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PAI KHi TUQONG THUY VAN KHU VUC NAM BO
30 NAM HINH THANH VA PHAT TRIEN

ron ba muoi nam trudc, Pai Khi tugng Thiy van khu vec Nam Bo vinh

du duoc thanh l4p theo Quyét dinh s6 133/TTg ngay 30/3/1993 ctia Thi

tudng Chinh phu, trén co s& sap nhap 13 Pai KTTV céc tinh tai Nam BJ.
bai Khi trong Thity van khu vec Nam Bg 1a don vi d4u tién dugc thanh 18p theo mo hinh
t6 chirc méi cua Nganh Khi twong Thiy van Viét Nam, voi nhiéu khé khin, co s& vat
chét con nghéo nan, trang thiét bi thiéu thén, han ché, trinh d6 ddi ngii quan tric vién
khong déng déu, noi thira, noi thiéu, lai hoat dong trong bdi canh diéu kién ha t?lng cO SO
ctia khu vuc vao thoi diém d6 con nhiéu yéu kém, giao thong di lai kho khin, nhét 13
trong mua mua I{i.

Dugc sy quan tdm cua Pang va Nha nudc, chi dao satsao cia B§ Tai nguyén va Moi
truong va Tong cuc Khi trong Thuy van, Dai 3 khong ngimg nd luc phan d4u, khic
phuc nhitng kho khén, hoan thanh cac nhi€ém vu dugc giao, phuc vu kip thoi, hi¢u qua
cong tac phong, chbng thién tai, phét trién kinh té - x4 hdi va bao dam qudc phong an
ninh cta d4t nuée. Trong subt 30 nim hoat dong, Pai di dat dwgc nhiéu danh hiéu thi
dua, phan thudng cao quy: Huan churong lao dong hang Ba (c6 tir khi con Dai TP H Chi
Minh), Huén chuong lao déng hang Nhi (ndm 1997), Huan chuong lao dong hang Nhit
trong dip ky niém 10 nam thanh 1ap (nim 2002) va nhiéu 1an duoc ting Co thi dua xuit
sic cia Chinh pht, Bo Tai nguyén va Méi truong, Tong cuc Khi tugng Thiy van.

Nhiéu du 4n d3 duoc Dai trién khai nhim ning cao ning lyc chuyén mén, voi hé
thdng may méc, trang thiét bj va céng nghé di dugc trang bi, ning cip d6ng bd gdbm: Ra
da thoi tiét, tham khong vo tuyén, hé théng thong tin, dién bao, quan tric khi tuong,
thuy van, moi trudng va truyén s liéu tw ddng, 14 nhig thiét bi, cong nghé hién dai,
tién tién trén thé gii. Ung dung cong nghé Al nang cao chit luong du bdo va cai tién
chét lugng cong tac du bao theo hudng dinh luong hod, tu dong hoa va hién dai hoa.
Mang luéi quan tric, tir s6 it tram thii cong dén nay da c6 336 tram khi twong thiy
van, moi truong tu dong. Tich hgp cac mo hinh dy bao s6, két hop Rada, sb liéu quan
tric tu dong vao nghiép vu du bao, tir d6 nang cao chét lugng du béo bao, trién khai
du béo thoi tiét diém, ning néng, han han d3 dat dugc theo yéu cAu cta xa hoi; dbi
v6i du béo, canh bao lii cung cdp hang ngdy cho cong ddng véi ban tin tdng hop
trugt 5 ngly cho toan bd 63 tram thiy vin trén dia ban 13 tinh Pdng bing song
Ctru Long; TP Hd Chi Minh va céc khu vuc d6 thi & Nam B duoc cung cép cac ban
tin du bdo, canh béo vé triéu cudng, nude dang, du bao khi twong thiy vin bién, dic
biét 13 thoi tiét bién khu vuc quin dao Trudng Sa, nha dan & ving bién phia nam cia
T6 quéc, gép phan bao vé chu quyén bién dao va phuc vu hiéu qua viéc phat
trién kinh té bién.

Hop tac qudc té duoc Dai ddy manh phat trién dé nang cao ning luc véi Uy hoi song
Mé Céng; Hop tic v6i Pai Khi trong Gwangju, Han Quéc nghién ctru, img dung thir
nghiém chi s AKI vao nghiép vu du bdo mua cho Thanh phé Hd Chi Minh trong
mua



mua 2019; Hop tac voi td chirc quéc té GIZ dé nang cao nang luc du bao, canh bao; Phéi
hop v6i S& Tai nguyén va Mbi trudng Thanh phd H6 Chi Minh trao ddi dé xuét hop tac
phat trién hé thdng du bao thoi tiét thuy vin gitta Thanh phé HS Chi Minh va thanh phd
Osaka. Két qua tir nhitng sy hop tic ndy da gép phan gitip Pai dat duge mot sb thanh tich
quan trong, md ra nhiéu hudng tiép can, phét trién trong nhitng nam tiép theo.

Trong nghién ctru khoa hoc, tir nim 2016 dén nay v&i phong trio thi dua “Ddy manh
ung dung khoa hoc cong nghé thuc hién dy bdao canh bdo thién tai phuc vu cong do”‘ng”,
Dai d3 trién khai c6 két qua vé6i: 04 dé tai cip Bo; 02 dé tai cip co s va 05 dé tai cip tinh
vanhiéu sang kién cai tién ctia cac can b vién chirc hang nam.

V& cong tac phuc vu, Dai d4 c6 su lién két, gin 1ién va phbi hop dé phuc vu yéu cau
phong chéng thién tai va phat trién kinh t& & cac dia phuong khu viee Nam Bo. Thong
qua ddy manh tuyén truyén, Pai da dwa cac thong tin khi twgng thily vin, ban tin canh
bdo, du bao dén g?ln va phuc vu tdt ngudi dan, cong tac phuc vu dugc céc 1anh dao, sé
nganh dia phuong danh gia rit cao thé hién qua hd trg nhidu mit cho cc Pai khi tuong
thiy van tinh. Bén canh d6, thong qua cac Hoi nghi téng két va nhan dinh mua do Pai td
chirc hing niam, cic dia phuong déu c6 sy tham gia, trao ddi, déng gbp vé cong tac khi
tuong thuy van.

Xac dinh cong tac xdy dyng ngudn nhan Iyc 1 nhan té dic biét quan trong, trong
nhing nam qua, cac thé hé 1anh dao Pai da thudng xuyén chi dao ting cudng dong vién,
khuyén khich céc can b, vién chirc dic biét 13 luc luong tré tich cuc hoc tdp ning cao
trinh @9 chuy&n mon, tham gia cong tac nghién ciru khoa hoc, qua dé tich Iy thém dugc
nhiéu kién thirc, kinh nghiém chuyén mén nghiép vu dép tmg theo dinh huéng phat trién
cua Pai va ciia Nganh Khi twong Thily vin trong giai doan méi. S6 lwong vién chirc
trinh d6 trung cip dugc thay thé bd sung bang vién chirc ¢6 trinh d6 dai hoc thac si, hién
v6i 353 vién chirc ¢6 39 Thac si, 172 Pai hoc, con lai 14 cao ding va trung cAp.

Ba muoi nim mdt ching duong phin du va nd luc khong ngimg ctia mét tap thé,
cac c4 nhan déng gop cho sy phat trién chung cling v6i su phat trién di 16n cia dt nude
va Nganh Khi tugng Thuy van. Pai Khi tugng Thiy van khu vec Nam B0 tu hao ky
niém 30 ndm ngay thanh 1ap (30/3/1993 - 30/3/2023). Ky ni€ém 30 ndm ngay thanh 1ap
Pai Khi tuong Thity viin khu vire Nam B4 14 dip dé chuing ta cling nhin lai ching dudng
phat trién d3 qua va ghi nhan nhimg két qua dat duoc ctia Pai trong hoat dong khi tuong
thity van phuc vu tot cho su nghiép phat trién kinh té - x4 hoi, an ninh, qudc phong phat
trién kinh té - xa hoi, bao vé méi truong ciia trong khu viee Nam Bo.

— Jowmdt—

/ e —
GS. TS. Tran Hong Thai
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Tém tit: Nhirng nim gan day, ving ven bién Tay Nam Bo thuong xdy ra hién tugng muc
nude dang cao bat thuong, giy thiét hai rat nang né. Dé du bao, canh bao dugc hién tugng
nay, can xac dinh dugc nguyén nhan, co ché chinh. Dé c6 co s6 khoa hoc xac dinh nguyén
nhan gy muc nudc bién dang di thuong ciing can tinh mbi tuong quan giita muyc nude do
bd sung vung ven bién véi cac tram thity van 1an can.S4 liéu dua vao tmh toan 13 sd heu
muyc nude gio, trong thang 7 va thang 8 ndm 2022. Phuong phap chu yéu sir dung gom
phuong phap tuong quan héi quy bang ham tuyén tinh. Twong quan dugce biéu dién bang
phuong trinh hdi quy Y =ao + a1 X.. Trong d6: Y 1a gia tri ciia ham; Xt: sb thir tw thoi gian
va a0, ai: cac hé s6 hoi qui. Hé sd ai cho biét hudng ddc cua duong hdi quy, néi 1én xu thé
bién d6i tang hay giam theo thoi gian. Néu a; 4m nghia 1a Xu thé giam theo thoi gian va
nguoc lai. Két qua nghién ciru cho thiy chi c6 tram Séng DPdc ¢ hé sd twong quan t6t voi
s0 liéu mye nude do b6 sung tai khu vuc ven bién Hon Pa Bac, nhitng tram bén bién Tay
c6 hé sb twong quan R2 > 0,45, cic tram bén bién Pong hé sb tuong qua thap. Két qua nay
c6 thé 1am tham khao dé xay dung mé hinh dy béo, canh bao.

Tir khéa: Nudc bién dang; Muc nudc ven bién Ca Mau; Nguyén nhan sat 1& dé bien; Song
cao tran bo.

1. Mé dau

Sy bién dong bai bién trong viing nudc ndng ven bor 1a két qua tac dong cua cac qua trinh
t nhién nhu gié, song, dong chay, song than va bién dong ciia muc nude bién. Tuy nhién sy
tac dong cua con ngudi cling ¢6 anh huong dang ké théng qua cc cong trinh nhan tao nhu
xdy dung ke, dé chin song, tudng dung ven bién va cac qua trinh nao vét ludng ciing nhu
nudi bai. Vung ven bién Tay Nam B9, nhat 1a Ca Mau dwoc nhéc téi nhiéu trong nhitng nim
gin day. Cac sb liéu thu thap duoc cho thdy, muc nuéc dang co thé dat t6i 2,0 m [1]. Ngay
3/8/2019, song l6n két hop voi mua kém theo dong 16c va trleu cuong dang cao v6i myc
nudce do tai cong Pa Bac 1a 1,70 m, khién nudc bién tran qua tuyen dé bién Tay doan tir Kénh
Méi dén Da Bac tir 0,3-0,4 m, gy rasat 1o rat nguy hiém dén nhiéu doan dé. Ngay 11/7/2022,
song lon va triéu cu:(mg da gy sat 163 vi tri voi téng chiéu dai 110 m tai dé bién Tay. Thoi
diém xay ra su c¢b c6 gid cp 5, cap 6, giat cip 7; lwong mua ngay do duge 50-90 mm, riéng
tai huyén Tran Van Thoi 14 146 mm.

Thuy triéu dang cao nhit 1,75 m (tai P4 Bac), vuot trén bao dong 3 1a 0,8 m. Muc nudc
song dang cao, gdy anh huong ngap lut nghiém trong va nguy hiém cho doi séng sinh hoat,
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san xuét cua nhan dan. Song bién ven bo cao tir 1,5-2 m, thoi diém cao nhat tran qua mat dé
bé tong (+3,0 m) 1a 15-20 cm. Két qua thong ké cho thay da sb cac 1an xuat hién muc nudc
dang déu khong di kém voi hoat dong cua bao va cac hoat dong dia chin; Cac dot myc nudc
bién dang deu xdy ra vao cac thang VII, VIII, X, XI, nghia la myc nude dang bat thuong
thuong xut hién vao cac thang ¢ bién do thiy tridu cao; cac dot muc nudc bién dang cao
trung vao thoi ky gi6 mua tdy nam hoat dong manh két hop vGi hoan luu cua cac con bao/
ATND ¢ phia Bic [2]. Theo cac nghién ctru cia nudc ngoa1 mot sb nguyén nhan gy muc
nude dang di thu:orng tai vung ven bo, cira sdng va cang bién 13 do su cong hudng cla cac
song dai tir ngoai khoi truyén vao [3]. Cac séng c6 chu ky dai nay duogc sinh ra chi yéu boi
mot s6 nguyén nhan nhu qué trinh nhiéu dong khi ap, soéng than, cac hoat dong dia chén dia
phuong, cac song ndi va dong chay siét. Ngoai ra nudc dang 16n trong cac dot gié mua manh,
kéo dai, thoi theo hudng 6n dinh ciing 13 nguyén nhan gay nuéc dang di thuong 16n tai nhiéu
khu vuec.

Nhiéu nghién ctru cho thdy d6 16n cta nudc dang di thuong do nhidu dong khi ap 14 rat
16n va thuong xay ra trong mot s6 thang nhét dinh ciia nam tuy theo timg khu vuye [4-6]. Myc
nudc bién dang cao bat thuong cling xuét hién tai nhidu nuéc trén thé gidi, nd xay ra phan
16n & cac khu vuc ven bo, cang bién, ving cira song [7-22]. Myc nude dang cao bat thudng
do tac dong cua gi6 mua thuong thip, co tinh 6n dinh [23-24]. Dao dong muc nudc tai cac
vi tri trong cang bién twong ddi tuong d6i phtc tap theo tung vi tri trong cang, timg cang,
chu ky song ngoai khoi va hudng truyén song [24]. Tai tit ca cac diém phan tich trong mdi
cang bién phan 16n déu ton tai 2 khoang chu ky song c6 kha ning giy muc nudce di thuong
va do dai cua cac chu ky song nay thay d6i tiy dia hinh cang va hudng truyen song. Nhin
chung, cic diém nam siu trong cang thudng c6 nude dang 16n hon tai cac vi tri thoang hon
[24]. Theo két qua nghién ctru tir [3] hién tugng muc nudce bién dang cao bat thudng tai mot
sO vung ven bién tai Viét Nam chii yéu xuét hién trong nhitng ngay c6 bdo. Song cling ¢o
mot s6 1an xuét hién muc nude bién dang cao bét thuong xay ra trong ngay co thuy triéu cao
(triéu cudng), tac dong cuia myc nude bién ding cao bat thudng 13 rat 16n, khi myc nudc bién
dang cao kém theo song 16n da gay ngap lut, sat 1o va pha hiy nhidu cong trinh nghién ctru
hién tuong nudc dang bat thuong tai khu vue dao Kyushu va Okinawa (Nhat Ban) thong qua
mo6 hinh song dai phi tuyén 2 chiéu [16]. Két qua nghién ctru cho thdy anh huong cua sy
chénh 1éch khi ap va téc do di chuyén ctia khdi khi dén muyc nude dang cao bat thudng. Bang
cach phan tich dir liéu d6 cao v¢ tinh (TOPEX/Poseidon) va dir liéu gi6 tir NCEP/NCAR, két
qué cho thay murc nuée bién c6 su bién doi dang ké trong nam, twong quan chit ch& vai sy
thay d6i tmg suét gié mua.

Do vay, nghién ctru xay dung cong nghé¢ du bao, canh bao muc nudéce bién déng cao bat
thu:ong, thu thap s6 liéu dia hinh day bién viing ven bo 1a hét sirc can thiét va quan trong d6i
v6i viée tinh toan xay dung cong nghé du bao, canh bao myc nudc bién ding cao bét thuong.
Dé ¢b co s0 khoa hoc xac dinh nguyén nhén gy myc nude bién dang di thudng thi mbi lién
h¢, hay mbi turong quan giita muc nudc ving bién dang bat thuong véi cac tram thily van can
duge nghién clru phén tich k§ ludng. Trong nghién ctru nay s€ tap trung vao danh gia phan
tich twong quan gitra muc nudc cac tram thuy van va tram khao sat ving c6 nu6e dang bat
thuong. Két qua phan tich mdi twong quan nay s€ danh gia dugc mdi lién hé giita myc nudce
dang bat thu:orng v6i cac cac tram thily vin dé tim ra su twong quan muc nude ding bat thudng
tai viing bién Tay Nam Bo.

2. Phwong phap nghién ciru va sb liéu thu thap
2.1. 86 liéu thu thip

Tir s6 liéu do muc nude b sung ven bién Hon P4 Bac (4p Kinh Hon, xi dao Khanh Binh
Tay, huyén Tran Vin Thoi, tinh Ca Mau), (Hinh 1) tir ngay 15/7/2022 dén 15/8/2022. Tir hé
thong tram thily van truyén thong ciia Dai Khi twong Thily van khu viec Nam Bo cho ra cac
tram sau:
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Hinh 1. Khu vuc nghién ctru (a) va dia diém do bd sung muc nude ven bién Ca Mau (b).

s L]

bé déanh gia tuong quan muc nude gitra di€ém do khdo sat véi so liéu mye nude cac tram
thuy van trong séng, nghién ctru nay chon mét s6 tram c6 vi tri gan bién tay nhat dé tinh toan.

S6 liéu do khao sat dugc doc tryc tiép trén thudc, tan suit do tung gio (24 gio/ ngay), keéo dai
30 ngay lién tyc. So liéu myc nude dé tinh toan twong quan 14y tir cac tram thuy vén trong

song (Hinh 2), s6 lidu timg gid twong Gmg, s6 liéu cua cc tram thiy vin do bang may do
Steven, sau d6 dugc doc, quy toan.

1. Séng Béc
2. Ganh Hao
3. An Thuan
4. Bén Trai
5. Binh Pai
6. Hoa Binh
7. Tra Vinh
8. Vam Kénh _
BIEN TAY
9. Nam Can %
10. Xéo RO gt
11. Rach Gia
Hinh 2. So db céc tram thily vén truyén théng va tu dong.
Bang 1. Danh sach céc tram thuy van.
A Tinh/ . N N Ghi
TT Tram Séng Thanh Phé Kinh d¢ Vi do Hang chii
1 Soéng Boc Song Boc Ca Mau 104° 49' 50" 09° 02' 27" 11
2 Ganh Hao Ganh Hao Bac Liéu 105°25' 10" 09° 01' 55" 11
3 AnThudn Ham Ludng Bén Tre 106° 36' 07" 09° 58' 52" 11
4  Beén Trai Co Chién Bén Tre 106° 28' 15" 09° 54' 12" 11
5  Binh Pai Cura Dai Ben Tre 106° 42' 20" 10° 12" 15" 11
6  Hoa Binh Cua Tiéu Tién Giang 106° 35' 33" 10° 17' 25" 11
7  Tra Vinh Co Chién Tra Vinh 106°21' 15" 09° 58'31" 11
8 VamKénh  Cuira Tiéu Tién Giang 106° 44' 14" 10° 16' 28" m
9 Nam Can Cua Lon Ca Mau 105°00' 21" 08° 45' 45" 11
10  Xéo RO Cai Lon Kién Giang 105° 06' 42" 09° 51' 48" 11
11 Rach Gia Kién Kién Giang 105° 05' 03" 10° 00' 44" 111
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2.2. Phuong phap thuc hién

Phuong phép thdng ké: tinh toan va phan tich dién bién theo thoi gian va khong gian ctia
cac dac trung khi hau. Phuong phap twong quan hoi ‘quy, Phuong phap nay duoc sur dung
viéc xdc dinh twong quan dugc st dung bang ham tuyén tinh. Tuong quan c6 thé thé hién khi
biéu dién phuong trinh hdi quy:

Y =ap +a1Xq (1)

Trong d6 Y 1a gia tri cua ham; X; 1a s6 thr tu thoi gian va ao, a: 1a cac h¢ s6 hdi qui. H¢
s6 a1 cho biét huéng ddc cua dudong hdi quy, noi 1én xu thé bién ddi ting hay giam theo thoi
gian. Néu al am nghia la xu thé giam theo thoi gian va nguoc lai.

