 66 0,04 0,57 0,38 191,0 300 81 67 0,04 0,57 033 1829 240
- DTI 15321,7 0,04 0,51 0,82 217,7 9.500 132,8 1,9 0,03 0,51 0,81 361,7 360 64,9 1,8 0,03 0,51 0,81 2618 230
Vimsy D13 331 62 004059 020 2128 260 238 66 0,04 0,59 0,19 1890 210 99 68 0,04 059 0,19 1514 200
DT4 78 67 004 0,59 028 1529 530 34 7,7 0,04 0,59 005 150,6 240 2,7 7.8 0,04 0,59 0,04 1503 210
T N 057 0 B, B o5 o R B 5 i
gg:g LT4 548 3,1 1953 4.000 29,6 4,0 0,04 0,52 0,29 156,5 360 56 1466 240
T mﬁ DT2 73 64 170,6 340 50 6,7 004 0,58 0,05 150,7 240 44 68 0,04 0,58 0,05 1504 210
DTS 6,8 1522 900 28 7,8 0,04 0,59 0,06 1504 260 2,3 200
LTI 196,714 295,0 46.000 143,9 1,8 0,02 0,25 0,98 2834 3.600 47,0 2, X 2 3.000
ig:: LT2 1627 1,7 0,03 033 099 2743 36.000120,7 2,1 0,03 0,33 0,85 250,1 1.400 36,6 3, 0,84 2368 900
Taw LT6 486 3,6 004 042 065 181,0 2100 223 41 0,04 042 020 1557 300 4,1 53 020 140,7 290
LT7 40 49 004 045 0,11 1503 500 2,9 52 004 045 0,04 1383 240 1,5 57 0,04 1298 210
S.Thi TVI 2,5 54 005 0,57 0,02 1589 350 2,5 54 0,05 0,57 0,02 1594 350 2,5 54 005 0,57 0,02 1449 340
Vi TV2 22 54 0,05 046 002 1548 340 22 54 0,05 046 0,02 1574 300 22 54 0,02 137,5 270
S R ET EREEEEET] ERRLEET B
Péng MRI2 58 58 00 05 01 17,5 300 23 66 00 05 00 16,7 240 16 63 00 04 00 1538 210
Tranh MRI3 98 68 00 03 03 1452 530 22 7,0 00 03 01 1373 240 21 60 00 04 00 140,1 210
MRS 96 56 00 05 03 1535 260 23 76 00 05 01 1593 240 23 58 00 05 00 1385 210
‘;‘i‘é‘f MRI4 81 7,1 00 03 03 1804 300 21 7,7 00 03 01 1735 240 19 68 00 04 00 1603 210
Venby MRIS 47 67 00 04 01 1988 290 19 67 00 04 00 1767 240 24 59 00 05 00 1678 210
MR7 23 63 00 05 00 1835 260 23 58 00 05 00 1803 280 23 67 00 05 00 1735 200
MRI 28 58 00 04 01 1456 240 1,6 63 00 04 00 1477 240 2,0 55 00 04 00 1338 210
Zm MR2 26 66 00 04 01 1401 290 18 60 00 04 00 1409 280 17 59 00 05 00 130,1 230
R MR3 20 70 00 04 00 1439 300 20 55 00 04 00 1448 290 18 78 00 05 01 1329 230
MR4 39 59 00 05 01 1374 460 19 57 00 05 00 1393 300 19 79 00 03 00 1270 260
Bang 8. Chi s6 CLN (CCME) viing bd TpHCM dén nam 2030 trén co sé 07 thong s6 md phong.
2019 NAM 2025 NAM 2030
Khu vue Vi tri
KB1 KB2 KB3 KB7 KB8 KB9 KBI10 KB4 KB5S KB6 KB11 KBI12
Song 26 26 25 25 25
Soai Rap 42 42
: 47
Soéng
Vam Sat
Séng
Déng
Tranh
Séng
Long Tau
Séng
Thi Vai
Vinh
Déng
Tranh
Ving
bién ven
bo
Vinh

Ganh Réi
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Hinh 7. Bién d6i nong d6 mot sé théng sb CLN tai ving by TpHCM giai doan 2019-2030: (a, b)
Coliform: XLNT dap tmg quy chuan (KB1 va KB5); (c, d) DO: XLNT dép tng t6i da quy chuin
(KB1 va KB6); (e, f) TSS: c6 va khong c6 ngudn thai ndi vi (KB3 va KB7).
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C6 thé thay rang, ngay ca xur 1y toi wu nude thai ndi vi ving by TpHCM, céc ngudn tiép
nhan chu yéu trong luc dia (song Soai Rap, Long Tau) van tiém tang nguy co 6 nhiém, nhat
1a khu vuyc thuong luu, xa cira séng, khong c6 loi thé khuéch tan va pha lodng chat 6 nhidm.
Theo d6, quy hoach ngudn thai ndi vi va ting cudng kiém soat CLN ngoai vi 1 mot trong
nhiing giai phap quan trong nham quan ly hiéu qua moéi truong nude mat vung bo TpHCM
trong bdi canh phat trién khong ngimg kinh té—xa hoi doc luu vire song Sai Gon-Pdng Nai.