Céc hé s6 ao va ai tinh theo cong thuc sau:

y alx

_z;l(yt—y)xl—zrﬂ(yt&)i Dy oy)(x =) @

ne 2‘:1(79 —x)xt —2‘21<Xt —;); Z‘:I(Xt _;)2

3. Két qua twong quan diém khao sit va cac tram thity viin tai tiy Nam B

S6 ligu khao tai Hon P4 Bac tir ngdy 15/7/2022 dén 15/8/2022 va cing v6i thoi gian
tuong Ung doi voi cac tram dé tinh twong quan két qua dugc the hién trén Hinh 3-4.

DU'GNG TUONG QUAN MUC NU'GC BIEM KHAO SAT (MUI BA BAC) BUONG TUONG QUAN MUC NUGC BIEM KHAD SAT (MUI BA BAC)
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VBN F 8] =z B I T
R7=0.8943 j"‘" IAHR R R’ 200054
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P ‘ = Ea mam O
L e
. - 2 : i L] " L] 2 |I
40 /"fn [ L 0 ] 1
+ SBngpde — Linear (Sng Bdc) + GanhHio —Linear (Ganh Hao)
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(C) DUONG TUONG QUAN MUC NUOC DIEM KHAQ SAT (MUI DA BAG) (d) BUONG TUONG QUAN MG NUGT BIEM KHAO SAT (MUI DA BAG)
Vol TRAM THUY VAN AN THUAN VG TRAM THUY VAN BEN TRAI
‘- AL H '_A_,._‘_,_,_,-" - T
® _r._,-‘"'J
—
40 1] i ln R
T R T Y1076k 1753
R R
Y - e 13768+ 13.971
AERE =01
+ AnThuin —Linaar (An Thudn) + BanTrai  — Linaar (B&n Trai)
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Hinh 3. D4 thi phuong trinh va hé s6 trong quan diém khao sat (miii P4 Bac) véi tram thuy vin: (a)
Song Déc; (b) Ganh Hoa; (¢) An Thuén; (d) Bén Trai.
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BUONG TUONG QUAN MUC NUO'C BIEM KHAD SAT (MJI DA BAC) DUONG TUONG QUAN MUFC NU'OC DIEM KHAO SAT (MOI DA BAC)
(a) VOI TRAM THUY VAN HOA BiNH (b) VOl TRAM THUY VAN TRA VINH
ToF - " .
= —
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(C) V&I TRAM THUY VAN VAM KENH (d) VI TRAM THUY VAN NAM CAN
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DUONG TUONG QUAN MUC NUGT BIEM KHAQ SAT (MUI DA BAC) BUONG TWONG QUAN MIFC NUGC DIEM KHAO SAT (MUI DA BAC)
(e) VOI TRAM THUY VAN XEO RO ® V&I TRAM THUY VAN RACH GIA
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T
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Hinh 4. D4 thi phuong trinh va hé s6 trong quan diém khao sat (miii P4 Bac) véi tram thuy vian: (a)
Hoa Binh; (b) Tra Vinh; (¢) Vam Kénh; (d) Nam Cin; (¢) Xéo Ro; (f) Rach Gia.

Céc tram thity vin bén bién phia tiy co vi tri gan cira séng, c6 thé thoi diém tién hanh
do khao sat (thang 7, thang 8) 1a thoi ki gié tdy nam hoat dong manh, huéng song, da song
tai khu vuc ven bién Hon Bé Bac khong khéc biét voi céc vi tri tram thuy van, do vay chu ki
muyc nudc 1én, xudng tring nhau, trong khi khu vue bién phia dong thot ki nay huéng don
song, gié khong trung nhau. Bang 2 1 tong hop phwong trinh va hé sb tuong quan tai cac

tram.

Bing 2. Tong hop phuong trinh twong quan Hon Da Bac vdi cac tram thity vén.

Tén tram Phwong trinh twong quan Hé 50 twong quan
Song Ddc y=0,889x + 18,199 0,994
Ganh Hao y =-0,285x + 43,746 0,005
An Thuin y=1,0796x — 17,53 0,100
Bén Trai y=1,3768x — 13,971 0,166
Binh Pai y =1,0556x — 15,195 0,098
Hoa Binh y =1,2333x - 19,763 0,140
Tra Vinh y =1,6224x — 0,9919 0,282
Vam Kénh y =1,4173x — 14,987 0,188
Nam Can y =1,8724x — 4,2602 0,516
Xéo RO y=0,7035x + 1,5181 0,494
Rach Gia y = 0,4428x + 8,6289 0,455
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4. Két luan

S6 liéu muyc nude cac tram thuy van Rach Gia, Xéo R, Nam Can, Song Déc c6 h¢ sO
trong quan voi s6 liéu do khao sat tai ven bién Ca Mau véi murc tir 0,4 dén 0,5. Riéng sd liéu
tram Song Pdc c6 hé sd twong quan cao nhit (0, 99). S6 lidu cac tram khac thugc ven bién
phia dong (Bac Liéu, Soc Trang, Bén Tre...) c6 hé sd tuong quan rat thap

Qua tinh toan cho thay chi c6 tram Song Pdc c6 hé sb tuong quan tét ¢ thé ding sb lidu
tram séng Ddc dé tinh toan cho diém khao sat Hon D4 Bac.

Han ché ctia két qua nghién ctru ndy la nghién ctru méi chi danh gia gia tri muc nude
phia trong sdng vdi khu vue ven bién, dé xac dinh quan hé myc nudc giita cac vi tri quan tric
muc nude voi s lidu do bd sung ven bién, chua xem xét dén cac qua trinh tac dong khac.
Bén canh d6 s6 liéu do bo sung dé tinh toan chi t6 chire do 1 dia diém, thoi gian do 30 ngay
vao thang 7, thang 8 do d6 chua phan anh dy du quan hé trong cac thang khac.

Pong gop ciia tac gid: Xdy dung y tuong nghién ciu: LD.Q., NM.G.; Xt ly sb
liéu: HM.N., N.T.T.; Viét ban thao bai bao: N.M.G.; Chinh stra bai bao: L.D.Q.

Loi cam on: Bai bao hoan thanh c¢6 su hd trg vé mat dit liéu cua cac Pai KTTV tinh Ca Mau,
Kién Giang, Bac Liéu, Soc Trang, Bén Tre, dit liéu khao sat b sung iy tir Dé tai nghién ctru
Khoa hoc cap Bo Nghién ciru xdy dung cong nghé dy bao, canh bao muyc nude bién dang cao
bat thuong cho ving ven bién Viét Nam.

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 nhiing nghién ctru trudc day;
khong co su tranh chap loi ich trong nhom tac gia.
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Analysis of correlation between supplementary water levels and
water levels at Southwest coastal water stations

Le Dinh Quyet'", Nguyen Minh Giam', Huynh Minh Nhan', Trinh Xuan Hung', Le
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Abstract: In recent years, the Southwestern coastal area has been experiencing unusually
high water levels. To predict and warn about this phenomenon, the main causes and
mechanisms must be identified. To have a scientific basis for determining the cause of the
unusual sea level rise, it is also necessary to calculate the correlation between the additional
measured water level in the coastal area and the neighboring hydrological stations. The data
put in to calculate is the hourly water level, in July and August 2022. The regression
correlation using linear functions was one of the main methods used. The correlation can be


mailto:quyet.le74@gmail.com
mailto:nmgkttv@gmail.com
mailto:nmgkttv@gmail.com
mailto:baclieu@kttvnb.vn
mailto:camau@kttvnb.vn

Tap chi Khi twong Thuy van 2023, 747, 1-8; doi:10.36335/VNJHM.2023(747).1-8 8

expressed when representing the regression equation Y = ap + a;Xi. Where: Y is the value
of the function; X: chronological number and ao, a:: regression coefficients. The coefficient
a) represents the slope of the regression line, which indicates whether the trend is increasing
or decreasing over time. If a; is negative, the trend is downward over time, and vice versa.
The results showed that only Song Doc station has a high correlation coefficient with
additional measured water level data in the Hon Da Bac coastal area. West Sea stations have
a correlation coefficient of R? > 0.45. All stations on the East Sea have low correlation
coefficients. This result can be used as a reference to build forecasting and warning models.

Keywords: Sea level rise; Ca Mau coastal water level; Causes sea dyke erosion; High waves
overflowing the shore.
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Tém tat: Ngap lut khu vuc ha luu hé thong song Pong Nai chiu tac dong boi 4 nguyén nhan
chinh: mua, thity triéu, xa Iii hd chua, 1d thuong ngudn bén phia Cam Pu Chia tran vé.
Nghién ctru da tng dung mé hinh MIKE FLOOD dé mé phong va xay dung ban d6 ngap
lut cho khu vuc ha luu hé théng song Déng Nai. Bo thong s6 mé hinh dugc hiéu chinh va
kiém dinh voi cac chudi sb liéu cua cac nam 1 16n 1999 va 2000 cho két qua twong quan
t6t gitra s6 lidu tinh toan va thyc do. Tir d6 bo mo hinh dugc sir dung dé mo phong va danh
gia ngdp lut theo cac kich ban anh huong cua t6 hop cac tac nhan giy ngap lut: xa i hd
chura, 1 thuong ngudn, mua 16n va triéu cuong. Dua trén két qua tinh toan thuy luc va xay
dung ban d6 ngap lut s& xac dinh duoc mic d6 anh hudng ciia cic tac nhan gay ngdp toi
ting khu vuc cu thé, tir 6 hd trg cho cac co quan hiru quan dua ra céc giai phap chéng ngap
thich hop cho timg vung, ddng thoi 1am co sd cho cong tac quy hoach phat trién kinh té xa
hoi mot cach bén viing.

Tir khéa: MIKE FLOOD; Ngap lut.

1. Pt van dé

Khu vuc ha Iuu hé thong séng Dong Nai nam trén dia phan caa 5 tinh: TPHCM, Pong
Nai, Binh Dwong, Tay Ninh, Long An. Khu vuc nay 1a noi tap trung déng dan cu véi nhiéu
d6 thi 16n, ddng thoi 1a trung tam Kinh té cua ca nudc. Hang ndm khu vuc nay ludn phai doi
mit va chiu anh hudng cua nhiéu loai hinh thién tai khac nhau nhung tiéu biéu nhat 1a 1ii va
ngap lut. Trung binh mdi nam xay ra tir 1 d&én 2 tran 1, gay thiét hai dang ké cho khu vuc.
Tréan 1t nam 1952 va nam 2000 la hai trén 10 16n ting xay ra trong lich str, bao 1t da tan pha
va gay ngap lut nghiém trong cho khu vuc Nam B9, cudn troi nhiéu nha cira va tai san cua
ngudi dan, nghiém trong nhat 1a ¢ nhidu nguoi chét va mat tich do 1i lut. Hién twong ngap
lut do mua 16n va triéu cuong o cac khu do thi xay ra thuong xuyén, gay thiét hai kinh té va
lam dao Ion doi SOng sinh hoat ciia nguoi dan. Hién nay da c6 nhiéu bién phap phong chong
ngap lut lut duoc dé ra, nhleu cong trinh chong ngap dugc dau tu xay dung; tuy nhién van
chua dap Gmg duoc yéu cau chéng ngap thuc té nén ngap lut van xay ra thuong xuyén. Vi
vay, viéc nghién ctru danh gia mare d6 ngap lut cho khu vuc la vé cung quan trong, day 1a co
s& dé xay dyng quy trinh van hanh ho chia, dé ra cac bién phap phong chéng ngap lut va han
ché tac dong do ngap lut gay ra; dong thoi ciing 1a co s& dé quy hoach phat trién kinh té—xa
hoi mot cach bén viing.

Tap chi Khi tugng Thity vin 2023, 747, 9-20; doi:10.36335/VNJHM.2023(747).9-20 http:/tapchikttv.vn/
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Trong nhimg nim gan day, viéc tng dung md hinh toan trong du bao, canh bao va danh
gia ngap lut duoc &p dung rat nhiéu trén thé gigi [1-3], mot s6 moé hinh phd bién hién dang
duogc sir dung nhu: MIKE, HEC, DELFT3D... O Viét Nam, viéc sir dung md hinh toan dé
mo phong ngap lut da co tir 1au va ing dung cho nhiéu hé thong sdng [4-13], mot s6 md hinh
duoc xay dung va phét trién boi chuyén gia trong nudc [9- 10], con lai phan Ién &ng dung
nhitng mo hinh nuéc ngoai ¢é md phong ngap lut ma tiéu biéu nhat 1a bo mé hinh MIKE
[11-13]; do kha ning &ng dung rong ri cho nhiéu bai toan thay luc, giao dién dé st dung,
tdc do tinh toan nhanh nén dugc sir dung trong nhiéu nghién ctu vé ngap lut. Hién nay, da
c6 mot sé nghién ctru tng dung mo hinh toan dé md phong va danh gia ngap lut cho khu vuc
thudc ha luu hé thdng séng Bong Nai [14-18]. Tuy nhién nhitng nghién ctu trude thudng
chi tap trung md phong ngap lut trong mot pham vi nho, dong thoi cac kich ban xa 1ii hd chia
khdng con qua phu hop véi nhitng quy dinh méi trong quy trinh van hanh lién hé chaa duoc
ban hanh trong nhimg nam gan day [19-22]. Vi vay, nghién ciu d tng dung md hinh MIKE
FLOOD dé mé phong ngap lut trong tng véi cac kich ban cu thé, dong thoi sir dung két qua
d6 dé danh gia mic do ngap lut cho khu vuc ha luu hé théng séng Bong Nai.

2. Phuong phap nghién ctru

2.1. Khu viee nghién curu

Khu vuc ha Iuu hé thong song Pong Nai 1a phan luu vuc duoc gigi han tir sau hd Tri An,
Dau Tiéng, Phudc Hoa va tir thuong luu séng Vam Co Pong, Vam Co Tay ra toi caa bién,
dién tich khu vuc khoang 14000 km? thudc dia phan cua 5 tinh: TPHCM, Pong Nai, Binh
Duong, Tay Ninh, Long An (Hinh 1). Vung nghién ctru thudc khu vuc nhiét déi gié mua can
xich dao, mot ndm cé hai mua rd rét: mua mua va mua kho. Mua mua thuong bét dau tir thang 5
dén hét thang 11, 1d thuong xuat hién trong giai doan mua mua tir thang 8 dén thang 11; mia kho
tir thang 12 t6i thang 5 ndm sau; lugng mua trung binh nhiéu nam khoang 2200 mm.
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Khu vye nghién ctru ¢6 mang ludi song ngoi day déc, cac song 16n thude khu vuc nhu: song
Dong Na1 song Sai Gon, song Vam Cé Pong, song Vam Co Tay, song Be; ngoal vai tro cung
cap ngudn nudc,  song ngoi khu vue ha luu hé thong song Pong Nai con 1a tuyén duodng thuy
quan trong két ndi cac khu vuc khac & trong va ngoai nude. Phia thuong luu la ba hé chira 16n:
hd Tri An, hd Dau Tleng, hd Phudc Hoa; cic hod chira ¢6 vai tro dic biét quan trong trong viéc
cung cap nudc ngot, phat dién va ddy min trong mua kho. Vao giai doan mua khé, cac song trén
khu vyc chiu danh huédng manh cua ban nhat tridu Bién Pong; tdi giai doan muia mua tir thang 8
dén thang 11, khu vuc con chiu anh hudng manh cuia viéc xa I hd chua va li thuong ngué)n bén
phia Cam Pu Chia tran v, cang vé ha luu thi anh hudng cua lii cang yéu va anh hudng cua thuy
tridu cang manh.

bia hinh cua khu vyc ha luu hé thong song Dong Nai chuyén tiép tir ddi nui sang trung du
t61 ddng bang, thap dan tir thuong Iuu ve€ ha luu. Ngap lut cua khu vue nghién ctru la do t6 hop
ctua mot hodc mot s6 tac nhén gdy ngdp: xa la hé chra, 1 thuong ngudn bén phia Cam Pu Chia
tran vé, mua 16n va tridu cuong. Khu vyc trung du va dong bang phia sau hd chira Tri An, Dau
Tiéng, Phudc Hoa co dia hinh tuong ddi cao nén phan 16n bi ngdp doxalu hé chira v6i luu luong
16n vuot qua kha nang tiéu thoat 1t cta long song. Khu vuc dong bang ven bién, ngap lut chi
yeu do tac dong cua tridu cuong. Con khu vuc & gilta, noi chuyén tiép tir trung du sang dong
bang ven bién thi i ngap lut do chiu anh huong cua t6 hop tac dong: mura, 1ii thuong ng,mon xa li
ho chira, thuy triéu. Trong nhiing nam gan day, da c6 nhimg quy dinh cu thé vé viéc van hanh
lién hd chira, nhidu cong trinh chdng ngap lut dugce dau tu xday dyng. Tuy nhién, viéc dau tu xay
dung va thiéu dong bo, chua dap tmg duoc yéu cau thuc té, cong tac quan Iy van hanh con chua
chat ché nén hiéu qua chéng ngap chua cao.

2.2. Cong cu tinh toan

K¢ thira b dit liéu m6 hinh hinh thity luc cho ving ha luu hé théng song Pong Nai clia
truong dai hoc Thuy Loi va Vién quy hoach Thuy Loi mién Nam, nhom nghién ctru da cap nhat
b sung va phat trién xay dung bd mé hinh MIKE FLOOD cho khu vuc dé phyc vy tinh toan mo
phong ngap lut (Hinh 2). Két hop véi cong nghé GIS dé xay dung ban db ngap lut va phan tich
két qua ngép lut twong tmg vdi timg kich ban.

ANHVE TINH, |
VIEN THAM
MIKE 11
DEM o MIKEFLOOD | BAN DO NGAP LUT
MIKE 21
DKBIEN |[—

Hinh 2. So dd nghién ciru tinh toan thay lec va ngap lut.
2.3. Thu thap va xw ly dir liéu

2.3.1. Tai liéu dia hinh, vién tham

Dir liéu ban d6 cao d6 s6 (DEM) c6 d6 phan giai 30m x 30m, tai liéu mit cit ngang chu yéu
duoc ké thira tir “Du an dé bién Viing Tau—Go Cong” va cap nhat thém tir cac dé tai dy 4n cia
co so 2 truong Pai hoc Thuy Loi tir nim 2000 dén nay, dit liéu dia hinh day bién khu vuc vinh
Ganh Rai duoc liy i ngudn dir liéu dia hinh toan cau GEBCO (Hinh 3).

Dir liéu anh vién tham vé muc do ngap lut dugc lay tir ban d6 ngép lut truc tuyén cta dai
hoc Lién Hop Qubc (UNU) dé so sanh véi két qua mé phong ngép lut trong qua trinh hidu chinh
va kiém dinh mé hinh.
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Hinh 3. Ban db cao do s6 (DEM) luu vuc séng Ddng Nai.

2.3.2. Tai liéu khi tuong thity van

Tai liéu khi twong, thiy vin dung lam bién mé hinh tinh bao gém cac bién thuong luu
(luu luong), bién nhap luu khu giita (tinh tir mwa, boc hoi trong MIKE NAM), bién ha luu
(muc nude). Tai liéu khi tugng thuy van duoc thu thap tir sb lidu quan tric ciia Dai Khi tuong
Thuy van khu vuc Nam B§, dam bdo tinh lién tuc, dd tin cdy va chinh xac.

Bién trén 1a luu lugng xa cua cac hd chira: Tri An, Dau Tiéng, Phudc Hoa va luu luong
trén song Vam Co Dong ta1 tram thuy van Can bang, luu lugng trén song Vam Co Tay ta1
tram thuy van Moc Hoa, s6 liéu lién tyuc tir nam 1980—2010. Ngoai ra, trén mot sd song sudi
nho, s6 liéu luu lvgng myce nude duge gia thiét 1a mot gia tri mdc dinh.

Bién dudi 1a myc nude tram hai van Ving Tau, st dung myuc nude cua cac tram: Bién
Hoa, Thu Dau Mét, Phit An, Nha Bé, Tan An, Bén Lirc dé hiéu chinh va kiém dinh mé hinh.

S6 liéu mura, bdc hoi: ding chudi s6 liéu mua ngdy va sé liéu bdc hoi ngay thoi doan tir
19802010 ctia 18 tram do mua va 12 tram do bdc hoi dé tinh toan luu luong nhap khu gitra
trong mo6 hinh thuy van MIKE NAM (Hinh 4).

BAN DO V| TRi CAC TRAM KHi TUGNG THUY VAN
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Hinh 4. Vi tri cac tram khi tugng thay van trén khu vuc nghién cuau.

2.4. Thiét Igp mé hinh

Nghién ctru s dung module thuy van MIKE NAM dé tinh toan dong chay nhap khu gitra
va str dung cong cu MIKE FLOOD két noi C;’lc module thuy lue MIKE11, MIKE21FM d€ md
phong ngap lut, cong cu GIS duoc str dung dé xur ly s0 liéu dau vao, xay dung va phén tich ban
do ngép lut.
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2.4.1. Tinh toan dong chay nhap luu khu giita bang m6 hinh MIKE NAM

Luu vuc cua cac song sudi trong mo hinh dugc chia thanh 69 tiéu luu vuc, dién tich moi tiéu
Twu vue tir 4 &n 2300 km? (Hinh 5). Luong mua, bdc hoi ding tinh 14 cac tram nam trong khu
vire nghién ctru va ving l4n can c6 anh huong. Str dung phuong phap da giac Thiessen dé xac
dinh lrong mua tinh toan cho mdi tiéu luu vue.
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Hinh 5. Phan chia cac tiéu luu vuc trong md hinh MIKE NAM.

2.4.2. So d6 tinh toan thuy luc

Khu vuc nghién ctru 1a ha luu hé thong séng Dong Nai dugc gidi han boi cac bién thuong
tir hd Dau Tiéng, Tri An, hd Phudc Hoa, Moc Hoa va Can Pang. So db thay luc tinh tir phia sau
dap hd Dau Tiéng trén song Sai Gon, sau chan dap hd thuy dién Tri An trén song Déng Nai, sau
h6 Phudc Hoa trén song Bé, trén song Vam Co Pong 14y tir sau tram thuy van Can Dang, trén
song Vam C6 Tay tir Moc Hoa ra ti bién Dong tai cac cira: Soai Rap, Pong Tranh, Long Tau
va Thi Vai.

Céc bién cho m6 hinh duoc 14y tir s6 liu luu lugng, be hoi, mura tir 1980 cap nhat dén nam
2010, s6 liéu muc nuée dugce cap nhat dén nam 2021.

So d6 thiy lyc bao gdm 108 nhanh song, tong s mit cit ngang st dung trong mo hinh 1a
744 mit cit phan bd déu trén toan bd mang ludi séng.
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Hinh 6. M6 hinh thay lyc trong MIKE 11.
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DPé mo phong twong tic dong chay trén bai, mé hinh 2 chiéu MIKE 21FM HD dugc thiét
1ap dam bao bao phu nhitng ving c6 kha ning bi ngap, dién tich mién tinh toan khoang 966588
ha. Khu vuc nghién ctru dugc chia thanh 207743 6 ludi, nhitng khu vuc ¢6 mic d d6 thi hoa
cao hodc nhirng khu vuc cé do cao dia hinh thay ddi 16m thi kich thude canh 6 ludi tir 30-100 m,
nhitng khu vuc bang phang dia hinh it thay d6i thi kich thudc canh 6 ludi tir 100—500 m, khu vuc
bién tir 500-2000 m (Hinh 7).
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Hinh 7. Mién tinh toan trong MIKE 21.

Str dung cong cu MIKE FLOOD két n6i m6 hinh mot chiéu (MIKE11) va md hinh hai chiéu
(MIKEZl) dé moé phong ngép lut cho toan ving nghién ciru, trong nghién ctru str dung loai lién
két bén (lateral link) d€ két noi hai mo hinh lai véi nhau phuc vu mo6 phong (Hinh 8).
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Hinh 8. Két ndi mé hinh thuy lyc MIKE11 va MIKE 21.

B0 thong s6 mo hinh thuy luc thu duge théng qua viée hiéu chinh va kiém dinh véi tai liéu
thuc do. Str dung tran 1t nam 2000 dé hiéu chinh mo hinh thuy lucva cho hé ) tuong quan kha
t6t (Nash > 0,7). Sau khi hiéu chinh mé hinh s& sir dung b6 théng s6 nay dé kiém dinh véi tran
1t nAm 1999, két qua kiém dinh vé& myuc nudc cho hé s6 twong quan kha t6t (Nash > 0,7). Dién
ngap tir két qua cia mé hinh MIKE 21 véi anh vé tinh, két qua kha tuong dong.
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Bang 1. Két qua hiéu chinh mé hinh thay lrc tai mot s tram thity van nam 2000.

STT Tén tram Hé sé Nash
1 Tan An 0,803
2 Bén Luc 0,875
3 Bién Hoa 0,714
4 Thia Dau Mot 0,723
5 Ph An 0,919
6 Nha Be 0,958

a)

Hinh 9. So sanh két qua dién ngap mé phong véi dién ngap thuc té trén anh vé tinh nim 2000:
(a) Két qua ngap mo phong nam 2000; (b) Anh vé tinh ndm 2000.

Bang 2. Két qua kiém dinh md hinh thuy lyc tai mot s6 tram thuy vin nam 1999,

STT Tén tram Heé s6 Nash
1 Tan An 0,81
2 Bén Lirc 0,82
3 Bién Hoa 0,798
4 Thia Dau Mot 0,752
5 Phi An 0,968
6 Nha Bé 0,971
S

(b)

a)

Hinh 10. So sanh két qua dién ngap mo phong vai dién ngap thyc té trén anh vé tinh nim 1999:
(a) Két qua ngap mé phong nam 1999; (b) Anh vé tinh nam 1999.
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3. Két qua va thio luin

3.1. Cac kich ban tinh toan

Téng cdng co 6 kich ban tinh toan dugc xay dung dé danh gia muc do ngap lut khu vuc
ha Iuu hé thong song Dong Nai tuong (mg voi cac mure anh huong cua cac tac nhén gay ngép:
mua, thily triéu, 1d thugng ngudn bén Cam Pu Chia tran vé, xa 1d hd chira. Cac kich ban cu
thé nhu sau:

Kich ban 1: cac hd chtra Tri An, Phude Hoa, Dau Tiéng xa 10 theo cac cép I&i nho, luu
luong trén séng Vam Co6 Pong va Vam Co Tay 1a lwu lwong 16n nhét lich st vao nam 2000,
lwong mua tinh toan tuong tng voi tin suat mua 10% thdng ké tir nhitng tran mua 16n nhét
trong 7 ngay. Muc nuéc bién dudi twong Gmg v6i muc nudce cao nhit lich sir cia tram hai van
Ving Tau la 152 cm.

Kich ban 2: cac hd chira Tri An, Phudc Hoa, Dau Tiéng xa lii theo cac cap lii 16n, luu
luong trén séng Vam C6 Dong va Vam Co Tay la luu lugng 16n nhat lich sir vao nam 2000,
lwong mua tinh toan tuong Ung voi tan suat mua 5% thong ké tir nhiing tran mua lon nhat
trong 7 ngay. Muc nudc bién dudi twong ing v6i muc nude cao nhat lich str ctia tram hai vin
Viing Tau 1a 152 cm.

Kich ban 3: cac hd chtra Tri An, Phudc Hoa, Dau Tiéng xa lii theo cac cap 1ii rat 16n, luu
luong trén song Vam C6 Dong va Vam Co Tay 1a luu lugng 16n nhét lich st vao nam 2000,
luong mua tinh toan twong ng véi tan suat mua 5% théng ké tir nhitng trin mua 16n nhat
trong 7 ngay. Muc nude bién dudi twong img v6i muc nude cao nhét lich st ciia tram hai vin
Viing Tau la 152 cm.

Kich ban 4: cac hd chira Tri An, Phudc Hoa, Dau Tiéng xa lii theo cac cap i nho, luu
luong trén séng Vam C6 Bong va Vam Co Tay la luu lugng 16n nhat lich sir vao nam 2000,
lwong mua tinh toan tuong Ung véi tan suat mua 5% thong ké tir nhiing tran mua lon nhit
trong 7 ngay. Muc nudc bién dudi twong ing véi muc nude cao nhét lich str cia tram hai vin
Viing Tau 1a 152 cm.

Kich ban 5: cac ho chira Tri An, Phudc Hoa, Dau Tiéng xa la theo cac cép It 16n, Iuu
luong trén séng Vam Co Pong va Vam Co Tay 1a luu lwong 16n nhét lich sir vao nam 2000,
luong mua tinh toan twong ng véi tan suat mua 1% thong ké tir nhitng tran muwa 16n nhat
trong 7 ngay. Muc nude bién dudi twong g v6i muc nude cao nhét lich st ciia tram hai vin
Viing Tau la 152 cm.

Kich ban 6: cac hd chtra Tri An, Phuéc Hoa, Dau Tiéng xa 1l theo cac cép 1di rat 16n, luu
luong trén séng Vam Co Pong va Vam Co Ty 1a luu luong 16n nhét lich sir vao nam 2000,
lwong mua tinh toan tuong ung véi tan suat mua 1% thong ké tir nhitng tran mua 16n nhat
trong 7 ngay. Muc nude bién dudi twong ing v6i muc nude cao nhit lich st ciia tram hai vin
Viing Tau la 152 cm.

Bang 3. Cac kich ban md phong ngap lut.

STT Yéu té KB1 KB2 KB3 KB4 KB5S KB6
1 Qi An (M¥/s) 2745 4633 6000 2745 4633 6000
2 Qpiu Tiéng (M3/s) 150 200 300 150 200 300
3 Qphuse Hoa (M/s) 1400 2400 3000 1400 2400 3000
4 Qvep (M3s) 1000 1000 1000 1000 1000 1000
5 Quer (M¥s) 2500 2500 2500 2500 2500 2500
6 Hvang Tau (M) 152 152 152 152 152 152
7 Mua (mm) X10% X5% X5% X5% X1% X1%
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3.2. Két qud mé phéng va danh gic ngdp lut cho khu viee ha heu hé thong séng Pong Nai

Két qua mo phong ngap lut cua cac kich ban (*.dfsu) duge xur ly théng qua cong cu Mike
Zero Toolbox va ArcGis dé phan tich tinh toan va xay dung ban do ngap lut. Ban db ngap lut va
két qua tong hop dién tich ngap lut theo cac dg sau ngdp cua cac kich ban dugc thé hién trén hinh
11a—11f. Bang tong hop dién tich ngap lut theo cac kich ban dugc thong ké trong bang 4.

Bang 4. Bang tong hop dién tich ngap lut theo cac kich ban.

Dién tich ngép twong ing dd sdu ngip (ha)

STT KB <0,5m 0,5-1m 1-15m 15-2m >2m Tong
1 KB1 52250 134297 67625 82895 30049 367116
2 KB2 54015 128737 70924 86469 39393 379539
3 KB3 53007 127811 77370 88841 40716 387744
4 KB4 53121 129815 67432 85273 36536 372178
5 KB5 53129 126597 73994 83687 50417 387824
6 KB6 51919 123489 79403 86025 52078 392914
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Hinh 11. Ban d6 ngap lut ha luu hé théng séng Dong Nai theo: (a) Kich ban 1; (b) Kich ban 2; (c) Kich ban 3;

(d) Kich ban 4; (e) Kich ban 5; (f) Kich ban 6.
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- Kich ban 1: tong dién tich ngap 1a 367116 ha, nhin chung dién ngép 14 rat 16n va tap trung
chu yéu O luu vuc hé théng song Vam Co va rung ngap man Can Gio. Pay 1a nhing khu vuc
dong bang triing thip nén rat dé bi ngp do anh hudng cia cac tac nhan gy ngép: 10, mua lon,
tridu cuong, thoi gian ngap thuong kéo dai. Ngp lut con xuét hién & mot sé khu vyc nho tring
thap ven song Sai Gon-Dong Nai, nhiing khu vye nay thuong c6 thoi gian ngép ngén do tac dong
ctia xa i hd chira trén dia hinh doc khién 1ii 1én nhanh va xudng ciing nhanh. D6 sau ngap 16n &
khu vuc thuong luu va thip dan vé ha luu.

- Kich ban 2: khi ting luu luong xa lii & ba hd chira phia thwong luu va ting lvong mura tir
mua tan suit 10% 1én mua tan sudt 5% thi dién ngép va do sau ngap ciing ting 1én so véi kich
ban 1. Tong dién tich ngép lut theo kich ban 2 1a 379539 ha (ting 12423 ha so v&i kich ban 1),
nhin chung dién ngap ¢ khu vuc thude luu vuc séng Vam C6 va rimg ngdp min Can Gio khong
thay d6i nhiéu, dién ngfp chi ting 1én dang ké & cac khu vuc ven song Sai Gon-bPong Nai

- Kich ban 3: so v6i kich ban 2 thi lugng mua khong thay d6i ma ting luu lwong xa 1& hd Tri
An, Dau Tiéng, Phudc Hoa nén lam tang dién ngap va do sau ngap khu vuc ven song phia ha du
cac ho chira thude cac huyén Tan Uyén (Binh Duong), Thudn An (Binh Duong), Vinh Cuu
(Ddng Nai), Bién Hoa (Pong Nai), Cit Chi (TPHCM), thanh phé Thu Bre (TPHCM). Con cac
khu vuc thude luu vue song Vam C6 va rimg ngap man Can Gid gan nhu khong c6 thay doi vé
dién ngap va do sau ngap. Tong dién tich ngap trong kich ban 3 1a 387744 ha, tang 8205 ha so
véi kich ban 2.

- Kich ban 4: so véi kich ban 1 thi luong mua tang tur tan sudt mwa 10% lén tan sudt mwa 5%
con luu luong xa 1 ho chira khong thay d6i nén nhin chung dién ngép tang khong dang ké so voi
kich ban 1 ma chi 1am thay di d6 sau ngap lut. Su thay d6i do sau ngap chi yéu xuat hién & cac
khu vyc dong bang triing thap thudc luu vire song Vam Co, con cac khu vue bén phia song Sai
GOn—Déng Nai khong c6 su thay ddi nhiéu vé do sau ngap lut. Téng dién tich ngap lut trong kich
ban 4 14 372178 ha, tang 5062 ha so véi kich ban 1.

- Kich ban 5: cac yéu t6 xala ho cha, I bién gidi, bién thuy tridu van giit nguyén so véi kich
ban 2, chi thay d6i tan suat mua 5% thanh tan suit mua 1%. Nhin chung dién ngép thay doi
khong nhiéu so voi kich ban 2, khi tang luong mura thi mot s6 khu vuc triing thap ven song Pong
Nai c6 sy gia tang vé dién ngap & cac huyén Long Thanh (Pong Nai), Bién Hoa (Dong Nai), Tan
Uyén (Binh Duong), cac khu vuc con lai su gia ting dién ngap khong nhiéu. Tong dién tich ngap
trong kich ban 5 1a 387824 ha, tdng 8285 ha so vdi kich ban 2.

- Kich ban 6: 1a kich ban gay bét loi nhat cho viéc tiéu thoat nudc khi ca luu luong xa 1i hd
chira va tin suat mua thiét ké & muc cao nhét trong 6 kich ban dugc dua ra. So véi kich ban 3,
tAn sut mua ciia kich ban 6 thay ddi tir 5% thanh 1% va cac diéu kién con lai giéng kich ban 3.
Nhin chung dién tich ngap bién dong khong nhiéu, chi yéu thay doi do sau ngap lut & khu vuc
thudc Iuu vue song Vam Co va cac khu vyce tring thap ven song Sai Gon—Béng Nai. Khu vuc
ring ngap man Can Gio ndm sat bién c6 kha nang tiéu thoat nuéc nhanh, chi yéu chiu anh huong
thily triéu nén do siu ngap thay doi khong dang ké. Tong dién tich ngap trong kich ban 6 1a
392914 ha, tang 4670 ha so v¢i kich ban 3.

4. Két luan

Qua két qua mé phong ngép lut theo cac kich ban trén co thé thiy khu vyc ha luu hé thong
song Pong Nai 1a khu vuc rat dé bj ngap do tac dong ctia mot hay t6 hop cua cac tac nhan gy
ngap: 11, xa hd chira, mua 16n, tridu cuong. Két qua nghién ctru da cho théy duoc murc do tac
dong cua ting tac nhan gdy ngp toi timg khu vire cu thé.