4. Két luan

CLN ving bo TpHCM duoc md phong dén nam 2030 véi 7 thong sé (BOD, DO, NO;—N,
NHs™N, PO4#—P, TSS va Coliform), xem xét cac kich ban khac nhau vé XLNT va NBD (RCP4.5
va RCP8.5). Giai doan 2019-2030, néu khong cai thién tinh hinh XLNT, CLN ving bd nhét 1a khu
vuc luc dia s€ suy gidm, dao dong & mirc kém-—kha, né)ng do TSS, BOD va PO tuong duong 3-8,
3-13 va 2-3 lan quy chuan. Trong trudng hop dap ung hodc dap tmg t6i da cac quy dinh vé XLNT,
CLN viing bd chuyén bién tich cyc trong giai doan 2020-2025 (BOD va POs*—P), nhung giam
dan dén nam 2030 do gia ting xa thai tir cac hoat dong KTXH. Can luu y ring, ngay ca dap ung toi
da vé XLNT, nudc mit lyc dia van c6 nguy co 6 nhiém (thugng ngudn cac séng Soai Rap, Long
Tau, Vam Sat). Nghién ctru ciing chi ra ngudn thai ndi vi dong gop dang ké BOD va PO£—P vao
CLN ving bo. Bén canh d6, cac RCP khéac nhau anh hudng kha tuong dong dén CLN tai cing mdc
thoi gian tinh toan, do vay c6 thé chi nén xem xét 1 kich ban RCP trong mé phong CLN & tuong lai
gan (dén 2030).

Pong gop ciia tac gia: Xay dung ¥ tuong nghién ctru, Viét ban thao bai bao, Chinh sira bai
bao: L.N.T.; Lua chon phuong phap nghién ctru, Xt 1y s6 lidu: T.T.H.; LAy méu, Phan tich
mau: IMHOEN.

Loi cam on: Nghién ciru nay dugc tai tro boi S Khoa hoc va Cong nghé thanh phd Ho Chi
Minh trong khu6n kh6 Nhiém vu nghién ciru KH&CN “Panh gia kha niang chiu tai cia vinh
Dong Tranh, vinh Ganh Réi va cira song Soai Rap trudc stic ép cia sy gia ting dan sb va
tang truong kinh té ctia ving ha luu hé thong séng Pong Nai”.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chap 1o1 ich trong nhém tac gia.
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Forecasting surface water quality in the coastal area in Ho Chi
Minh City to 2030 in the context of sea level rise

Le Ngoc Tuan'*, Tran Tuan Hoang?

'Vietnam National of Ho Chi Minh City—University of Science; Intuan@hcmus.edu.vn
2 Sub-Institute Of Hydrometeorology and Climate Change; hoangkttv@gmail.com

Abstract: The study aimed to assess water quality in the coastal area of Ho Chi Minh City
to 2030 (via parameters of BOD, DO, NO;—N, NH4s*—N, PO4+*—P, TSS, and Coliform) in
the context of sea level rise (RCP4.5 and RCP8.5) under different wastewater treatment
scenarios. In the period 0of 2019-2030, if the wastewater treatment situation is not improved,
areas (and related parameters) of concern would be Soai Rap, Long Tau, Vam Sat rivers
(TSS, BOD, PO4*—P), and the coastal area of Long Hoa—Can Thanh (TSS, PO4+*—P). In
case of meeting or maximal meeting the regulations on wastewater quality, the coastal water
quality would positively change (BOD and PO4*—P) in the period 2020-2025, but gradually
decrease in the following years due to the increase in discharge from economic activities. It
should be noted that, even maximal meeting the regulations on wastewater treatment,
continental (upstream) surface water would be still polluted in 2030 by BOD, PO4*—P, and
TSS (about 2-5 times as many as the standard). Results showed wastewater generators in
the research areas have significantly contributed BOD and PO4*—P into the coastal water.
It is also recommended to reduce the number of RCP scenarios when simulating water
quality in the near future due to small differences among caculating results.

Keywords: Coastal area; Surface water; Water quality; Water quality index.
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Tém tat: Cac nghién ctru vé chuyén van bun cat trong song c6 do doc day 16n gap rat nhicu
tré ngai so voi song ving déng bang do dia hinh day séng thay d6i dot ngodt va ché do dong
chay thay doi rat nhanh,... Van chuyén bun cat & cac song c6 do déc day 16n 1a mot van dé
phtre tap vi vat liéu day song thuong khong ddng nhét va chira nhiéu loai hat c6 kich thuoc
khac nhau nhu dt, soi, cudi va da tang,... Nghién ctru nay budc dau phat trién mét chuong
trinh m6 phong qua trinh bdi x6i dja hinh ddy cta cac con kénh dbc dua trén tiép can cip
phéi thanh phan hat va xem xét chuyén dong ctia hat bun cét theo phuong ngang dén qua
trinh duy tri sur 6n dinh day kénh. Cac phuong trinh thuy dong luc hai chiéu (2D) va véan
chuyén bun cat day dugc roi rac boi phuong phap sai phéan hiru han (FDM) va viét trén nén
tang ngon ngir phan mém Fortran 90. Chuong trinh phat trién dugc ap dung mé phong dién
bién bdi x6i day ctia mot doan song Teabeak, Han Quéc. Kha nang thyc hién cua m6 hinh
duoc danh gia thong qua cac chi sb théng ké NASH va RMSE. Két cac qua v6i NASH =
0,79-0,83 va RMSE = 13%-19% thé hién su phu hop ctia mé hinh da ap dung, qua dé cho
thay trién vong trién khai mé hinh cho céc nghién ctru thyc té trong tuong lai.