Khu vye luu vye séng Vam Co 1a khu vue ddng bang triing thap nén rat d& bi ngap lut boi
cac tac nhan gay ngép, phia thuong luu chu yéu bi ngap lut do 1a bién gidi va mua lon khong tidu
thoat kip, phia ha luu gan bién va c6 dia hinh thip hon nén chu yéu bi ngép do tac dong cua triéu
cuong.

Khu vire thude luu vuce séng Sai Gon—Pong Nai doan tir sau hd Phude Hoa, hd Tri An, ho
Dau Tiéng téi khu vure ngd ba Miii Bén Do, vi tri nhap luu ctia song Sai Gon vao song Dong Nai,
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khu vyc nay ¢ dia hinh thap dan tir thuong luu téi ha lwu, chuyén tiép tir dang dia hinh trung du
sang dong bang nén khi xa i hd chira véi luu lwong 10n vuot qua kha ning tiéu thoat nude cua
long dan khién nudc tran b gdy ngap khu vuc hai bén bo song. Mot sé khu vy triing thap cuc
b, hé thdng tiéu thoat nude kém nén khi xay ra mwa 10n ciing dan téi ngép lut.

Nghién ctru chua tinh toén chi tiét cho ngap lut cuc bd khu vuc d0 thi do mua 16, tuy nhién,
két qua xay dung ban d6 ngap lut va phan tich két qua ngfp chi tiét trong timg kich ban c6 thé
duoc tham khao phuc vu cho cong tic phong chéng thién tai va quy hoach phat trién kinh té xa
héi cia khu vue mot cach bén viing.

bong gop tac gia: Xay dung y tuong nghién cru: L.T.Q.; Lya chon phuong phap nghién ctru:
LT.Q., LDB.D, T.N.A; Xuly so liéu: L.T.Q.; Hi¢u chinh va kiém dinh m6 hinh: L.T.Q.; Viét
ban thao bai bao: L.T.Q.; Chinh stra bai bao: L.T.Q., L.D.D., T.N.A.

Loi cam on: nghién ctru dugc thuc hién dudi sy hudng dan va hd tro cia Tong cuc Khi tuong
Thuay van va Khoa Khi trgng Thuiy van va Hai duong hoc, truong Pai hoc Khoa hoc Ty nhién,
Dai hoc Qudc gia Ha Noi.

Loi cam doan: Tép thé tic gia xin cam doan bai bao nay 14 cong trinh nghién ciru ciia tap thé tac
gia, chua dugc cong bd & dau, khong duoc sao chép tir nhimg nghién ciru trude day va khong co
sy tranh chép loi ich gi trong nhom tac gia.
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Simulation and development of flood maps in dowstream of Dong
Nai river system

Le Thanh Quang®", La Duc Dung?, Tran Ngoc Anh?
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2Viet Nam Meteorological and Hydrological Administration; dunglakttv@gmail.com

3 Faculty of Hydrology Meteorology and Oceanography, VNU University of Sciences,
Vietnam national University, Hanoi; tranngocanh@hus.edu.vn

Abstract: Flooding in the downstream area of the DongNai river system is affected by 4
main causes: rain, tide, reservoir flood discharge, and upstream flood on the Cambodian
side. The study has built the MIKE FLOOD modeling toolkit to simulate and build
inundation maps for the downstream area of the DongNai river system. The model
parameters are calibrated and tested with the real data series of the two severe floods in 1999
and 2000 giving a strong correlation between the calculated data and the actual
measurement. Then, the model set is used to simulate and evaluate flooding according to
the scenarios of reservoir flood discharge, upstream flood, heavy rain and high tide. The
results of hydraulic calculations and the construction of a flood map could be use to
determine the level of influence of the inundating agents on each specific area and support
the relevant agencies to come up with more suitable solutions for flood control in each
region, and at the same time serve as a basis for planning for socio—economic sustainable
development...

Keywords: MIKE FLOOD; Flooding.
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Tém tit: Thanh phé H6 Chi Minh véi vi tri dia Iy va diéu kién tu nhién twong ddi thuan
loi, mot thanh phé nang dong va phat trién manh ma. Song van con ton tai nhiéu bat cap,
ma bét cap 16n nhét 1a tinh trang ngdp ¢ thanh phé. Thanh phé da dua ra nhiéu giai phap
nham giam ngap lut, nhung thyc té thi hiéu qua cua cac giai phap do ciing khong cé tac
dung bao nhiéu mdi khi c6 mua 16n va triéu cuong 16n tinh trang ngap nudc van con xay ra.
C6 nhiéu nguyén nhan gay ra ngép, trong bao cao nay st dung so liu lién quan dén lugng
mua va myc nudc tridu tai cac Tram Khi twong Tan Son Hoa, Tram Thuy vin Phu An va
Tram Hai van Viing Tau, thyuc hién phan tich cic yéu t6 nay va lam rd thém dién bién theo
thoi gian ctia cac yéu td nay dén ngap Thanh phd HO Chi Minh.

Tir khéa: Khi tuong; Thiy van; Triéu cuong; Mua 16n; Ngap, Thanh phd H6 Chi Minh.

1. M& dau

Thanh phé H6 Chi Minh (TPHCM) nam ¢ ha luu luu vuc song Bﬁ)ng Nai va giap voi
bién Pong, noi c¢6 dia hinh thap va kha bang phang, chiu tac dong truc tiép dong chdy 10 tur
thuong luu thong qua cac song Pong Nai, Sai Gon cung nhu nhting tac dong tryc tiép tir triéu
bién Dong téc d6 do thi hoa tang nhanh gan lién véi nhu cau phét trién ha tang do thi cing
Vv6i lun dat, kénh rach va cac ving triing bi san Iép danh cho xay dung d6 thi, nén thuong
Xuyén xay ra tinh trang ngép ung. Pé chu dong dbi pho véi tinh trang ngép ung trén dia ban,
TPHCM da c6 nhing dau tu khong nho vé cong suc, VOn dé glal quyet van de nay. Tuy nhién
c6 rat nguyén nhan gay ngap TPHCM do d6 TPHCM van tiép dién ngap trién mién [1-2].

Van dé ngap lut khdng chi dién ra tai Thanh phd Ho Chi Minh ma né con dién ra ¢ nhiéu
thanh phé trén thé gigi. Cac nha khoa hoc da nghién ctru thuc trang ngap lut va dua ra cac
giai phap dé chong ngap lut d6 thi. Giao su Danai Thaitakoo, m¢t nha nghién cuu cua Dai
hoc Chulalongkorn Thai Lan, dua ra mot s6 nguyen nhan gay ngap nudc tai Bangkok nhu
sau: mua 16n, 10n sut mat dat do khai thac nuéc ngam, nudc ngoai lai tran vé, triéu cao, hé
thdng tiéu thoat khong du kha niang thoat nudc, dong chay tran gia taing do qua trinh do thi
hoa. Ciing theo Gido su Danai Thaitakoo Bangkok can dugc quy hoach chéng ngap theo kleu
dé bao khép kin va st dung tram bom dé tiéu thoat nuwéc mua cing véi hé thong cac cng
ngan triéu hoat dong theo nguyén tac diéu khién tir xa. Hé théng radar khi twong du bao mua
va canh béo 1ii s6m can dugc dau tu. R. Lasage va cong sy Danh gia hiéu qua cua cac chién
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luoc thich ang vai ngap lut cho TP.HCM kénh rach va cac vung triing bi san Iip danh cho
xay dung db thi.... O Viét Nam, van dé nghién cau hién trang va giai phap phong chdng ngap
lut d6 thi tai TPHCM d3 c6 nhiéu nha khoa hoc nghién ctu vé van dé trén nhu cac Lé Huy
B4, Nguyén Tat Dic, Phung Chi Sy, Lé Van Trung, Nguyén Ky Phung, T6 Vian Trudng,
Nguyén Kim Loi, H6 Long Phi, Lé Sdm, L& Xuan Thuyén, Bao Nguyén Khoi, Ngan hang
Thé gidi, Ngan hang phét trién Chau A... dd dwa mot sé nguy@n nhan gay ngap lut tai Thanh
phd HO Chi Minh va nhiing giai phép cong trinh va phi cong trinh chong ngap nuéc. Tir
nhirng nghién ctru trong va ngoai nudc cung voi nhiing hoat dong phuc vu vé khi tuong thuy
van va cac ¥ kién cua nhiéu chuyén gia vé nguyén nhan gy ngap TPHCM. Duéi day c6 thé
phan loai ra 2 nguyén nhan chinh: Nguyén nhan (khach quan) tu nhién va nguyén nhan (chu
quan) con nguoi. Trong bao c&o nay lua chon nhitng nguyén nhéan chinh sau:

V& nguyén nhan khach quan c6 cac nguyén nhan chinh sau:

i. Mua voi cudng d6 16n — thoi gian tap trung dai: Thoi gian qua, thoi tiét dién bién that
thudng din dén xuat hién nhiéu tran mua c6 cudng do I16n, thoi gian mua tap trung dai hon
thi muc do ngap ang cang nghiém trong hon [3-4].

ii. Thay tridu bién Pong cao: Do anh huong cua triéu bién Dong tai nhirng ving di¢n
tich dat c6 cao do nho hon muc nuéc thuy trleu s€ chiu ngép, dinh triéu cao hon cac muc tinh
toan cii. Ngap (ng c6 thé Ion hon khi co triéu cudng truyén vao trong séng kénh, két hop li
tir cac cong trinh thuong luu xa vé, ddng thoi voi mua 16n xay ra cing véi gio mia Pong
Bac [4].

iii. Do lii thwong ngudn: 1ii truc tiép tir cac ho thuong luu cac song Dong Nai, Sai Gon
anh huong truc tiép dén TPHCM.

iv. Lan dat: voi nhiéu nghién ciu vé tinh trang 1Gn mit dat tai thanh phd, da 1am ha thap
c4c nén dat cia TPHCM dan dén d6 ngap tang 1én. Viéc khai thac nude ngam quéa mirc duoc
nhén dinh la mot trong nhitng nguyén nhan truc tlep g6p phan gay hién tuong sut lun, “bién
dang” mat dat, khién tinh trang ngap ngay cang tram trong va kho khic phuc hon. Theo nhiéu
két qua nghién ciru do dac, liy ké tir tinh tir nim 1990 dén 2022 TPHCM d sut lan khoang
Im. Trong d6, 10 quan c6 muc do sut lin dang ké, gém cac quan: 2 (nay la TP.Thu Puc), 7,
8, 12, GO Vép, Tan Binh, Binh Thanh, Phi Nhuan, Binh Tan va TP.Tha Btc. Riéng Q.Tan
Binh va Q.12 duoc ghi nhan ¢6 muc sut 1an nén 16n nhat [5].

v. Gi6 Dong Bic: Khi gié Pong Bac manh thoi vé phia Nam va TPHCM trang voi ky
tridu cuong lam cho gia ting lugng nudc tir ctra bién vao sdng kénh rach, nude dang bat
thudng dong thoi lai tao ra “dé long” vung ctra bién han ché rat nudce ra bién [6]. S6 liéu tai
tram hai van Viing Tau lac 3 gio 30 ngay 25/01/2023 | 4,46 m cao nhét trong vong 45 nim
qua (t6 hop triéu cuong cao + gié mua dong bac manh) [7].

Vé nguyén nhan cha quan c6 cac nguyén nhan chinh sau:

i. D6 thi hda 1am mat di mat phu thim nude: TPHCM noi déy 1a diém cudi caa luu vuc
séng Sai Gon—Dong Nai. Nudc cua ca luu vyuc rong I6n don vé TPHCM va db ra bién phia
Pong Nam, c6 dién tich lvu vuc anh hudéng Ién gap 20 lan. Ché d6 thuy vin cia TPHCM rét
phuc tap do hé thdng kénh rach chang chit. D6 thi hoa dién ra, con ngudi chiém chd cua nuéc
va day nudc di noi khac. D6 thi hoa ciing x6a cac mat phi thim nudc mot cach dang ké.
Trudc day, d6 1a nhitng noi thAm nudc hodc luu gitr nude nay tré thanh chd &, cdng trinh,
dién tich mat pha thaim nudc cia TPHCM mét di phan Ién. D6 thi hda con lam bién mét cac
dong chay ty nhién, luu vuc bi chia ¢t hinh thanh cac luu vuc méi. Mot diéu khé quan trong
1a d6 thi hoa tao ra dong chay tran 16n hon rat nhiéu so véi truée day. Thay thé kénh rach
bang cach cong hoa la mot trong nhitng nguyén nhan hay hoai dong chay tu nhién Ién, gay
tac dong dén nudc.

ii. Tiéu tan nang lugng thuy triéu vang ctra séng bi suy giam: Diéu kién triét giam ning
lwong thay triéu ving cira song da bi suy giam do hé thdng ring ngap man vung ctra song bi
thu hep 1am cho séng thuay triéu it bi suy giam nang luong nén cé diéu kién di sdu vao noi d6
TPHCM géy ngap trong noi thanh.
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iii. S6 liéu va phuong phap chua dam bao: sé liéu nghién ctru chwa dap tng, ding sé liéu
ngan han dé tinh toan va phwong phap tinh chwa phu hop véi TPHCM nén hoach dinh cho
cac du an, giai phap mang tinh dai han mau tré nén lac hau.

iv. Hé thdng sbng rach da lau ngay chua nao vét: H¢ thdng séng, kénh, rach tai TPHCM
ching chit 12 mot loi thé diéu tiét khi hau, dem lai khong gian thoang mat va thoat nudc. Thé
nhung, khong gian song nudc dang dan bi thu hep, phan lon da bi bdi ldng, tic nghén dong
chdy, gay ngap. Viéc nao vét, khoi thong dong chay dugc cac tuyén kénh, rach con rat nhiéu
han ché.

v. Y thirc caa mot s6 ngudi dan con han ché: tinh trang xa rac ra kénh rach, cira xa hé
thong cong thoat nudc van con rat pho bién 1am thu hep dong chay, tac nghén h¢ thong thoat
nudc, hd ga, cira xa. Nhiéu noi bi 14n chiém, san 1ap trai phép lam thu hep dong chay, gay
anh huong nghiém trong dén kha ning thoat nudc cua khu vue dic biét c6 nhidu doan séng,
kénh, rach bi khai tu.

vi. Hé théng cng hoat nudc chua dép ung: hé théng cong thoat nudc qué tai cho nén
khong dap Gmg duoc nhu cau thoat nude dic biét khi c6 mua to va thoi gian mua kéo dai [8—
9.

vii. Cong tac quy hoach con han ché, thiéu nhac truéng: dé chéng ngap hiéu qua, viéc
chéng ngap can phai tim nguyén nhan timg diém ngap tir d6 xay dung quy hoach phai dong
bo nhiéu nganh, ké hoach quan ly xu 1y 1au dai dau tu dong bo theo quy hoach. Nhiéu quy
hoach duoc phé duyét hién da khong con phi hop, nhung chua kip thoi bo sung, diéu chinh.
[10].

viii. Tién d¢ trién khai quy hoach con rat cham: vigc trien khai cham céac du &n trong
trong quy hoach da dan dén chat lugng, diéu kién trién khai cac giai phéap chong ngap khong
dap tng yéu cau thuc té. Piéu nay co thé thiy ré o nhiéu tuyén dudng du da trién khai dy an
chéng ngap nhung van xuét hién ngap.

ix. Chua tinh toan duoc hét cac cuc tri khi twong thay vin: nén théng s thiét ké theo
quy hoach da khéng con phu hop véi tinh hinh thuc té khién mot sb tuyén thoat nudc di méi
dugc dau tu ciing tré Nén qua tai.

x. Tiéu chuan thiét ké quy dinh nhiéu khi khdng con phil hop trong diéu kién bién doi
khi hau nén mot sé tuyén duong khi gap mua vuot tan suat thiét ké van xuat hién tinh trang
ngap.

Xi. Bung nd dan sb co hoc: nhimg nam gan day, dan sb tai TPHCM gia tang dot bién dan
dén phé v& quy hoach, kém theo toc do do thi héa qua nhanh, bé tdng hoa bé mat ngay cang
tao sic ép cho cac nhidu mat trong d6 viéc str dung nudc va thai nudc gia ting nhiéu ra hé
thdng thoat nude khong dap tng duoc Vlec thoat nudc gay ngap.

Xii. Hién trang cao do nén thap: cdt nén xay dung do thi khong dong bo di khong tao do
déc phu hop cho viéc thoat nudc va nhiéu khu vyuce con thap hon muc nuéc sdng khi ¢o triéu
cuong nén khéng thé tidu thoat tu nhién ra ngoai.

xiii. Tam nhin vé quan ly va phét trién d6 thi con han ché: thanh phé I6n nhu TPHCM,
tam nhin vé phat trién do thi 1a cuc ky quan trong, vi né quyét dinh dén sy b tri va phat trién
céc khu dan cu, h¢ thdng giao théng thay—bo va he théng tiéu thoat nuge. Chua co tam nhin
Ve phuong én bén vitng va phu hop nhu cau phét trién caa Thanh phd, can cé nhitng nguyén
tac phét trién cho vung dat cao va thap dé TPHCM phét trién bén viing trong nguy co bién
d6i khi hau va nudc bién dang, lun dat [11].

2. Phwong phap nghién ctru va tai li€u thu thap

2.1. Gioi thiéu khu viee nghién ciru

Thanh phé H6 Chi Minh 14 mét trong nhing thanh phd 16n nhét Viét Nam, dong thoi la
mot trong mot trong nhimg trung tdm kinh té, chinh tri, van hoa va giao duc quan trong nhat
cta Viét Nam. Hién nay, Thanh pho H6 Chi Minh (TPHCM) 1a thanh pho truc thudc Trung
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uong dugc xép loai do thi loai dac bi¢t cua Viét Nam, cung voi Thu d6 Ha Noi. Téng dién
tich thanh phd 2.095,06 km? v&i dan sb trén 10 triéu nguoi. Theo Quyét dinh sb 2076/QD—
TTg ciia Thu tuéng Chinh phi ban hanh ngay 22/12/2017 vé viéc phé duyét Piéu chinh quy
hoach x4y dung ving Thanh phé H6 Chi Minh dén nim 2030 va tdm nhin dén niam 2050 da
chi ra dinh huéng phat trién cia Ving Thanh phé H5 Chi Minh bao gom toan b ranh gidi
hanh chinh Thanh phé H6 Chi Minh va 07 tinh 14n can 1a Ba Rja—Viing Tau, Binh Duong,
Binh Phudc, Tay Ninh, Long An, Ddng Nai, Tién Giang. Téng dién tich toan ving khoang
30.404 km?. Thanh phé H6 Chi Minh 14 thanh phd ven bién, c6 song rach chang chit, nén dat
thép nén bi dnh hudng rat 1on cua thuy tridu. Dic biét, theo Trung Tam Diéu hanh Chuong
trinh Chdng ngap nuéc (trude day) thanh phd co téng sd kénh rach 13 2.953 tuyén voi tong
chiéu dai 1a 4.369 km nam tron trong 3 con song 16n 13 séng Pong Nai, song Sai Gon, Vam
Co. Tinh trang ngdp chiu tic dong rat 16n tir ché do tiéu thoat nudc cia 3 con séng ndy. Vao
thoi diém tridu cuong dang cao, nhiéu khu virc - khong c6 mua van xay ra ngép vi cdt nén thap
hon ca muc trleu (Bang 1 va Hinh 1a). Vi thé ma trong nhiing nim gan thanh pho thuong
xuyén phai trién khai hang loat cong trinh chong ngap nhu 1am bo bao, cong ngan tridu, ning
cap cong thoat nudc, nang duong. .. nhung tinh trang ngép van gia ting. Ngoai ra phia thuong
lru thanh phé ¢6 3 hd chira nhu Dau Tiéng, Phuéc Hoa va Tri An anh  hudng truc tiép dén
TPHCM, lii tir luu vure song Mé Kong thong qua hé théng kénh rach ndi lién cac song Vam
C6 v6i vimg TPHCM lam cho myc nude séng, kénh tiang cao. Thiy triéu vao thanh phé trén
song Vam Co¢ tai 3 ctra chinh: Kénh Xéng Lon, Bén Lirc, Thi Bo; trén song Sai Gon—Dong
Nai ¢6 10 cta chinh: Rach Tra, Vam Thuat, Thi Ngh¢, Bén Nghé, Tan Thuén, Phtt Xuén,
Muong Chudi, Séng Kinh, Kinh L va Kinh Hang [12].

Béang 1. Dién tich va cao d6 dia hinh TPHCM (*).

Cao d9 Dién tich %

<+1,0m 876,3 km? chiém 41,8%
+1,0 dén +1,5m 455 km? chiém 21,72%

>+1,5m 783,44 km?  chiém 37,39%

*Nguon: Trung Tam Piéu hanh Chuong trinh Chéng ngap nuéc TPHCM (TTCN) (trude day)

BAN PO CAO PO THANH PHO HO CHi MINH BAN PO HE THONG SONG, KENH, RACH

S. SAI GON
S. DPONG NAI

g

VAM CO /
DONG o~
X >

S. LONG TAU

(b)

CHU THICH
P oo g <+1.0m
B Cso 00 tir +1.0 én +1.5m (a)

Cao d) > +1.5m

S. SOAI RAP/

Hinh 1. (a) Ban d6 cao o TPHCM; (b) So d6 hé tthong séng, rach tai TPHCM (Ngudn: TTCN).
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2.2. Tai liéu thu thap

Thuong ngudn cac sdng TPHCM déu chiu tac do cta cac hd chira (Hinh 1b), nhiéu nim
qua Pai Khi tugng Thuy van khu vuc Nam B9 cung véi Ban Chi Huy Phong tha dan sy —
Phong chéng Thién tai va Tim Kiém ctru Nan Thanh Phé Hd Chi Minh va chu cac hd chira
Dau Tiéng, Tri An, Thiac Mo phdi hop dé diéu tiét nu6c vé Thanh phé HO Chi Minh khong
anh hudng nhiéu cua 1i thuong ngudn do dé trong bao cao nay khong phan tich dién bién i
thuong ngudn. Trong mua kho ciia Nam B khi gié mua phat trién manh thdi vé ving bién
Nam B6 duéi su anh huong cua lue Coriolis lam dong hai lwu ¢6 huéng gan nhu vudng goc
v6i bd bién Nam Bo chay manh vao song 1am muc nude song va d6 min xAm nhap sau giy
hién nudc dang, d6 man nudc song ting cao bt thudng. Do d6 trong bao cao nay khong phan
tich vé dién bién & va gié mua Pong Bic giy ngdp cho TPHCM. Tai liéu str dung bao gom
mua ngady tir nam 1980 dén 2022 cta Tram Khi twong Tan Son Hoa (TPHCM), s6 liéu muc
nude gid tir nim 1980 dén 2022 cua Tram Thiy van Phu An (song Sai Gon) va cac tai liéu
bao cao lién quan dén tinh hinh khi turong thay vin va ngap tai TPHCM [7].

2.3. Phuong phap thuc hién
2.3.1. Phuong phap thu thap, tong hop tai liéu

Phuong phap nay dugc thuc hién trén co s¢ ké thira, phan tich va tong hop cac ngudn tai
liéu va s6 liéu thong tin co lién quan mot cach c6 chon loc nhu s liéu tir cac bao céo, tai lidu
qudc té va trong nudc, tir nhitng nghién ctru/bio céo di dugc cong bd.

2.3.2. Phuong phép chuyén gia

Phuong phép nay huy dong dugc kinh nghiém va hiéu biét cua nhimg chuyén gia lién
nganh vé linh vuc nghién ctru, tr doé s€ cho céac két qua p(’) tinh’ thue tien va khoa hoc cao.
Phuong phap nay duogc thyc hi¢n thong qua viéc tham van y kién cua cac chuyén gia trong
cac linh vuc khi tugng thuy van va ngép.
2.3.3. Phuong phap xéac dinh xu thé

Thuyc hién thu thap cdc ngudn tai liéu vé mua, myuc nude. Xir 1y, phan tich, kiém tra va
tong hop mot cach chon loc, danh gia va sir dung cho yéu cau, muyc dich cta nghién ctru.
Xem xét chudi thoi gian cua yeu t6 khi tuong thuy van; Dé xac dinh xu thé ciia cac yéu t6 str
dung phuong trinh hoi quy tuyén tinh. Xem xét hé s goc ciia dudng xu thé tuyén tinh (Hinh

2):y = a0+ aix; n cd@p so liéu (xi, yi).
_MIXYy=2X3y (1)
ny x2 —(Z:x)2

2
a, = 2 x2— x> Xy )
N> x*—(2x)
y
i A "{)“‘;»
Xu ’h(fgmn, [ L ‘\:L

Xu thé khong bién doi

Hinh 2. Puong xu thé tuyén tinh.

Trong d6 x 13 yéu t6 nao do; x 1a thoi gian; xu thé ting: a1 > 0; xu thé giam: a: < 0; Xu
thé khong bién doi: ai ~ 0.
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2.3.4. Phuong phap phan tich théng ké, mo ta

Théng ké mo ta duge sir dung trong nghién ciru nham mo ta tap hop dir liéu khi tuong
thiy van, bao gom lugng mua, myc nude nhleu nam (1980-2022) dudi dang 5O va biéu do
tryc quan. Céc biéu dd, cac dudng xu thé, hé sd dugc tinh toan va biéu dién trén nén tang cua
Excel, python trén Visual Studio 2022. Tir chudi $6 liéu muc nude gi0 thuc hién tinh cac dac
trung thong ké:

Muyc nudc trung binh ndm, thang, ngay:

- %iHi 3)

V6indm: (n =1 x 24 x (365,366)); thang: (n = 24 x (28, 29, 30, 31); ngay: (n = 24)
Muc nudc cao nhat nam, thang, ngay:
Hyax = (M%?)(Hl' H,,Hs, ..., H(tl;tZ)) 4)
V6indm: (t1 = 365, t2 = 366); thang: t1 =28, 29; t» = 30, 31); ngay: (1 = 24)
Muc nudce thap nhat ndm, thang, ngay:
Hyax = (M-itlzl)(Hl' H,,Hs, ..., H(tl;tz)) (5)
Véinam: (t1 = 365, t2 = 366); thang: t1=28, 29 t> = 30, 31); ngay: (t1 = 24)
3. Két qua va théo ludn
3.1. Dién bién lwong muwa
3.1.1. Luong mua nam
Lugng mua trung binh nhiéu nam (TBNN) (1980-2022) tai Tan Son Hoa (TPHCM) la
2.002 mm, ndm c6 lwgng mua cao nhat 2017 14 2.738 mm, nam co6 lugng mua thap nhat 2002
1a 1.321 mm v6i hé s6 bién thién lwgng mua nam C, = 14,09%, trong vong 43 nam lugng
mua tang thém 335 mm khoang 16,97% gia tri TBNN day la lugng mua gia tang dang ké
dong gop gia tang ngap dugc trinh bay tai Hinh 3.

LUGNG MUA NAM VA XU THE TAN SON HOA (TPHCM) THOI KY 1980 + 2022

] 2738

2
2600 -
3 §
a
i s 3 2 |~ L3
£ 2400 3 .
£ — ~ g ot
= 5 £ M 3
s 2 e
5 2200 im-i - g o i
E 7 1 Ji . im o i3 Ji- 4=
E| o 2 =
2 2 = = [ls:= i 18- =S
5 2000 |G —m—v - — e
R = = P o M
El o 288 5T, 1 = =1 SEMNEN B EEL
= (TP Ry B AP X . ol e L
= by e a-8 S-rE i T bt
1800 (=& iy - LTS i = R4
8 3
1600 |f | 1 S 1 1 RN 158
1400 |f | i i | 5
1200 [ ﬂ
NS ER D3 SEEECT RS RSSO RS ESEECE e TR
M2 SRR B8R E3828283283888 sg88888¢8s8 8585858555888 %3

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

CONSm - =———TBNN  ===Trung v = = Linea

Lugng mua cao nhat ndm = 2.738 mm (2017); Lugng mua thap nhat nam = 1.321 mm (2002) Trong vong 43 ndm lwgng mua cé xu thé ting : 335 mm,
Lugng mua trung binh ndm = 2.002 mm. Hé s& bién thién Cv = 14,08% Twong dwong = 16,97% gia tri trung binh nhigu nam.

Hinh 3. Luong muwa nim va xu thé tai Tan Son Hoa (TPHCM).

3.1.2. Lugng mua thang

Luong mua thang TPHCM c6 2 muia: mia mua (tir thang 5 dén thang 11) va mua kho
(tir thang 12 dén thang 4 nim sau). Lugng mua duoc tap trung trong mua mua voi hé so bién
thién C, tir 30-61% céc thang mua lwong mua khong nhiéu nhung h¢ s6 bién thién C, rat 16n
86-148%. Bién thién ctia lugng mua thang trong miia mua rat 16n thang thap nhét trong mua
mua chi ¢6 9 mm, nhung c6 luc 1én dén gan 600 mm. Dién bién lwong mua thang dwoc trinh
bay tai Hinh 4.
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LUONG MUA TRUNG BiNH THANG TAN SON HOA (TPHCM) THOT KY 1980 + 2022

600, 160
148 — 575
= 559
AN G
500 126 = = 494 1= 493
. A — 467| Y
— 455 120
= n =z
£ 400 &
8 100 o
- 10: e
g =Y 3fs z
£ 300 r w 3
5 E
&
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200 :
— 136 Sao 40
100 L 4
o N —_3 ® 20
: & g
SR R :
o - " 16} 4
Théng 1 n Som : o vin S X
3 o 2 3 C3Trung binh C1D6 léch chudn — Lén nhat
Nguon: Dai Khi tugng Thiiy vin khe vire Nam B ] MR i
(e ong Thiy L Lz = Thap nhat = Trung vi “a-Hé 55 bign thién (%)

Hinh 4. Hé sb bién thién va lugng mua thang tai Tan Son Hoa (TPHCM).

Thoi ky 1}980—2022, trung binh hrqng‘ mua cac théng mua mua tai Tan Son Hoa
(TPHCM) chiém ty 1€ 90,40% tap trung nhicu tir thang 7 dén thang 10; Nam thang con lai
cua mua kho chi con 9,60%. Ty 1€ phan bo lugng mua thang trong nam nhu Hinh 5.

TY LE PHAN BO LUONG MUA TRUNG BINH THANG (%) TRONG NAM
THOI'KY 1980 =+ 2022 TAI TAN SON HOA (TPHCM)
 Thing
B Bl
T2
mT3
T4
m TS5
-~ mT6
Catr
- mT8
CmTo
= T.10
T
mTi12

T1;
i T3;1,52
. T2;0,91 i L
T.12; 2,180 0,91 : " taia08

T.6; 12,94

| Ngudn: Dai Kni nwgng Thiy van ki viee Nam 85|

L

Hinh 5. Ty 1¢ phan bd lugng mura thang trong nam tai Tan Son Hoa (TPHCM).

Qua 56 liéu thong cac thap ky, thoi ky 20102019 céc thang dau mia mua 5, 6, 7 lugng
mua trung binh thap hon cac thap nién truge do, ngugce lai cac thang 9, 10, 11 déu cao hqn
cac thap nién trudc do, cac thang nay 1a triéu cao néu trung voi mua 16n gy ngép, dién bién

mua tirng thap nién trinh bay tai Hinh 6.

" LUONG MUA TRUNG BINH THANG CAC THAP NIEN THOI KY 1980 = 2019 TAN SON HOA (TPHCM)
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Thang = 1 1 n v v VI v Vil IX - X Xl XIE
01980 + 1989 01990 + 1999 @2000 = 2009

E2010:+:2019 = Trung binh (1980 = 2019) = =<Cao nhét (1980 = 2019) l Ngubn: Dai Khi twgng Thiiy viin khu viee Nam B§ k
= Thap nhat (1980 = 2019) = Trung vi (1980 +2019)

Hinh 6. Luong mua trung binh thang 4 thap nién 1980-2019 tai Tan Son Hoa (TPHCM).
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3.1.3. Thoi ky bét dau va két thac mia mua

Thoi ky bét ddu ciia miia mua trung binh tai TPHCM thoi ky 1980-2022 13 ngay 14/5,
ngdy bit dau mua mwa sém nhit 1a ngay 31/3/2009 va ngdy mua mudn nhit 18/06/2005.
Chénh 1éch ndm sém nhat va mudn nhat cac nam la 80 ngay duoc trinh bay tai Hinh 7.

Thoi ky két thic cia mia mua trung binh tai TPHCM thoi ky 1980-2022 13 ngay 02/11,
ngay két thuc mua mua sém nhat 1a ngdy 04/10/1996 va ngdy mua két thiic mudn nhat
15/12/2005. Chénh 1éch ndm sém nhat va mudn nhit qua cic nim la 73 ngay duoc trinh bay
tai Hinh 7.

~
< 5 B o - N « . s
NGAY BAT PAU & KET THUC MUA MUA TAI TAN SON HOA (TPHCM) THOI KY 1980 + 2022
o102 29/04
15103 | Newdn: Dii Kii nuwpng Thiiy vin ki vice Nam B | E s
= =

2403 2|2 H - $30/03

15/04. fn | é 2| . & - s 15/03
b ES = E £ A g S|l 118l 280z
S asps | = — = = B = = 1302 =
£ L = - s 2 3 £
5. 3ves — L= ] = o 29/01 &
E 10 = — — wor &
B 2908 sonz  E
B 1a/07 — 1542 3
& 2om7 B g g
Z 12/08 £ € =) s bt 2
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Nam Q-

Nam: S S . 2 :

I Ngay bat dau mia mua ' I Ngay két thide moa mua 00— Ngay bat @au mua TBNNG D
Ngay két thic mua TBNN — = Linear (Ngay bt du mua mua) = = Linear (Ngay ket thucmua mua)

Ngay bit dau mila mua som nhat thai ky 1980 + 2022= 31/03/2009; Ngay ket thic miua mua sém nhat thoi ky 1980 + zozz 04/10/1996

Ngay bt dau mua mua muén nhat thai W‘QBU :2022=18/06/2005; Ngay Kt thac miia mua muén nhat thaiky 1980 = 2022= 15/1272005;

Ngay bat dau maamia tring binh.théi gy 1980..+.2022=114/05 Ngay két thic mia mua trung binh thai ky 1980 + 2022= 02/11

Bién thien ngay bat dau mua mua thai ky 1980 = 2022= 80 ngay. Bign thién ngay két thic mua mua thai ky 1980 = 2022= 73 ngay:

/

Hinh 7. Thoi ky bat dau va két thiic mua mua tai Tan Son Hoa (TPHCM).

S6 ngay mua mua tiy thudc dién bién ngay bit dau va két thac mua, nhirng ngay nay
bién dong rat 16n 1am cho sb ngay ciia miia mua c6 nhiéu thay doi. S6 ngay mua mua trung
binh 172 ngay, s6 ngdy miia mua mua mua nhiéu nhat 230 nim 1999, s6 ngay mua mua it
nhét 132 ngay nam 2010 duoc trinh bay tai Hinh 8.

sO NGA\’ CUA MUA MUA TAI TAN SO’N HOA (TPHCIVI) THOI KY 1980 + 2022
250
: 230
230 —
210 1| | ! 1| ) ! L ot |
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190 81 1 1 — == — 1 — 183 B i
e 177|179 7| 177 180 73 — 178 178
o 7 =l []Y3)170 Flane [
= 168 168 — . - 4168
: 170 s ] 15166166 157 - I 166 seTies
5 152 M M 154/—
. - 148
“g’: 150 141 14z |44 142
;2 134 132
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.90
70 i { Nguén: Dai Kii tiwrgng Thiiy vin khu viee Nam Bo
i O
- o & o o ) qQ > o o 3 > o o G Q > © o o 13
el AR R R A A R R R
[5G hgay thai ky mia mua ———56 rigay thai ky mia mua TBNN
Sé ngay mua mura trung binh thei ky 1980 = 2022 = 172 ngay, 'S6é ngay miia mira nhiéu nhat = 230 ngay (1999). Sé ngay mia mua it nhat = 132 ngay (2010)

Hinh 8. Sé ngay cua muia mua tai TAn Son Hoa (TPHCM).
3.2. Dién bién ngay mua

3.2.1. S6 ngay mua nim

S6 ngay mua trung binh nam thoi ky 1980-2022 1a 162 ngay, nam 1999 c¢6 s6 ngay mua
nhiéu nhat 12 201 ngay, nim 2015 c6 s ngay mua it nhit 1a 130 ngay. Trong 43 nim s6 ngay
mua ndm tai TAn Son Hoa (TPHCM) ¢6 xu thé giam nhung luong mua lai ting 1én dan dén
cac ngay mua co lugng mua 16n tang 1€n gay ngap dugc trinh bay tai Hinh 9.
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.
SO NGAY MUA NAM VA XU THE TAN SON HOA (TPHCM) THOI KY 1980 + 2022
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: CEINEmS ——TB e Trung Vi = = Linear (N&m)
$6 ngay mua cao nhat nam = 201 ngay (1999); S& ngay mua thap nhat nam =130 ngay (2015)
S6 ngay mufa'trung binh nam = 162 ngay. Hé sé bién thién Cv.= 9,38%

Hinh 9. S6 ngay mua nam va xu thé tai Tan Son Hoa (TPHCM).