Twr khoa: Hinh thai; Bay kénh dbc; Sai phan hiru han; M6 hinh s6; Bun cat day.

1. Mé dau

Chuyén tai bun cat day dong vai trd quan trong ddi véi viée duy tri sy can bang va 6n
dinh long kénh dbi voi cac con kénh c6 dia hinh day doc [1-3]. Viéc hiéu 16 co ché chuyén
tai bun cat day trong cac nghién ctru ¢6 lién quan dén dién bién hinh thai kénh nhu xay dung
cac cong trinh dan dung [4-5] hay danh gi4 cAc tai bién thién nhién lam thay ddi long dan do
1l 16n sau cac con mua v6i cudng do 16n, mua do bio 14 rat can thiét [6-8]. Chuyén tai bun
cat day 1a nhan td chinh giup giit 6n dinh hay lam thay do6i dia hinh day kénh [2, 4, 9]. Cac
kién thirc vé qua trinh chuyén tai bun cat trong cic con kénh c6 dia hinh day doc van con han
ché so v6i cac nghién ciru twong tu dbi véi song co dd doc day nho, cac con séng ving dong
bang [10-12]. Mot trong nhiing nguyén nhéan chinh cua han ché nay 1a cac khao sat do dac
tryc tiép vé chuyen tai bun cat cling nhu cac déc trung thuy dong luc trong diéu kién dong
chay kénh ddc rat phtrc tap va kho trién khai [3, 13-14]. Cac qua trinh thay dong luc dién ra
trong kénh dbc kha phirc tap do do doc day kénh 16n, dia hinh déy kénh phtc tap, do sau
nudéc doc theo truc dong luc chinh thay doi dot ngodt, va day song chira nhiéu loai kich thude
vat liéu day dan xen [3. 5. 7]. Theo [14], su hiéu biét cta con nguol vé cac dic trung thiy
dong luc ciing nhu bién d6i hinh thai séng c¢6 d6 doc thap khong dé dang vén dung cho cac
kénh c6 dia hinh day doc. Mot trong nhitng nguyén nhan chinh 13 vi cac yéu té kiém soat
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viéc van chuyén bun cat trong kénh ddc phire tap hon nhiéu so véi kénh c6 d6 doc nho va
kién thirc hién tai ctia chung ta vé dong chay kénh doc van dang trong qua trinh hoan thién
[14-16]. Ngoai ra, dia hinh day vdi cac thanh phan vét liéu c6 nhiéu kich thudc khac nhau tir
cat, soi, da cudi va tham chi 1a d4 tang da lam tang tinh phuc tap cia yéu t6 nham, mot trong
nhirg nhan t6 chinh 1am can trd sy di chuyén cta dong nude & cac kénh doc va 1am giam
nang lugng san c6 ctia dong chay dé cudn bun cat theo n6 [2, 17-18]. Bai vi bun cét ciing 1a
mot nhan t6 chuyén dong dira vao chuyén dong ctua dong nudce [10, 19-20]. Pia hinh day cia
cac con kénh ty nhién dc thuong anh huong dang ké dén qua trinh di chuyén ciia bun cat
day [7, 21]. Thém vao d6, dong chay trong cac con kénh dbc o van toc dong 16n va vat liu
mang theo né thuong c6 phén b6 kich thude da dang co thé chira vat ligu tir bun, cat, soi cho
dén da cudi [2, 22].

Trong nhitng ndm gan déy, cac nghién ctru lién quan dén qua trinh thuy dong luc, van
chuyén bun cat va bién d6i long dan ciia cac con kénh doc thuong dua vao mo hinh s6 [23—
24]. That viy, mé hinh sé d4 tré thanh cong cu hitu ich dé hd trg nghién ciru cac van dé van
chuyén bun cat va bién d6i hinh thai d6i véi cac kénh déc [23— 25]. Nam 2004, [26] da xay
dung mo hinh s6 tri mot chiéu (1D) md phong dong chay va chuyén véan bun cat trong kénh
c6 day ddc. M6 hinh c6 tén goi 3-ST1D— Steep Stream Sediment Transport 1D model duoc
phat trién co6 thé 4p dung mé phong dong chay thay doi theo thoi gian. Trong mé hinh nay,
mo—dun thuy dong luc dugc phat trién dua trén hé phuong trinh Saint—Venant trong khi
module bién d6i hinh thai dua trén tiép can bun cat day da cip phdi thanh phan hat. M6 hinh
da duogc 4p dung thir nghiém cho hai truong hop kénh nhan tao va mét truong hop kénh tu
nhién c6 d6 dbc day 16n. Cac két qua da thé hién kha ning ap dung tét cho cac trudng hop
kénh c6 day déc ctia mé hinh. Nam 2005, [21] d4 phat trién mot mé hinh toan hoc dé nghién
ctru nhirng thay 601 quy mé dai bién dbi long dan ctia mot con kénh déc c6 dia hinh day kénh
phirc tap va van toc dong chay co sy bién doi 16n. Trong nghién clru nay, nhom tac gia da su
dung hé phuong trinh lién tuc va van chuyén bun cat dua trén tiép can cAp phdi thanh phan
hat bun cat day.