3.2.2. S6 ngay mua thang

) S6 ngay mua cac thang tir thang 5 dén thang 10 phd bién trén 15 ngay mua, tur thang 7
dén thang 10 c6 mua thang trén 27 ngay, cac thang mua khé c6 hé so bién thién lon va s6
ngay mua 1 dén 17 ngay duoc trinh bay tai Hinh 10Error! Reference source not found..
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B S Sl S S e S -
| o 2|25 T==28 e
o “”\ P ) S
PR - . i
g o _
g 4"/ M1 * =22 22 N %
B -2 A 21 =21 sp2 | %0 &
>0020° a1 ) SN]SO (il | ) g
.’&.: §§
B . —n 2
. K T® T® T e e
S 1 : s
S —13 " BEU &
s 5 ] "
e i
: R 218 RO
e ‘ l — TN / 2
pRsTpat s pinnas
B | S e, | Sl

e LI TR

B 1 1 1|

0 o

S Thang o R R L NI X X R .
lNguon BDai Khi twong Timy van khu vwe Nam Bp l ;'Tr‘qng bmh = ! ; He s th}en (%)

s Lénnhdt o —Trlmgm s

Hinh 2. S6 ngay mua trung binh thang tai Tan Son Hoa (TPHCM).

S6 ngay mua ctua mua mua thoi ky 19802022 tai Tan Son Hoa (TPHCM) trung binh
ch1em ty 1¢ 85,87%; Nam thang con lai cia mua kho sd ngdy mua chi con 14,13%, nam 1982
s6 ngay mua tap trung trong mua mua véi ty 1¢ sb ngay mua 1én dén 99,39%, nim 1999 ¢
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s6 ngdy mua trong mua ty 16 thap75,12% duoc trinh bay tai Hinh 11Error! Reference source
not found..

TY LE PHAN BG SO NGAY MUA TRUNG BINH THANG (%) TRONG NAM -
THOI KY 1980 + 2022 TAI TAN SON HOA (TPHCM)
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Hinh 3. Ty 1¢ phan b6 s6 ngay mua thang trong nim tai TAn Son Hoa (TPHCM).

3.2.3. S6 ngay mua > 50 mm

S6 ngay mua to trén 50 mm trong vong 43 nim qua ting thém 3 ngdy twong duong voi
gid tri 401,92% so v4i TBNN duoc trinh bay tai Hinh 12.

- 56 NGAY MUA LUGNG MUA 2 50 mm NAM VA XU THE TAN SON HOA (TPHCM) THOI KY 1980 + 2022
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E=INEm —T8 == Linear (N&m) Trong vong 43 nim, s6 ngay mua 2 50.mm
S6 ngay mua z 50 mm cao nhdt nam = 14 ngay (2007, 2017); S¢ ngay mua = 50 mm thap nhat nam = 2 ngay (1988, 2011) Xu th& ting: 3 ngay.
S8 ngdy mua > 50 mm trung binh ndm = 7,2 ngay. Hé s6 bién thién Cv = 42,05% Bing véri 41,92% s0 véri TBNN

Hinh 4. S6 ngay mwa > 50 mm nim tai TAn Son Hoa (TPHCM).

S6 ngay co lugng mua trén 50 mm tap trung chu yéu tir thang 8 dén thang 11, cac thang
nay la thoi ky trieu cuong cao & TPHCM thuong gay ngap dugc trinh bay tai Hinh 13.
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S6 NGAY MUA = 50 mm TRUNG BINH THANG TAN SON HOA (TPHCM) THOT KV 1980 = 2022
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Hinh 5. S6 ngay mwa > 50 mm thang tai Tan Son Hoa (TPHCM).

3.2.4. Mua do bio anh hudng truc tiép

Mua do xody thuan nhiét doi bao gdm bdo va ap thap nhiét d6i (XTND) & Nam Bo
thudng xay ra khi XTND d6 bd hodc c6 anh hudng tir khu vuc Ninh Thudn—Binh Thuin dén
Ca Mau—Kién Giang. Nhin chung mua XTND nhiéu hon & khu vuc bong Nam B9, hoac céac
tinh ven bién Ty Nam Bo. Mua XTND thudng tap trung chu yéu trong ngay XTND d6 bo,
anh huong tryc tiép hoac XTND da di qua [13].

Mot ving ap suat thap hinh thanh trén khu vyc trung tim phia Bac ciia Thai Binh Duong,
ving ap thip di chuyén vao Tay Bic Thai Binh Dwong da manh 1én thanh ap thap nhiét doi
(ATND) vao ngay 9 thang 11, d6 b vao tai Philippines ngay 20 thang 11. Pay 1a mot con
béo co duong di twong d6i dai. Dén sang ngay 23 thang 11 thi manh Ién thanh bdo & bién
Dbong voi tén quoc té 1a Usagi. Do anh huong cua khong khi lanh manh va tuong tac voi dat
lién, strc gi6 cua bao da suy yéu xudng con cap 8 giat cap 10 trén vung bo bién Ving Tau—
Thanh phé H6 Chi Minh sang ngay 25 thang 11. Trua cung ngay bao d6 bo vao Can Gio (TP.
Ho Chi Minh), sau suy yéu thanh ATND va cubi cing 1a mot ving thap trén khu vuc TP. HO
Chi Minh. P ¢6 luong mua 2 ngay 1a 449 mm giy ngp toan thanh phd.

Téng Irg'ng mwa (mm) thei gian hoat dong cia bao XTND USAGI (0918VN)
Tir ngay 13/11/2018 dén 26/11/2018 tai khu vec Nam B¢ (14 ngay)
Téng lwong muwa nhirng ngay bido USAGI (0918VN) anh hu'o'ng dén Nam Ba tir 25/11 dén 26/11 (2 ngay)
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O Téng lirgng mura nhibng ngay bao USAGI (0918VN) anh hiréng dén Nam Bj tir 25/11 dén 26/11 (2 ngay)

O Lweng mwa cao nhat 24 gie (mm)

Hinh 6. S6 ngay muwa > 50 mm thang tai Tan Son Hoa (TPHCM).

3.3. Dién bién muc nudc

Tram Phi An dét bén bo phai song Sai Gon, trong khu vie Cong vién Cang Du Lich
Bach Pang, trén duong Ton DPtic Thang, phuong Bén Nghé, Quan I, TPHCM. Che do dong
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chay trén song Dong Nai—Sai Gon doan chay qua Phti An hoan toan chiu anh huéng ciia ché
do ban nhit triéu khong déu cia bién Dong. Tir thang 7 dén thang 12 dong chay ¢6 anh hudng
cua 1 thuong ngudn cua Ho6 Dau Tiéng—Phudc Hoa nhung dong chay van thé hién ché do
triéu 16 rét. Muc nude cao nhét trong nim thuong roi vao thoi gian tir thang 10 dén thang 1
nam sau, myc nudc thdp nhat trong nim hay xuat hién vao hai thang 6 va 7.

3.3.1 Dién bién muc nuéc trung binh, cao nhat, thap nhat

Muyc nudce trung binh thoi ky 1980 + 2022 tai tram Pha An 1a 12 ecm. Myc cao nhét do
duoc tai tram Pha An 13 174 cm (2019). Muc nudce thip nhit tai Pha An 1a —256 cm (2005).
Trong vong 43 nam qua:

Muyc nude trung binh tang 19,5 cm, (trung binh moi nam tang 0,5 cm); Muyc nude cao
nhit ting 55,6 cm, (trung binh moi nam ting 1,3 cm) tang gap d6i so v6i tram hai vin Viing
Tau; Myc nudc thap nhit ting 9,1 cm, (trung binh mdi ndm ting 0,2 cm); Tinh thoi ky 1996
+ 2022 trong vong 22 nam qua: Myc nudc trung binh tang 11,5 cm, (trung binh moi nam
tang 0,5 cm); Muc nudce cao nhét tang 42,4 cm, (trung binh mdi nim tang 1,6 cm); Muc nude
thip nhét giam —4,4 cm, (trung binh mdi nam giam —0,2 cm); Chi tiét dugc trinh bay tai cac
Hinh 15, Hinh 16, Hinh 17.
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Hinh 7. Muc nude trung binh ndm tai Phit An (TPHCM).

MUC NUGC CAO NHAT NAM THO1 KY 1980 + 2022 TAI PHU AN (SONG SAI GON - TPHCM)
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Hinh 8. Muc nudc cao nhit nam tai Phu An (TPHCM) va Viing Tau.
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MUC NUGC THAP NHAT NAM THOI KY 1981 = 2017 TAI PHU AN (TPHCM)
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Hinh 9. Muc nudc thip nhit nam tai Phu An (TPHCM).

3.3.2. S6 gio, s6 ngay muc nudc > bao dong I, bao dong I1, bao dong III

Theo Quyét dinh s6 05/2020/QP-TTg ngay 31 thang 01 nam 2020 “Quy dinh myc nudc
tuong ng voi cac cap bao dong 1ii trén cac song thudc pham vi ca nudc” Myc nude twong
g v6i cac cip bao dong tai Phii An 1a cip 1= 1,40 m, cap II= 1,50 m, cap I1I = 1,60 m.

S6 liéu myc nude (H) gid tram Pha An tir nam 1980 dén 2022 c6 nhimng két qua sau:

a) Sé gi0 myuc nudc > bao dong I, bdo dong 11, bado dong III

Muc nudce gid tai Phit An muc nude twong Gng véi cac cip bao dong tai Phit An tir bao
dong I tro 1én bat dau tir thang 9 dén thang 4 nam sau (Hinh 18). Trudc ndm 2006 khong c6
muyc nudce trén bao dong I tro 1én, tir 2006 xut hién muc nudc cap bao dong ngay cang nhiéu.
Nim c6 s6 gio H > BDI cao nhét: 394 gidy (2022), TBNN: 61,5 gio. Nam c6 so gio H > BDII
cao nhét: 150 gio (2022), TBNN: 19,0 gio. Nam c¢6 so gio H > BBIII cao nhat: 29 gid (2020),
TBNN: 4,2 gio (Hinh 19). Tinh tir nim 2006: S6 gio H > BBI cao nhat nam: 394 gio (2022)
gio, TBNN: 145,7 gio. SO gio H > BPII cao nhat ndm: 150 giv (2022), TBNN: 45,5 gio. S6
gio H > BBIII cao nhat nam: 29 glo (2020) TBNN: 10,0 glo’
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Hinh 108. Sé gié muc nude > bao dong I, bao dong I1, bao dong 111 thang tai Phit An (TPHCM).
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SO GIO' MFC NU'O'C TRONG NAM = BBI, BDII, BBDII TAI PHU AN (TPHCM) THOIKY 1980 + 2022
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Hinh 19. S6 ngay muc nuéc > bao dong I, bao dong II, bao dong II1.

Muc nude ngay tai Phu An muc nude tuong tng véi cac cap bao dong tai Phu An tir bao
dong I tro 1én bat dau tir thang 9 dén thang 4 ndm sau (Hinh 18, Hinh 20). Trudc nim 2006
khong c6 myc nude trén bao dong I trd 18n, tir 2006 xuat hién muc nude cip bao dong ngay
cang nhiéu. Nam c6 sé ngay H > BPI cao nhat: 117 ngay (2022), TBNN: 61,5 ngay. Nam c6
s6 ngay H > BPII cao nhat: 150 ngay (2022), TBNN: 19,0 ngay. Nam c6 s6 ngay H > BBIII
cao nhat: 29 ngay (2020), TBNN: 4,2 ngay (Hinh 21). Tinh tir nim 2006, nim c6 sé ngay H
>BPI cao nhat: 117 ngay (2022) ngay, TBNN: 49,1 ngay. Tinh tir nam 2006, nam co sO ngay
H > BDI cao nhat: 117 ngay (2022) ngiy, TBNN: 49,1 ngay. Nam c6 5O ngay H > BDII cao
nhat: 63 ngay (2022), TBNN: 17,7 ngay. Nam c6 s6 ngay H > BDIII cao nhat: 19 ngay (2022),
TBNN 50 ngay
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Hinh 20. S6 ngay muc nudc > bao dong I, bao dong II, bao dong I1I thang tai Phi An (TPHCM).
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Hinh 11. S6 ngay muc nudc > bao dong I, bao dong II, bao dong 111 nam tai Phi An (TPHCM).

3.4. Thiét hai do ngdp

Musa 16n kéo dai, triéu cao va téc do thoat nudc khong kip thoi thuong gay ngép trén
dién rong, tic nghén giao thong, tac dong ti€u cuc dén cac hoat dong kinh té, 6 nhiém moi
truong va anh hudong dén stc khoe cong dong. Tai hoi thao tim giai phap chdng ngap do Béo
Tién Phong t6 chirc hi nam 2018, ong Lé Vin Thanh (Vién Nghién ctru Phat trién TP.HCM)
da thong tin, cac khu vyc bi anh huong do ngap nude chiém dén khoang 2/3 dién tich toan
Thanh phé, tic dong tiéu cuc dén doi sdng, sinh hoat, viéc 1am cua gan 3 tri¢u nguoi dan;
woc tinh thiét hai do ngap nudc tai TP.HCM 1én dén 1.500 ty mdi nim, Dé budc dau danh
gi4 thiét hai cho ngap Pai Khi tuong Khu vuc Nam B da trién khai thuc hién dé tai “Diéu
tra khao sat va danh gia thiét hai do ngéap lut dén kinh té—xa hoi; xay dung ban do thiét hai
do ngap lut phuc vu cong tac chdng ngap, quy hoach d6 thi trén dja ban Thanh phd H6 Chi
Minh” két qua nghién ctru lam co s& khoa hoc xé4c dinh lugng hoa cac dang thiét hai kinh té.

4. Két luan

Mua mua & TPHCM dién ra tir dau thang 5 ti thang 11 hang niam cung véi tridu bién
Dong rat manh tir thang 9 dén thang 2 ndm sau. Thoi ky nay khi muwa 16n, nhat 1a khi c¢6 thém
triéu cao, tic dong cua bio 1 1a nguyén nhan gay nén ngap lut & nhiéu noi, lam thiét hai dén
tai san va ca tinh mang cua nguoi dan. V6i nhiing 5O liéu do dac gan nira thé ky qua da cho
thdy hai yéu t6 mua 16n; tridu cudng cao cung véi 4 yeu t6 chinh 13 d6 thi hoa lam mat di mat
phu thAm nudc va dong chay tu nhién; lun d6 thi dién ra trén dién rong, hé thong thoat nudc
khong dap tng kip thoi cho ti€u thoat nudc, rung ngdp man ctra song bi thu hep 1a nhitng
nguyén nhan chii yéu dan téi viéc ngap lut tai TPHCM. Theo thoi gian nay, myc nudc cac
song trong TPHCM dang 1én rét rd, dic biét sb ngay trén myc nudc trén cac mic bao dong
tang rd rét. Luong mua ciing tang 1én theo thoi gian. Dé phuc vu cong tac chong ngap Dai
Khi tugng Thuy van khu viuc Nam B9 d trién khai thuc hién thir nghiém dé tai “Nghién ciru,
xdy dung va trién khai thie nghiém hé thong canh bdo sém ngdp lut d6 thi dwa trén nén ting
tri tué nhan tao tai Thanh pho Ho6 Chi Minh” thir nghiém cho thanh phé Thu Pirc ¢6 tinh
g dung va thyec tién cao nang cao hiéu qua phuc vu phong chéng ngap nudc [14]. Bé nang
cao hon nita du bao, canh bao chi tiét mua lon, triéu cao, ‘ngap lut do thi tthoi gian to1 can
xay dung hé thdng canh bao sém dong bd bao gdm nang cip cp hé thong radar thoi tiét, cac
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phﬁn mém cong du du bdo canh bao mua 16n, triéu cuong, ngdp lut d6 thi, thong bao kip thoi
rong rai dén moi ngudi va dao tao ngudn nhan luc van hanh trén.

bong gop cua tac gia: Xay dung y tuong nghién ciru: D.Q.T.; Lua chon phuong phap nghién
cau: L.D.Q.; Thu thap nguyén nhan ngép: N.N.N.; Thu thép s6 liéu va chinh ly: N.P.C.; Tinh
todn va xtr 1y so liéu: N.N.D.; Viét ban thao bai bao: N.M.G.; Chinh stra bai bao: L.N.Q.

Loi cam on: Nhom tac gia xin chan thanh cam on Dai Khi tuong Thiy van khu vuc Nam B¢ da
cho khai thac su dung $6 liéu va cac bao cdo tao diéu kién dé nhom tac gia trinh bay nhiing Kkét
qua nghién ctru cua minh.

Loi cam doan: T4p thé tac gia cam doan bai bao nay 13 cong trinh nghién ciru cia tap thé tac
gia, chua dugc cong bd & dau, khong dugc sao chép tir nhimg nghién ctru trude day; khong co
sur tranh chap loi ich trong nhom tac gia.
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The main causes of flooding in Ho Chi Minh City

Nguyen Minh Giam?", Le Ngoc Quyen?, Nguyen Nam Duc?, Dang Quang Thanh?, Le
Dinh Quyet?, Nguyen Ngoc Nguyen?, Nguyen Thi Phuong Chi3
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nnnguyen82@gmail.com
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Abstract: Ho Chi Minh City with its geographical location and relatively favorable natural
conditions, a dynamic and strongly developed city. But there are still many inadequacies,
the biggest of which is the flooding in the city. The City has come up with many solutions
to reduce flooding, but in reality, the effectiveness of those solutions is not very effective
when there is heavy rain and high tide and flooding still occur. There are many causes of
flooding, in this report using data related to rainfall and tide water level at Tan Son Hoa
meteorological station, Phu An hydrological station and Vung Tau marine station, perform
an analysis of these factors and further clarify the evolution over time of these factors to
flood Ho Chi Minh City.

Keywords: Meteorology; Hydrology; Flood-tide; Heavy rain; Flooding; Ho Chi Minh City.
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Xay dung Phwong an dy bao xam nhap man trén cac song chinh
cua tinh Bén Tre

Ping Hoang Lam'", Nguyén Phwéc Pinh? Nguyén Vin S§3

! Ppai Khi twgng Thay van tinh Bén Tre, Pai Khi twong Thay van Khu vuc Nam B, Tong
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Tém tit: Hing nam vao mua kho, cic song trén dia ban tinh Bén Tre thuong bi xam nhap
man, gy anh huong dén san xuat, dan sinh tir thang 02-04, d6 man 4%o0 xam nhap cach
C4c ctra song trung binh 40-50 km. Do d6, can c6 du bao vé tinh hinh xdm nhap min cia
tinh nham gitp dia phuong c6 ké hoach san xuat phu hop. Trong nghién ctru nay sir dung
phuong phap két hop mé hinh MIKE 11, MIKE 21 va hién thi két qua ban d6 trén nén
ArcGis. Két qua nghién ciru cho thiy: dbi vai thoi han du bao 10 ngay, phwong 4n dy bao
c6 dg du tin cdy trén ca ba song chinh; ddi voi du bao thoi han thang, phuong &n c6 do tin
cdy rat tot trén song C6 Chién, du d tin cdy ddi v6i song Ham Ludng va khong du do tin
cay ddi v6i song Cira Pai; ddi v6i du bao thoi han mua, phuong an ¢ do tin cay rat tot ddi
v6i song C6 Chién, dii do tin cay ddi v6i song Ham Ludng va khong du do tin cay ddi voi
song Cura Dai. Phuong an du bao da dugc Pai Khi tugng Thuy van tinh Bén Tre ap dung
vao nghiép vu du bao cho mua khé ndm 2022 va nhiing nam tiép theo, nhét 1a du bao thoi
han 10 ngay va thoi han thang.