Gan day, [27] da phat trién mot mo hinh s6 1D cho muc dich mé phong qua trinh boi
x6i long dan 4p dung cho con kénh Chashma, Pakistan dua trén phuong phéap sai phan hiru
han MacCormack dé giai cac dong chay. Hé phuong trinh Saint—Venant véi gia dinh dong
chay thay d6i theo thoi gian va cac phuong trinh chuyén van bun cat dya trén dinh luat bao
toan khdi luong di duoc ap dung. Voi so d6 giai MacCormack c¢6 d6 chinh xac bac 2, mé6
hinh d3 mo phong bién d6i hinh thai kénh Chashma kha tot thong qua so sanh cac ket qua
thu dugc gitra mo hinh mé phong va dir liéu do dac. Ngoai ra, cac két qua thu duoc vé luu
luong, d6 sau nude va thay d6i muc day kénh so sanh voi két qua da cong b trude dé cho
cho thiy rat dang tin cdy. Gan day nhat, [28] da nghién ctru méi lién hé gilr cac ddc trung
thity dong luc dong chay va van chuyén bun cat trong mot dong kénh dbc mién nai. Nghién
clru cua nhom tac gia dugc xay dung trén y tuong thiét 1ap chuong trinh tinh toan xem x¢t ca
truong hop day kénh cb dinh va di dong. Cac tinh toan dugc thiét 1ap dua trén viéc xac dinh
cac yéu to klem soat qua trinh van chuyén bun cat day trén nén day kénh di dong. Cac tac gia
da bao céo rang, thong qua tién hanh thyc nghiém da gitp cai thién dang ké hiéu biét vé cac
qua trinh thay dong luc va chuyén van bun cat trong kénh tu nhién.

Nam 2018, [29] da m6 phong chuyén van bun cat cho mot mot kénh & Trung Qudc dua
trén mo hinh thiy dong luc hai chiéu (2D) va phuong trinh chuyen tai bun cat day. Trong
nghién ctru nay, nhom tac gia da cai tién va ap dung phuong phap thé tich hiru han véi so d6
Godunov dé giai cac phuong trinh thuy dong luc va van chuyén bun cat ddy. M6 hinh cai
tién da duoc ap dung thtr nghiém cho trudng hop dir liéu thue nghiém tir mo hinh vat Iy va
két qua chi ra rang mo hinh s6 da cai t1en la dang tin c@y. M0 hinh s6 sau d6 dugc ap dung
md phdéng bién d6i hinh thai kénh thuc té va d3 két luan rang vi tri x6i1 1¢ va hinh thai song
bi chi phdi boi mure nuée ha luu. Hon nita, nghién ciru ciing chi ra rang hinh thai va qua trinh
boi lang long séng bi chi phdi boi muc nudce ha luu thay doi, gy ra su bién dang day song.
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Trong nghién ciru ndy, mot mo hinh s6 2D dugc phét trién cho myc dich mo phong hinh
thai day kénh trong céc kénh ddc, noi vét lidu day c6 phan b kich thudc 16n va chuyén dong
theo phuong ngang cua day theo phuong ngang dong gop dang ké dén qua trinh duy tri sy
6n dinh day kénh . Chuong trinh dugc xay dung bao gobm mot moé—dun dong chay va mo—
dun mo phong bodi x6i day dua trén tiép can theo cap phdi thanh phan hat bun cat ddy. Mo—
dun dong chay dugc xay dung dua trén hé phuong trinh Saint-Venant 2D trong h¢ toa do
Descartes. Mo—dun van chuyén bun cat xay dung dya trén cong thic luu lugng bun cat day
cap phdi thanh phan hat. Chuwong trinh duoc xdy dyng trén nén phan mém Fortran 90.

2. Phuwong phap nghién ciru

2.1. Cdc phwong trinh thuy dong luc chu dao

Céc phuong trinh nuéc nong theo hai chiéu duge miéu ta nhu sau:
L4 V.FWU) =SW) (1)

Trong d6 t 1a thoi gian (s); U = U(x, t) 1a vector chuyén ddi giita cac bién va duogc xac
dinh boi phuong trinh (2).
=1lh, hu hv]T )

Trong do t 1a thoi gian (s); u, v 1a cac thanh phan van toc theo huéng x va y.
Céc thanh phan thong luong F(U) = [E(U) G(U)] trong phuong trinh (1) dugc xac
dinh boi phuong trinh (3)

T
EWU) = [hu hu? + = gh? huv ]
(3)
T
G(U) = [hv huv hv? + %ghz]

Trong d6 h 1a @ sau nuwéc (m); u va v 1a cac thanh phan vén tc theo huéng x vay va g
1a gia tbc trong truong (m/sz)

Theo d6 s6 hang nguén S(U) trong phuong trinh (1) 1a ham chira cac bién vat Iy nhu gid,
ung suat tlep tuyén bé mit giita khong khi va bé mit nudc, luc Coriolic, do déc day kénh va
{mg suit bé mit day. Voi xem xét do dbc day kénh va img suat bé mat day la cac nhan tb
quan trong chi phéi qua trinh x6i 1¢ va bdi tu day kénh. S6 hang ngudn duge xac dinh theo
phuong trinh (4).

SU) = Sp(U) + Sp(U) 4

Trong d6 S, (U) va Sg(U) trong phuong trinh (4) duge miéu td boi phuong trinh (5)
T
sswy=o  -ght  -gn
y
) LT )
Sf(U) = [0 —;fo _;Tfy]

Trong d6, z 1a myc day kénh, p 1a ty trong nudc (kg/m?), Try, 75, lan luot 13 cac thanh
phan ung suat truot ddy theo phuong x va y va dugc tinh dua trén h¢ soO nham day kénh
Manning.

v (6)
_ nhw G
- 1

h3

Tfy
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n trong phuong trinh (6) 1a hé sé nham Manning. He ,sé nham Manning phu thudc vao
do nham day kénh va dugc xem la mdt trong nhitng yéu t6 chinh chi phoi su di chuyén cta
dong nude. HE s6 nham Manning dugc xac dinh boi phuong trinh (7).

_ 1,176 5 |fbw
n=nh d/gg (7)

Trong do g 1a gia toc trong trudng (m/s?); d 1a duong kinh hat bun cat ddy (mm) va foy
la tham s6 duoc xac dinh bdi phuong trinh (8).

0.242
fow =" ®)

2
lo 12h
g k.
Trong phuong trinh (8), h 1a d6 sdu nudc (m) va Ks 1a hé s 6 nham cua hat bun cét
day, dai dién cho gia tri trung binh duong kinh vat liéu day.

2.2. Cdc phwong trinh béi x6i déay kénh va chuyén van bin cdt day

Tbec dod thay ddi dja hinh day ctia mét con kénh do bun cat bi cudn troi hay bdi tu 1a yéu
t6 then chdt dé xac dinh dién bién ciia 10ng song. Cac phuong trinh mé phong dién bién x6i
16 hay boi tu day séng cho cac khu vyc c6 dia hinh day doc thuong duya trén chuyén van bun
cat day [30-31]. Phuong trinh lién tuc bun cat day dugc xay dung c6 dang phuong trinh (9).

aZ,
(1-pZ+7,,=0 9)

Trong d6 p 1a d rong cua vat liéu day (thudng duoc chon gia tri tir 0,35 dén 0,4), Zy l1a
muc day di dong va gsb = (qsbx, gsby) luru lwgng bun cat day theo phuong x va phuong y. Luu
lugng bun cat day trong nghién ctru nay st dung cong thirc ban thuc nghi¢m Park (2012) [31]
va duge viét nhu sau:

Qtbs = ZP:l Asbi (10)
s = YV 9(os — Dd3q5 (11)
qZ = 0.001577; %418 (g7 — 73)0307 (12)
.7 0.545
755 = 0.0308 (7, ) (13)
* Th
H T Yo-nd; (14)

Trong d6 qus trong cong thire (10) 13 tong luu lwong bun cat dy (kg/s); qsb trong cong thirc
trong cong thire (11) 14 Iuu lugng bun cat img mdi cap kich thude hat di va g, 14 luu lugng bun
cat day khong thir nguyén tng véi cap hat i; g 1a gia tdc trong truong (m/s?); dm 12 kich
thudc hat bun cat trung binh chiém 50% thanh phan hat min (mm); " 1a ing suat cat Shields
khong thir nguyén ctia chuyén dong téi han; 13 img suét cit day khong thir nguyén; o 13 ty sb
khong thtr nguyén gitta 84% kich thude hat bun cat tho va 16% kich thudc hat bun cat min va
os 1a ty s6 khong thir nguyén giita trong lugng riéng ciia bun cat day va ciia nude.

1

dga\2 Ys
t =7HS; 0, = ()5 0 =& (15)

Trong d6 H 1a d6 sau nudc (m); dm 1a kich thudc hat bun cat ddy (mm); S 1a d6 déc mat
nudc; vs va y 1a trong luong riéng ctia hat bun cat day va ciia nude (kg/m?).
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2.3. Xt Iy anh hudng ciia chuyén dong theo phwong ngang ciia hat bin cdt

Céc nghién ctru da cong bd gan day [5, 8, 14] chi ra rang, d6i véi cac con kénh déc,
chuyén dong ctia hat bun cét theo phuong ngang dong gop dang ké vao qua can bang hinh
thai day kénh. Theo cac nghién ctru duoc cong bd [17, 25, 32], cac md phong bdi x6i 10ng
dan chi 4p dung cong thirc x4c dinh luu lugng bun cat day theo phwong x (phuong dong chay
chinh) ma bo qua céac chuyen dong cua hat bun cat theo phuong ngang (Hinh 1). Trong nghién
clru ndy, ngoai xem chuyén dong bun cat theo phwong dong chay chinh (phuong x) thi chuyén
dong ctia hat theo phurong ngang (phuong y) ciing duge xem xét. Theo d6, chuyén dong ciia
hat bun cat theo phuong x va y dugc xac dinh boi ham:

qsp = (bei: Qbyi) (16)

Trong d6 qsbx va gsby dugc xac dinh bdi phuong trinh (17):
{qui = (spicosa

Qbyi = QsbiSinaA (17

Vo

-
>
Xt

Hinh 1. Minh hoa huéng dong chay va luu lugng bun cat day theo phuwong x, y trén bé mit day
nghién theo phuong ngang.