Tir khéa: M6 hinh Mike 11; Mike 21; AcrgGis; Xam nhap min; Bén Tre.

1. Pt van dé

Xam nhap man 1 vin d& rat duge quan tim khong chi trong nudc ma con & ngoai
nude, nhat 1a cic nim gan dy. Dé tinh toan vé man, cac nha nghién ciru da sir dung nhiéu
phuong phap dé tinh toan va mé phong phong qua trinh xAm nhap man. Phuong phap chu
yéu la phuong phap mé hinh hoa hay cac mé dun thuy luc két hop v6i mod dun tinh toan lan
truyén va van chuyen chét. Trong vai nim gan déy, trén thé gidi c6 mot s nghién ciru Ve
tac dong cua Bién doi khi hau cting da dugc cong b6 sir dung mo hinh MIKE 21 d¢é tién
hanh danh gia tac dong cua Bién d6i khi hau dén d6 man trén song Mé Cong. [1] da Cong
bd cac nghién ciru st dung mé hinh tri tué nhan tao dé du bao bién dong d6 man do Bién
d6i khi hau gy ra trén ving ctra song Savannah.

[2] str dung m6 hinh mo phong Spatio-thoi gian ¢ min theo mo hinh s MIKE 21
dudi cac diéu kién thuy vin khac nhau. [3] nghién ctru su bién d6i d6 min va bao céo rang
md hinh ¢6 kha ndng mo6 phong dd man bé mit bién mot cach thich hop. [4] da dy doan su
thay d6i d6 min theo mua bang mot mé hinh mé phong hd chira ning dong (DYRESM) &
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Ho Dexter Pit. Két qua chi ra mdi lién hé phu hop giita gia tri md phong mudi va quan tric.
Nghién ctru cac yéu t6 anh hudng cliia xdm nhdp min & cta song Chéu Giang va st dung
bén vimng tai nguyén nudc tai song Chau Giang [5] dé danh gia tAm quan trong cua nudc
thuong ngudn, hd chira dén qua trinh day 1ui min trong thoi ky khé han nam 2006-2007 va
2007-2008.

Mot s nha khoa hoc Viét Nam dién hinh 13 ¢6 Gido su Nguyén Nhu Khué, Nguyén An
Nién, Nguyén Tat Dic, Nguyén Vin Diép, Nguyén Minh Son, Trin Vin Phuc, Nguyén
Hitu Nhan [6-8]... dd xdy dung thanh cong cic md hinh thuy luc mang song két hop tinh
toan xam nhép triéu man nhu VRSAP, EKSAL, FWQ87, SAL, SALMOD, HYDROGIS...
Céc bao cdo trén chu yéu tap trung xdy dung thuit toan tinh todn qua trinh xAm nhap min
thich hop v&i didu kién dia hinh, KTTV ¢ dong bang song Ciru Long Két qua dugc nhin
nhan kha quan va budc dau mot sé6 mé hinh di thu nghi¢ém tng dung du bao xam nhap
man. Trong khuon khé Chuong trinh Bao vé Méi truong va Phong tranh thién tai, KC - 08,
[9] d4 str dung cac md hinh: SAL, VRSAP, KOD va HydroGis dé dy bdo xdm nhap min
cho mét sd song chinh theo cac thoi doan dai han (6 thang), ngan han (nira thang) va hang
ngay cho khu vuc dong bang song Ciru Long.

O BBSCL tuy theo quy m9, ddc trung ctia khu vue nghién ciru ma cac tac gia chon quy
mo mang ludi song, cac dir liéu can phai dua vao mé hinh, quan trong nhét van 1a qua trinh
hiéu chinh va kiém dinh mé hinh, c4c nghién ctru [10-20] xdy dung mo hinh Mike 11 dé
tinh toan myc nudc va xam nhdp man cho PBSCL. Tu do, xay dung céc kich ban dy béo
cho x&m nhép min trong tuong lai theo cac kich ban bién doi khi hau va nudc bién dang da
dugc cong bd. Trong cac nghién ciru d6, c6 mot nghién ctru [11] sir dung mé hinh Mike 11
dé du bao xam nhap min ctia Khu viuc Nam Bo. Két qua caa nghién ctru da hd trg hd tro
nghiép vu du bdo, canh bdo xam nhap man cho cac Pai KTTV tinh thudc khu vuc Nam BJ.

Va ¢ tinh Bén Tre ciing dd ¢ nghién ctru du tinh xAm nhdp min trén dia ban tinh theo
kich ban Bién d6i Khi hau dén 2050 bang Mé hinh Mike 11 [21]; nghién ctru du bao xam
nhap man vao cic cira song ciia Bén Tre nam 2021 bang mo hinh ARIMA két hop véi GIS,
nhung chi du bao dén 7 ngay va chi dy bao & khu vuc gan cira séng [22].

D3 c6 nhiéu dé tai va nghién ctu di tng dung nhiéu mé hinh vao dé tinh toan min,
nghién ctru xAm nhdp min trong va ngoai nudc ndi chung, ciing nhu PBSCL va tinh Bén
Tre ndi riéng ma Pai KTTV tinh Bén Tre thi chu yéu sir dung phuwong phép thong ké, tham
khao két qua du bao ciia Pai Khi twong Thity vin Khu vuc Nam Bo két hop véi kinh
nghiém cua dy béo vién la chinh dé dua ra du bao xam nhap man cho tinh. Do do, can thiét
phai xay dung phuong an du bao xam nhdp mdn img dung moé hinh vao du bao nghiép vu
ctia Pai KTTV tinh Bén Tre. Muc dich nghién ciru Xay dung dwoc phuwong an du bao xam
nhdp man trén cac song chinh cua tinh Bén Tre véi do tin cay on dinh cho tung thoi han du
bao 10 ngay, han thang va han mua, nham phuc vu cho cong tac du bao cta cac du bao vién
vé xdm nhdp man ¢ dia ban tinh Bén Tre bang moé hinh Mike 11 két hop Mike 21 va
ArcGis.

2. Phuwong phap nghién ctru va dir liéu sir dung

2.1. Gioi thiéu khu viec nghién ciru

Bén Tre 1a mot tinh c6 chiéu dai bo bién 65 km, nam ¢ phia Pong Nam Pdong bang
song Ctu Long. Bén con song chinh dd ra cac bon cira: Ham Luong, C6 Chién, Cira Dai,
Ba Lai (c6 cong dap Ba lai nim 2002) bao boc va chia Bén Tre thanh ba phan: cu lao An
Hoa, cu lao Bao va cti lao Minh. B6n con séng nay cung véi hé thong kénh rach chang chit
la ngubn cung cap nude truc tiép cho toan bod hoat dong san xuat va sinh hoat cua tinh, tao
diéu kién thuan loi cho Bén Tre trong phat trién kinh té vuon, néng nghiép, dong thoi cung
tao cho Bén Tre nhiéu khé khin do chiu anh hudng ndng né cua thién tai, nhat 1a tridu
cuong, xam nhap man, sat 1& bo song, bo bién... Hang nam vao mua kho, cac song trén dia
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ban tinh thudng xuyén bi nhidm min, va thudng anh huéng dén dan sinh va san xuat tir
thang 02, d6 man 4%00 xAm nhap cach cira song trung binh 40-50 km.

\\ Tién Giang

Vinh Long

Chu giai
~_Song, rach|

Hinh 1. Ban dd tinh Bén Tre.

Mua khd 2019-2020, xAm nhdp min dién bién phuc tap, gay git, khoc liét va vuot muc
xam nhap man lich sir mua khd 2015-2016. Do gbép phan cua cong tac du bao, canh bao
som xam nhdp min chinh xac, két hop véi kinh nghiém phong chdng xdm nhip min cia
dia phuong nén mdc du mua khé 2019-2020 xam nhap sém hon, sau hon, kéo dai hon
nhung thiét hai vé nong nghiép thap hon so véi mia kho 2015-2016.

2.2. Thiét ldp mé hinh

Nghién ctru di tién hanh xay dung bo md hinh cho khu vuc tinh Bén Tre véi mang
song duoc gian lugc chi con 47 sdng, kénh chinh tir Kratie tgi cac cira sdng ven bién véi
1946 diém nat nham phu hop vai s6 liéu tu cung cap duoc nhiéu nhat cé thé tir Pai KTTV
tinh Bén Tre (Hinh 2).
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Hinh 2. So' dd héa mé hinh MIKE 11.

Pham vi cia m6 hinh MIKE 11 trong nghién nay bao gom: (1) Trén khu vuc cua
Capuchia gom: dong chinh S6ng Mé Kéng tir Kratie va S6ng Tolesap; (2) Trén khu vuc caa
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Viét Nam gdm céc nhanh dong chinh séng Ciru Long: Séng Tién, séng Hau, C6 Chién,
Cung Hau, Ham Lubng, Cira Dai, Ctra Tiéu, va cac kénh cép 1, cap 2.

Bién trén: Muc nudc do dugc lUc 7 gio sang tai tram Kratie va Prekdam.

Bién dudi: Bién dudi la gia tri thuc do tai cac tram thay van tai cac cua song (do md
hinh d4 cit mang song dén vi tri cac tram thity van gan bién nhat): Ctra Tiéu, Ctra Dai, Ham
Lubng, C6 Chién, Cung Hau, Binh An, Tran Dé.

Bién min: Ddi vai cac bién trén thi d6 min bang khong; D6i v6i cac bién min phia
bién: Gi4 trj bién man tai cac tram bién cira song la héng s6, duoc tinh béng trung binh gia
tri d min cao nhét quan tric duoc qua cac nam. Gia tri d6 man tai cac bién cla cac cua
song nhu bang 2. Bién tai ctra song Ba Lai la bién dong.

Bang 1. Thong ké bién trén va s6 lidu cac tram thity van ding dé tinh toan triéu cho céc bién dudi.

TT Tram Séng/Cira Song -Ea' ligu Loai bién
: st dung :
1 Kratie Mé Cong H Bién trén
2 Prekdam Bién Ho H Bién trén
3 Binh Dai Cua Tiéu H,S Bién dudi
4 Binh Dai Cua Dai H,S Bién dudi
5 An Thuan Ham Ludng H,S Bién dudi
6 Bén Trai Cé Chién H,S Bién dudi
7 Bén Trai Hau H,S Bién duéi
Bang 2. Gia tri d0 man tai cac tram dung lam bién man.
STT Tén tram Gia tri dg man (mg/l)
1 Vam Kénh (Cura Tiéu) 23
2 Binh Pai (Ctra Dai) 23
3 An Thuan (Ham Lubng) 24
4 Bén Trai (S6ng C6 Chién) 18
5 Song Hau 18

2.3. Dir liéu sur dung

Tai liéu mat cat song ké thira tir budi tp huan chuyén gia cong nghé vé mé hinh Mike
11 dugc t chirc va thang 09 ndm 2021 tai thanh phé H6 Chi Minh do sy phdi hop giita to
chtrc GIZ, Vién Quy hoach Thuy loi Mién Nam thyc hién.

S6 liéu muc nudc tur thang 01 dén thang 06 cac nam 2016, 2018, 2020 tai cac tram: An
Thuan, Binh DPai, Bén Trai, Cho Lach, My Hoa (duoc cung cip tir Pai Khi twong Thay vin
tinh Bén Tre), My Tho (Pai Khi tugng Thuy van tinh Tién Giang), Tra Vinh (Dai Khi
tuong Thily van tinh Tra Vinh), Kratie va Prekdam (Trung tim Khi twong Thay vin Qudc
Gia).

S6 li¢u luu luong tai My Thuan nam 2016, 2018, 2020.

S6 1iéu d6 man tai tat ca cac tram quan tric trén dia ban tinh Bén Tre cac nim 2016,
2018, 2020 (dugc cung cap tir Pai Khi twong Thay vin tinh Bén Tre). S lidu duoc do vao
gio 1¢ trong ngay.

2.4. Hiéu chinh kiém va kiém dinh mé hinh

2.4.1. Hiéu chinh va kiém dinh mé dun MIKE 11 HD

a) Hiéu chinh: Vi trong tdm cha y vao khu vuc tinh Bén, Tre, mo hil}h duoc hiéu chinh
tr thang 1/2016—-6/2016 tai tram thuy van & khu vuc tinh Bén Tre c6 so0 li¢u do dac trong
thoi ky hi€u chinh nhu hinh 3.
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Mb hinh d hiéu chinh hé s6 nham Maning (n) tai 17 vi tri trén mang thuy luc ciia mo
hinh. Véi hé s6 chung n = 0,018. Tai 17 vi tri hiéu chinh hé s6 n dao dong tir 0,003 dén
0,01.

Két qua hiéu chinh m6 dun MIKE 11 HD thé hién ¢ hinh 4 bai 02 chi sé sé danh gia:
hé sb Nash (Nash-Sutcliffe effciency) (NSE), sai sd binh phwong trung binh RMSE (Root
mean square error) dé danh gia mtc do phu hop giita sd liéu tinh toan ctia mé hinh va sé
lidu thuc do [10, 23]. Phan tich, ta thiy dwoc két qua: 2,5 < RMSE < 6,5, 0,84 < NSE <
0,94. Vi két qua nay cho ta thiy muc do tinh toan cia mé hinh & muc rat tot.

TV Tra Vinhal

Hinh 3. Ban dd vi tri cac tram hiéu chinh va kiém dinh mé dun HD.
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Hinh 4. Biéu d6 gié tri NSE, RMSE dbi véi nam hiéu chinh 2016 tai cac tram.

b) Kiém dinh: M6 hinh dugc hiéu chinh tir thang 1/2018-6/2018 va tir thang 1/2020—
6/2020 tai tram thuy van ¢ khu vuc tinh Bén Tre ¢6 s0 liéu do dac trong thoi ky hiéu chinh
nhu hinh 3.

NSE nam 2018 RMSE nam 2018
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Hinh 5. Biéu db gié tri NSE, RMSE ddi v&i nam kiém dinh 2018 tai c4c tram.
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Két qua kiém dinh mo dun MIKE 11 HD bang s6 liéu nam 2018 thé hién & hinh 5, boi
02 chi s6 sb danh gid. Phén tich ta thiy duoc két qua: 2,7 < RMSE < 7,9, 0,78 < NSE <
0,93. Riéng d6i v6i tram Tra vinh cac chi s6 danh gia chi & muc dat. Vi két qua nay cho ta
thiy mirc d6 tinh toan mé phong ctia mé hinh ¢ murc t6t dén rét tot d6i voi cac tram con lai.
Tt nhat 13 tram My Hoa.

Két qua kiém dinh m6 dun MIKE 11 HD béng s6 liéu nam 2020 thé hién & hinh 6, boi
02 chi s6 s6 danh gia. Phan tich ta thiy dwoc két qua: 3,2 < RMSE < 7,9; 0,83 < NSE <
0,92. Vi két qua nay cho ta thdy mirc do tinh toan mé phong ctia mé hinh & muc rat tt ddi
véi cac tram. St dung bd thong s6 duoc hiéu chinh bdi mé dun MIKE 11 HD néi trén,
nghién ctru tién hanh hiéu chinh va kiém dinh mé dun MIKE 11 AD & muc 2.4.2.

NSE nim 2020 RMSE nim 2020
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07

- 06

5 05

© 04
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02
0.1

Gia tri (cm)

o P N W B OO N 0 ©

MyTho | MjHéa | TraVinh | ChgLach | My Thudn My Tho My Hoa Tra Vinh Chg Lich
ENSE| 0829 092 0922 0822 0759 | | [#RMSE| 3831 322 3.709 7.8

Hinh 6. Biéu d6 gia tri NSE, RMSE dbi véi nim kiém dinh 2020 tai cac tram.

2.4.2. Hiéu chinh va kiém dinh mé dun MIKE 11 AD
Pé danh gia gia tri hiéu chinh va kiém dinh, nghién cru danh gia 02 tiéu chi sau:
Chénh 1éch gitra gid tri d0 man tinh todn va thuc do; Chénh I¢ch khoang cdch xam nhap

mén 1%00 va 4% gitra tinh toan va thuc do. Nghién ciru ding s6 liéu do man ndm 2016 dé
hiéu chinh va nam 2020 d¢€ ki€ém dinh mo6 dun MIKE 11 AD.
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Hinh 7. Vi tri cac tram man dé hiéu chinh 2016 (a) va cac tram man kiém dinh 2020 (b).

a) Hiéu chinh: Dé danh gia két qua giita d6 man tinh toan so v6i d6 man thyc do tai cac
tram cia mé hinh, nghién ctru chon 10 tram ¢6 vi trf thé hién & hinh 7a. Trich xuat két qua
tinh toan cia md hinh mé6 phong xam nhap man mua kh6 ndm 2016 cho ta duoc két
qua tinh toan vé d6 min cao nhét tai cic tram va ranh min trén cic song dé so sanh
v6i s6 lidu thyc do nhu bang 3 va bang 4.
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Bang 3. So sanh d6 man 16n nhét (Smax) tinh toan va thyc do tai cac tram 2016.

STT Tén tram S6ng Tinh toan (%) Thue do (%o0) ASmax (°/o0)
1 Son Bdc Ham Luéng 20,2 27,4 -75
2 My Hoa Ham Ludng 11,7 12,4 -0,7
3 An Hiép Ham Ludng 8,8 9,9 -1,1
4 Vam Mon Ham Ludng 6,8 6,7 +0,1
5 Hoa Nghia Ham Ludng 3,1 3,0 +0,1
6 Nhuan Phi Tan Cb Chién 51 59 -08
7 Giao Hoa Cura Dai 8,0 9,4 -14
8 Quéi Son Cura Dai 5,2 5,1 +0,1
9 Long Hoa Ba Lai 5,6 6,7 -1,1
10 Loc Thuan Ctra Dai 21,5 26,1 —-46

Bang 4. So sanh Kkét khoang cach xam nhap méan sau nhét tinh toan va thue do tai cac tram mua kho 2016.