Trén hinh 1, hai lyc duge tinh dén dé xac dinh huong van chuyén cua hat bun cat. Trong
do, Fp 1a lyc can thuy dong luc hoc song song v6i dong chay va Fy la trong luong cua hat
bun cat khi chim lang theo phuong thang dung va chung dugc xac dinh boi phuong trinh
(18).

(18)

Chuyén dong c6 dinh huéng (chuyén dong theo phuong ngang) trén mat phang nghiéng ciia
hat bun cat dugc xac dinh bdi phuong trinh (19).

Fpxp = Fpcosa
Fpyb = Fpsina

) 1 0Oz,
sine, ———~—~
tano, = f (IT ) Sx (19)
cosa, —— %
"of () oy

Trong phuong trinh (19), f, (r* ) la mot ham trong s6 ban thuc nghiém, dugc xac dinh dya

trén duong kinh hat bun cat day, do sau nude va t* la ing suét cit Shields khong thir nguyén.
Cu thé, ham fs trong phuong trinh (19) dugc xac dinh béi phuong trinh (20).

£ =9(%j 7 (20)

h

2.4. Thii tuc gidi cdc phwong trinh dong chay va vdn chuyén bin cdt déy

Cac phuong dong chay va van chuyén bun cat dugc giai boi phuong phap FDM trén nén
lué6i cdu tric so le (Hinh 2) trong hé toa do Descartes [32-33]. Trong do, cac xap xi sai phan
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tién bac 1 theo thoi gian (At) va xap xi sai phan trung tim bac 2 theo khong gian (Ax, Ay)
duoc st dung dé roi rac cac phuong trinh. Cu thé, d6i voi ludi so le da ap dung, do sau nudc
(h) duoc tinh tai 6 ndt chinh (i, j), (i+1, j), (i, j—1). v.v. (trong khi cac thanh phan vén toc (u,
v) duoc tinh tai cac 6 c¢6 chi s6 budc tinh 16 + 1% Ax va + %Ay tai cac nut ludi (it+'4, j), (-,
1), (i, j*%2) va (i, j—2) (Hinh 2).
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Hinh 2. Minh hoa luéi so le theo so d6 Marker va Cell sir dung trong giai roi rac hé cac phwong trinh

dong chay [32].
2.5. Cdc diéu kién dau va diéu kién bién

Pé thuc hién qué trinh tinh todn, cac diéu kién ban dau 1a can thiét 1ap cho tat ca cac mo
phong. Cac diéu kién ban dau dugc xac dinh tai moi diém trong mién tinh toan nhu mot gia
tri phong doan ban dau trong quy trinh giai bang phuong phap lap lai. Cac diéu kién nay bao
gdm do sau nudc (h), cac thanh phan van téc (u, v) theo hudng x va y va ludi thury luc hay
con goi 1a ludi dia hinh. Dé giai cac phuong trinh tir (1) d&én (10), gi tri ciia d6 su nude (h)
va cac thanh phan van tdc (u, v) tai thoi diém ban dau can dugc cung cip. Cu thé, tai bién
vao, thanh phan van tdc theo phurong x duoc cung cép tryc tiép, trong khi phan van tdc theo
phuong y tai nut luédi (i = 0, j = 3/2) dugc tinh theo phuong trinh (21).
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Trong d6 cac thanh phan vén toc theo phuong y tai cac nit ludi vy, vz duge xac dinh
boi nguoi chay m6 hinh (Hinh 3). Tai bién ran, médc du trong thyc té khong ton tai thanh phan
van toc phap tuyén voi bd kénh nhung theo so d6 Marker va Cell, thanh phan vén téc theo
phuong y tai nit ludi (i = 1, j) s& duoc thiét 1ap boi dao ham boi phuong trinh (22).

Vl,j = ZVZ’]' - V3.j (22)
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Hinh 3. Xac dinh cac thanh phé‘m vén tdc tai cac bién ran va long [34].
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Quy trinh cac budc thyc hién qua trinh mé phong bién d6i hinh thai kénh dugce miéu ta
trong hinh 4.
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Hinh 4. Quy trinh cac budc thyc hién qua trinh mo6 phong ciia mé hinh.

2.6. Ap dung mé hinh mé phéng bién déi long dan doan séng Teabeask

Khu vie nghién ctru 1a mot doan kénh co tén goi Taebaek, thudc song Yangyang nam &
phia dong nam tinh Gangwon, Han Quéc (Hinh 5). Khu vyc doan song nghién ciru dic trung
boi dia hinh dbc v6i do dde trung binh 16n hon 2,5% thudc song mién nti Taebaek co do cao
1,549 mét bén trén myc nudc bién trung binh [30-31]. Khu vuc doan song nghién ctru ¢6 luu
luong dong chay thap trong didu kién thoi tiét binh thudng, tuy nhién luu lugng dong sé ting
nhanh va gay 1ii de doa cac cong trinh dan dung ciing nhu céc khu dan cu ven song khi khu
vue xuat hién nhitng con mua to, hay mua trong bdo [30-31].
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Hinh 5. Minh hoa khu vure nghién ctru véi cac cac bé tri khao sat dic trung hinh thai day kénh trude
khi xay ra sy kién Iii (Ngudn: Google earth).

Mac du khu vuc doan kénh nghién clru ¢6 mua hang ndm trung binh trong khoang hon
1,300 mm, tuy nhién khu vuc c6 thé xuét hién lii gy anh huong nghiém trong khi xay ra mua
to hay mua trong bdo (Hinh 6). Nghién ctru nay tién hanh mé phong dién bién dia hinh day
sau mot con mua to gay lii tai khu vuc nghién ctru giai doan tir 01/07/2018 dén 01/11/2018
(Hinh 6).

120 1400

— 1200

r ~ 1000

~ 800

=)
3
1

= 600

/ - 400

0 N N

- 0
T T T
01/06/2018 01/07/2018 01/08/2018 01/09/2018 01/10/2018

S
S
1

Phan b6 mua hang ngay (mm)
1 1

Duong cong tich liy mua (mm)

)
S
1

Hinh 6. Phan b6 mua hang ngay tai khu vuc doan séng nghién ctru va dudng cong tich lily mua gay
1 cho khu vye tir 01/07/2018 dén 01/11/2018.

Khao sat dit liéu dia hinh day kénh duoc tién hanh bang thiét bi may thity binh Sokkia—
C32 truoc su kién 1 phuc vu xay dung ludi thiy lyc cho mo hinh (Hinh 7a) va ban dd dia
hinh dugc xay dung tir dir li¢u khao sat dugc minh hoa (hinh 7b). Dt li€éu muc nudc tai bién
vao duoc thu thap boi thiét bi cam bién bi tu ghi (Hinh 8a), trong khi dir liéu phan bd dudng
kinh hat bun cat day phuc vu chay mé phong mé—dun bién d6i hinh thai day séng duoc minh
hoa ¢ hinh 8b.
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Hinh 7. B6 tri khao sat a) cac mat cit ngang thu thap dit liéu hinh thai va b) xay dung luéi thiy luc
cho khu vuc doan song nghién ctu.
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Hinh 8. Thu thap dit liéu dau vao phuc vu mé phong mé hinh a) muc nudce tai bién vao va b) phan
bd kich thude hat ban cac day tai khu vyc doan séng nghién ctru.

3. Cac két qua va thao luin

3.1. PBanh gia kha nang ap dung cua mo hinh

Céc két qua mo ‘phong cua mo hinh dé dugce so sanh v6i dit liéu do dac phan phé luu
lwong nudc trong sudt thoi gian mé phong sy kién 1i (Hinh 9). Cu thé, cac phan tich mic do
phu hop gitra dit liéu do dac luu luong nude va két qua mé phong tir mé hinh théng qua chi
s6 NASH va sai s6 binh phuong trung binh (RMSE) cho cac gia tri tuong tng 0,82 va 13%
(Hinh 9). Nhin chung, cac két qua mé phong luu lugng dong tir chuong trinh da phat trién
cho tri s6 thap hon so véi dit liéu thuc do, tuy nhién mé hinh d& mé phong xu thé 1i phu hop
v6i dit liéu thuc do nhung cham pha hon so véi dién bién thuc té cta con 1d (Hinh 9).

Nhu ching ta da biét, vat liéu day séng c6 lién quan mat thiét dén hé s6 nham va la yéu
t6 chinh chi phdi chuyén dong cua dong nude. Mot trong nhirmg nguyén nhéan chinh dan dén
luu lwgng dong chay mo phong tir m6 hinh c6 su tré pha va tri s6 dinh luu luong dong nho
hon so véi tri s6 thyuce do ¢6 thé do phén b phtrc tap ciia vat liéu day song ma m6 hinh chua
thé hién duoc hét dic tinh phirc tap ay trong qua trinh tién hanh mé phong dan dén stic can
tré dong chay cua bé mat day phirc tap hon so véi thiét 1ap tir mé hinh.
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Hinh 9. Danh gia kha nang thuc hién cua mo hinh thong qua so sanh luu lugng dong do dac va ket
qua mo phong.

3.2. Danh gid kha ndng mé phong béi x6i dia hinh day

Céc két qua mo phong dién bién boi x6i dia hinh day kénh sau mot sy kién mua gy 1i
(01/11/2018) tir m6 hinh cling dugc so sanh vo1 dir liéu do dac (Bang 1). Cu thé, _ phan tich
mirc d§ phu hop ciia mé hinh md phong bdi x6i dia hinh tai cic mit cit ngang s6 4, 5 va 6
(Hinh 7a) théng qua céc chi s6 thong ké voi NASH = 0,79-0,83 va RMSE = 13-19% (Bang

).
Bang 1. Panh gia kha ning thuc hién cia mé hinh mé phong dién bién bdi x6i day kénh thong qua
céc chi s6 thong keé sai sb.

Chi s Mt ciit 4 Mt ciit 5 Mt ciit 6
NASH 0,79 0,83 0,80
RMSE 19% 13% 16%

Nhin chung cac két qua md phong bién doi boi x6i dia hinh ddy kénh tir mé hinh phu
hop voi dir liéu do dac thong qua cac chi sé danh gia sai sd. Tai cac mit cit ngang c6 thu
thap dir liéu thuc té so sanh voi két qua tir mo hinh md phong déu cho thay mirc do phi hop
tot. Thém vao do, cac két qua phan tich xu thé bdi xo6i va x6i 10 cuc dai xay ra tai bo phai cia
ctia doan kénh nghién ctru, cu thé 1 tai cic mat cat ngang sb 4, 5 va 6 (Hinh 10a—10c) déu
cho thiy su phu hop ctia m6 hinh mé phong véi dit liéu thuc do.

4. Két luin

Nghién ctru dd xay dung chuong trinh mé phong dién bién bdi x6i day kénh dua trén su
két hop cuia cac phuong trinh Saint—Venant 2D trong hé toa do Descartes va phuong trinh
van chuyén bun cét, phuong trinh thay d6i muc bé mit day. H¢ théng cac phuong trinh dugc
giai bang phuong phap phén sai phan hitu han v6i ludi cau tric so le. Chuong trinh duge viét
trén nén ngoén ngtr Fortran 90. Chuong trinh duoc ap dung mé phong bdi x6i day kénh cho
mot doan kénh c6 dia hinh day ddc thudc séng Yangyang, Han Qudc. Kha ning thuc hién
cua mo hinh dugc danh gia thong qua cac chi dﬁn sai s6 cho thdy kha phu hop, tuy nhién, két
qua mo phong thiy dong luc tir mé hinh c6 tri s gia tri dinh luu luong thdp hon so véi dir
liéu do dac va cac chuyen dong cua dong cling c6 su tré pha so v6i dit lidu do dac. Nhin
chung, viéc phat trién mot chwong trinh mé phong cac qua trinh thiy dong lyc va dién bién
bdi x6i long dan gitip cac nha nghién ctru d& dang thyc hién muyc tiéu riéng can dat dugc ma
cac m6 hinh thuong mai chua dap tmg dugc. Tuy nhién, viéc xdy dung mét chuong trinh tinh
ap dung cho mot nghién ctru cu thé gip rat nhiéu tré ngai, cic giao dién trinh bay cac ket qua
nghién ciru thiéu linh hoat so v6i cac mé hinh thuong mai. Thém vao do, qué trinh tién hanh
mo phong tir md hinh mat kha nhiéu thoi gian cta cing cong viée so voi mé hinh thuong
mai.
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Hinh 10. So sanh két qua md phong bdi x6i day kénh sau sy kién 1ii tai cic mat cit ngang 4, 5 va 6
(Hinh 7a) twong wéng véi cac hinh a, b va ¢ vao ngay 01/11/2018.

Pong gép cha tac gia: Tac gid da xay dung y tudng nghién ctru, lya chon phuong phap
nghién ctru, viét ban thao bai bao.

Loi cam on: Nghién ctru ndy dugc thuc hién dudi sy tai trg ciia dé tai nghién ctru khoa hoc
ma s0 B134571-07. Tac gia tran trong cam on sy ho trg cia Gido su Park Sang Deog va céac

dong nghiép tai Phong nghién ctru Bong lyc séng ngoi, Pai hoc Qudc gia Gangneung-wonju,
Han Qudc cho cac gop ¥, hd trg dit lidu sudt qua trinh thyc hién nghién ciru nay.

Loi cam doan: Tac gid cam doan bai bdo nay la cong trinh nghién ctru cia chinh tac gia,
chua dugc cong bd ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co su
tranh chap loi ich trong nhom tac gia.
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Development of 2D numerical model to simulate bed level
variation in the steep slope channels
Dang Truong An!"

! University of Science —Vietnam National University-HCM City, 227 Nguyen Van Cu,
District 5, HCMC; dtan@hcmus.edu.vn

Abstract: Studies on sediment transport in rivers with steep bed slopes are facing several
obstacles compared to delta rivers due to sudden changes in riverbed topography and rapidly
changing flow regimes, etc. Sediment transport in rivers with steep bed slope is a
complicated problem because the riverbed material is often heterogeneous and contains a
variety of particles of different sizes such as soil, gravel, pebbles and boulders, etc. This
study, therefore, initially develops a computer program to simulate the bed level variation
processes in the steep channels based on the grain size fraction approach together with
considering the horizontal movement of sediment particles to the bed channel maintenance
process. The two—dimensional (2D) hydrodynamic equations and bed load sediment
transport are solved by finite difference method (FDM) and written on the software language
Fortran 90. The developed program is, then, applied to simulate the bed level variation in
the Teabeak River section, South Korea after a severe flood event. The performance of the
developed model is evaluated through the NASH and RMSE statistical indexes. The results
carried out with NASH = 0.79-0.83 and RMSE = 13%—-19% confirmed the appropriateness
of the developed model, thereby results indicating the prospect of the model deployment in
the future.

Keywords: Morphology; Steep channel; Numerical model; FDM; Bedload sediment.
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