STT Soéng Ranh man Tinh toan (km) Thue do (km) AX (km)
1 . . 4% 70 70 Tuong dwong

Ham Ludng 1% 85 79 +6

2 4% 56 58 -2
Cé Chién

1%q 65 68 -3

3 . 4% 54 52 +2
Ctra Pbai

1%00 76 68 +8

Do man tinh toan va thuc do cao nhat mia khd chéch léch rat it (dao dong trong
khoang —1,4 dén +0,1), riéng tai tram Son Pdc do chénh léch cao hon, 1én dén —7,5%g0
(Bang 3). Chiéu sau xam nhap man gitra tinh toan va thuc do & mirc trong dwong nhau dbi
véi ranh man 4%, cho két qua chéch léch thap nhat ¢ sdng Ham Ludng va Co Chién. M6
hinh cho két qua tinh toan c6 chénh léch nhiéu hon ddi voi ranh man 1%y (tir —3 dén +8
km). Chénh léch nhleu nhat ddi véi song Cira bai (Bang 3). Vi két qua hiéu chinh nhu
trén, nghién ctu cho rang da dap tmg dugc yéu cau cua qué trinh hi¢u chinh mé dun MIKE
11 AD, tién t6i kiém dinh m6 dun MIKE 11 AD.

b) Kiém dinh: Dé danh gia két qua gitra d6 man tinh toan so véi d6 man thyc do tai cac
tram ctia md hinh, nghién ctu chon 15 tram c6 vi tri thé hién & hinh 7b. Trich xuat két qua
tinh toan ctia mo hinh mé phong xdm nhap man mua khé nim 2020 cho ta duoc két qua
tinh toan vé do man cao nhat tai cac tram va ranh mén trén céac song dé so sanh véi s6 liéu
thuc do nhu bang 5 va bang 6.

D6 min tinh toan va thuc do cao nhat mua kho trén song Ham Ludng chéch 1éch it
(dao dong trong khoang —2,7 dén +0,6), riéng tai tram Son Pébc d6 chénh léch cao hon, 1én
dén —6,3%00; trén song CO Chién chéch 1éch it hon trong khoang —0,2 dén +2,1; trén song
Ctra Dai chéch 1éch nhiéu hon trong khoang —0,4 dén + 8,3 (Bang 5). Chiéu sdu xdm nhap
min gitra tinh toan va thuc do & mirc twong dwong voi nhau & ca 03 song dbi v6i ranh min
4%q0 va ranh man 1% (tir =3 dén + 3 km) (Bang 6).

Bang 5. So sanh d0 méan 16n nhét (Smax) tinh toan va thyc do tai cac tram 2020.

STT Tén tram Séng Tinh todn  Thue do ASmax (%/00)
1 Son Péc Ham Ludng 21,9 28,2 -6,3
2 My Hoa Ham Ludng 14,5 17,2 - 2,7
3 An Hiép Ham Lubng 12,1 13,9 -18
4 Vam Mon Ham Ludng 10,6 11,0 -04
5 Cho Lach Ham Lubng 7.3 6,7 +0,6
6 Vam Thom Cb Chién 9,4 8,6 +0,8
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STT Tén tram Séng Tinhtoan Thwedo  ASmax (%/o0)
7  NhuanPhaTan  C6 Chién 8,3 6,2 +21
8 Tan Thiéng Cb Chién 3.2 42 -1,0
9 Vinh Binh Cb6 Chién 1,7 1,9 -0,2
10 Giao Hoa Cura Dai 18,2 12 +6,2
11 Qudi Son Ctra Dai 16,8 9,6 +72
12 An Khanh Cura Dai 16,1 7,3 +8,1
13 Phu Tuc Ctra Dai 13,1 5,6 +75
14 Tan Pha Ctra Dai 6,6 7,0 -04
15 Long Hoa Ba Lai 17,2 9,5 +8,3

Béang 6. So sanh khoang cach xdm nhdp man sau nhét tinh toan va thue do tai cac tram 2020.

STT Séng Ranhman Tinhtodn Thuc do AX (km)

4900 88 86 +2
1 Ham Ludng
1% 100 100 Tuong duong
, 4% 64 67 3
2 Co Chién
1%g0 80 83 -3
4900 90 87 +3
3 Cira Dai
1% 102 101 Tuong duong

Véi két qua hiéu chinh nhu trén, nghién ctru cho rang da dép tmg duoc yéu cau cla quéa
trinh kiém dinh m6 dun MIKE 11 AD, tién t6i ap dung mo hinh da dugc hiéu chinh va
kiém dinh ca 02 m6 dun MIKE 11 HD va MIKE 11 AD dé xay dung phuong an dy bao
xam nhép man trén cac song chinh cua tinh Bén Tre. V61 bg thong s6 cua mé dun MIKE 11
AD c6 hé sb khuyeh tan chung 1a 200 va thong sb nay dugc hi¢u chinh tai 30 diém trén
mang thuy luc.

3. Két qua va thao luin

3.1. So d6 phirong dn du bdo xdam nhdp man

Phuong an dy bao 1a cach thire cu thé dé phan tich, tinh toan, du bao, canh bao cac yéu
t6 hodc hién tuong khi tuong thuy van tai dia diém hodc khu vuc. Phuong 4n dy bdo xam
nhap man dugc thue hién theo so dd hinh 8. Cong cu du bao bién duoc thuc hién nhu sau:

Dbi v6i dy bao bién thuong luu: (1) Dy béo thoi han 10 ngay: Trén website clia
Mekong River Commission http://ffw.mrcmekong.org/bulletin_wet.php ¢6 bao cdo muc
nudc tuan 7 ngay va du bao muc nudc 7 ngay tiép theo. Nghién ctru nay sur dung bao cao
theo tuan 7 ngay trong mua kho dé lay s6 lidu muyc nude tuan 7 ngdy da qua va du bao myc
nude 7 ngay tiép theo, du bao vién tiép tuc du bao thém muyc nude 3 ngay ké tiép theo xu
thé dé dugc myc nudc du bao 10 ngay. Tong cong ta co sé lidu thuc do 7 ngdy trude do va
muc nudc 10 ngdy dy bdo tai tram Prekdam va Kratie dé 1am bién muc nudc dau vao tai
bién trén dé du bao xdm nhap min trén dia ban tinh 10 ngay; (2) Dy bao thoi han thang,
mua su dung phuong phap ndm tuong tu qua 04 budc nhu hinh 10. Trong nghién ctru nay,
dur béo trén co sd sb liéu quan tréc da c6 cua tram Kratie va Krekdam trong qua khtr. Tt d6
chon $6 li¢u cua ndm tuong tu dé 1am sb liéu du bao cho cac thoi han du bao khac nhau.

Du bao bién ha luu: Nghién ctu st dung bd cong cu MIKE 21 dé du bao muc nude
tridu viing ctra song bang phuong phap hang s6 triéu diéu hoa. Cac bude thyc hién nhu so
dd hinh 9. Dit liéu st dung 1a muc nudc theo gido cia 03 tram An Thuan, Binh Pai, Bén
Trai tir nam 2009-2021.


http://ffw.mrcmekong.org/bulletin_wet.php
http://ffw.mrcmekong.org/bulletin_wet.php
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Hinh 8. So d6 phwong 4n du b4o xam nhap man.
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Hinh 9. So db thuc hién dy bao bién muc nuéc ha
luu bing MIKE 21.

Budce 3: Dya vao
du béo cac yeu tb
anh huong den muc
nude hoac luu
luong trong thoi
gian t6i de xét dén
xu thé tiép theo cua
muc nudc d€ chon
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gia tri dau vao du
bao.

Hinh 10. So dd cac budc thuc hién du bao bién thuong luu thdi han thang, mua.

3.2. Phuong an du bao xam nhdp man

Phuong an dy bao xdm nhdp man trong nghién ctru nay dugc thuc hién theo cac thoi
han: thoi han 10 ngay (Hinh 11a), thoi han thang (Hinh 11b) va thoi han mua (Hinh 11c).
Cac budc thuc hién co ban giong nhau, chi khac & d dai cta chuoi s6 liéu dua vao tai hai

bién dé phu hop véi timg thoi han du bao.

+ Thu thip, tinh toan dé cd s6 liéu myc nude diu vao Bién duéi
+ So liéu dw bao myc theo gio khoang 10 -15 ngay tai cic tram An
Thudn, Binh Dai, Ben Trai

Thu thip, tinh toan dé co s6 liéu myc nude diu vao Bién dudi
S0 ligu dy bdo mye theo gio khoang 30 -35 ngdy tai cic tram An
Thudn, Binh Pai, Bén Trai

+ Thu thip, tinh todn dé c6 s6 liéu du vio Bién thugng luu
* S0 liéu du bao muc nude lac 7 gio hang ngay tai cac tram Kratie va
Prekdam trong thoi han dw bdo 10 - 15 ngay.

J

» Chay m¢ hinh MIKE 11 theo khoang théi gian cin du bao. Tir do
trich xuat dé c6 ket qua:-

» Ranhman 4 %, va 1%,

+ S6 liéu do min cao nhit, tai cac tram cin dy bo.

N

~

T}}u thép, tinh toan dé c6 36 liéu dAu vao Bién thugng luu
So6 liéu du bao myc nude lac 7 gio hang ngay tai cac tram Kratie va
Prekdam trong thoi han dy bao 30 - 35 ngay.

J
Chay mo hinh MIKE 11 theo khoang thoi gian can dy bao. Tirdo
trich xudt dé co két qua:-
Ranh min 4 %, va 1 %,
$6 liéu dd mén cao nhat, tai céc tram can dy béo.

+ Thé hién két qua du bao xam nhap man lén ban dd bing cong cu
ArcGis

€€ <KL

() Thoi han 10 ngay

égﬁ

Thé hién két qua dy bao xdm nhdp min 1én ban b b?mg cong cu
ArcGis

(b) Thoi han thang
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3 A S I
« Thu thap, tinh toan dé c6 so6 liéu muc nudce dau vao Bién dudi

= S0 liéu du bdo muc theo gid khoang 06 thang tai cac tram An Thuén,
Binh Pai, Bén Trai

/
. . . I
Thu théap, tinh toan dé co6 so6 liéu dau vao Bién thuong luu

Sé liéu du bao muc nudc lac 7 gidr hang ngay tai cac tram Kratie va
Prekdam trong thoi han du bao 06 thang.

J
Chay md hinh MIKE 11 theo khoang thoi gian can du bao. Trdo
trich xuat dé co két qua:-
= Ranh man 4 %y, va 1 %/,

« Sé liéu d& min cao nhit, tai cac tram cin du béo.

€€<

= Thé hién két qua dyu bao xam nhiap man 1én ban dad béng cong cu
Budc 4 ArcGis

(c) Thoi han mua

Hinh 11. So db phuong an du bao xam nhdp man theo tirng thoi han dy bao.

3.3. Dy bao xam nhdp man cho nam 2022

Nghién ctru xac dinh d6 tin cdy cho mot 1an du bao ctia do min bang cach xac dinh
khoang chénh léch gitra tri s6 du béo, canh bao véi trj s6 thuc do d0 man trong thoi diém
du bao theo 02 danh gia: mot 1a theo danh gia ctua nguoi du bao vién khi tham khao két qua
md hinh va hai 1a theo cac chi tiéu danh gia theo Thong tu sb 42/2017/TT-BTNMT ngay
23 thang 10 nam 2017 cua Bo Tai nguyén va Moéi truong [24] vé Quy dinh k§y thuat danh
gia chit lwong du bao, canh béo thuy vin:

Chét luong du béo, canh bao dd man 16n nhat dugc xac dinh 13 “du do tin cay” khi sai
s6 du bao, canh bao do man 16n nhat nhé hon hodc béng 30% d6 man 16n nhit thuc té va
duogc xac dinh 1a “khong du do tin cdy” khi sai s6 du bao, canh bao d6 man 16n nhét lén
hon 30% d6 man 16n nhat thuc té.

Truong hop du bdo, canh bdo pham vi xuét hién xam nhap man theo chiéu dai song:
Chat lugng du bdo, canh béo pham vi xuét hién xam nhdp man dugc xéc dinh 1a “du do tin
cay” khi xuét hién do6 man du bao tai cac vi tri cach khong qué 25% so voi khoang cach du
bao va dugc xac dinh 1a “khong dua do tin cay” khi xuét hién do man dy bdo tai cac vi tri
cach qua 25% so vdi khoang cach du bao.

bé danh gia do tin cdy cia phuong an du bdo, nhém da tién hanh dyu bao xam nhédp
man cho nam 2022 véi cac thoi han tir muc 3.3.1 dén 3.3.3.

S6 liéu bién ha luu theo tung thoi han dy bao, nghién ctru st dung myuc nude du bao
nam 2022 tir cong cu dyu bao bién ha luu da dé cap ¢ muc 3.1.

3.3.1. Du b4o 10 ngay (01-10/03/2022)

Nghién ctru nay st dung bao cao “Weekly Dry Season Situation Report in the Lower
Mekong River Basin 22—28 February 2022” ngay 28/02/2022 dé lay sb liéu myc nude tuan
7 ngay va du bao myc nudc 7 ngay tiép theo, du bao vién tiép tuc du bao thém muc nudc 3
ngay ké tiép dé duoc muyc nuéc dy bao 10 ngay. Tong cong ta co s lidu thuc do 7 ngay
trudc do va muc nudc 10 ngay dy bao tai tram Prekdam va Kratie dé 1am bién muc nude
dau vao tai bién trén dé dy bao xam nhap man trén dia ban tinh tir 01-10/03/2022.

Két qua du béao thé hién tir hinh 12 dén hinh 14. Tir d0 man cao nhét tai cac tram dugc
trich xuat tir két qua ctia mo hinh du bao xam nhap min 10 ngay, ta thé hién 1én ban do dy
béo bang cong cu ArcGis & hinh 14. Ban dd cho ta thiy duoc cho cai nhin truc quan, dé
hiéu vé do man cao nhat tai cac tram quan tam, khoang cich xam nhdp méan cua ting do
min quan tdm theo cac mau chu thich, quan trong 1a ranh min 1% va 4% trén cac song.

D6 man 16n nhét giita dy bao va thuc do thip, dao dong + 0.3 dén + 3.8 (hinh 12). Véi
chénh 1€ch nay ddi voi du bao vién 1a rat tdt dé tham khéao dua ra chi s6 du bao cho ban ban
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10 ngay. Néu danh gia theo quy dinh cua Thong tu 42 bén trén va du bao vién lay luon két
qua cua mo hinh dé dua ra chi so dy bao thi c6 cac tram dua dd tin cdy gom: Phu Khanh,
Hoa Nghia, Cam Son, Vam Thom; con lai cac tram khac 1 khong du d6 tin cdy.

STT | Tén tram Dir bio Thyedo | ASmax( %y ) Saish ST | Stng nin| Dy bio Thucdo | AX (km)
cho phép TT 42

Phi Khinh  Him Luing 105 , — —
4%, 65(PhaSon) 60(AnHigp) +Skm 16.25
n MjHoa  HamLudng 99 72 +21 22
Antip  Himlung 83 42 +38 13 s
Bl sty Hintaing HimLung 19,  70(Long  69(Long  +lkm 175
VimMon  Hamlung 55 25 +30 08 ; ‘
n am Mon am Luong Th(,n) Th(‘!l)
“ HoaNetia Himlubng 02 02 Tuomfung 006
Bl cosn oo s 1 BEI 4%  SSMNuin S2(Khith  km o 1375
Vim Thom Co Chién 53 50 +03 1.5 Phl’lTﬁﬂ] Tll{thén)
NugnPhi  CoChen 41 L6 425 03 , .
Ta L COChien o i SgHmg +2Am 150
Bl ranig o 07 04 +03 01 Thinh)  Khinh
EJ cibn cabi 6 36 24 1 Trung)
QoiSm  Cibaii 33 Ll 22 033 4%  BQubi 4G +Am 1075
B} s cwpi 22 0l 421 003 Son) Long)
3 Cira Dai
PhiTie  Ciabi 05 0 +04 003 1% QeNTI) NTa  +m 1SS
n LongHon  BalLai 30 20 10 06 Thych)

Hinh 12. Bang sai s6 cho phép Smax thdi han 10 Hinh 13. Bang sai s6 ranh min sau nhét thoi han 10
ngay. ngay.
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Hinh 14. Ban d6 dyu bao xAm nhap min tinh Bén Tre tir 1-10/3/2022.

Dé danh gia dy bao ranh min ta phan tich hinh 13, ta thiy duoc chénh 1éch giita ranh
man du bao va ranh min thuc té trén ca 3 song réat thip (dao dong trong khoang +1 dén +5
km), riéng ddi véi ranh man 1% trén séng Ctra Pai & mirc cao (+12 km). Véi chénh léch
nay ddi du bao vién la rat tdt dé tham khao dua ra chi sé du bao chiéu sau xam nhdp man
cho ban ban 10 ngay.

Con néu danh gia theo quy dinh ctia Thong tu 42 va du bao vién 13y luon két qua cua
mé hinh dé dua ra chi sé du bao chiéu siu xam nhap man, thi tat ca chéch léch gitra chiéu
sau ranh man du bao va thuc do diéu nam trong gidi han sai s6 cho phép (Hinh 13). Vi thé
mo hinh du béo 10 ngay vé ranh min duoc danh gia 1a du do tin cay.

3.3.2. Dy bdo thoi han thang (03/2022)

Theo ddi myuc nudc tai tram Kratie dén ngay 28/02/2022 va cac nim trong khoang thoi
gian tu 15/10-28/05 va dung tich h6 TonleSap theo thang tur thang 01 den thang 02 nam
2022 va dung tich ctia hd TonleSap qua cac nam, ta thdy c6 su twong tu vé xu thé va do cao
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muc nude gitta nam 2022 va nam 2021 tai tram Kratie; c6 su tuong tu vé dung tich hd cta
nam 2022 va nam 2021. Do dé, nghién ctru chon s6 liéu muc nudce tir thang 03/ 2021 cua
02 tram Kratie va Prekdam dé 1am s liéu bién dau vao tai bién thuong luu dy bao xam
nhép man théng 03/2022.

R ET I
chophcpTT4
B rhikhioh HimLuong 168 135 +33
n MyHoéa  HamLudng 11.2 12 +4.0 22
Anfiep Himluing 96 42 +54 13 i
BB vinMon Himlung 69 25 +a4 08 68 #
Bl roangiia Himluong 33 02 +31 0.06
BB cimson  cochin 92 77 +1S 23 Lugng 1%, 73 g +7 BB
VimThom CiChien 61 53 +038 16
n NwinPhi  CiChien 41 29 +12 09 : o % S 4 BB
Tin (6 Chign
BB vinthitng Cochen 1118 -07 05 1%y 66 1 4 163
O GioMoa  Cuabsi 150 52 +108 16
QuiSon  CiaBgi 130 19 +101 06 4%, £ VBRI
Tl AnKhih  Ciabi 120 02 +1i8 0.06 .
PhiTéc  CiaBgi 100 0l +99 0.03 CinBai 11, 1l IR A
LongHoa  Balai 130 47 +86 141

Hinh 15. Bang sai s6 cho phép Smax thoi han thang.  Hinh 16. Bang sai s6 ranh man sau nhat thoi han thang.
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Hinh 17. Ban d6 du bao xam nhap man tinh Bén Tre thang 3/2022.

Két qua dy bao thang 03/2022 thé hién tir hinh 15 dén hinh 17. Tir 46 man cao nhét tai
cac tram duoc trich xuét tir két qua cua mo hinh du bao xam nhap méan 01 thang, ta thé hién
1én ban tin d6 du béo bang cong cu ArcGis & hinh 17.

Phan tich két qua ta théy duoc: DO min 16n nhét trong thoi han du bao gitra gia tri du
bao va thuc do thip ¢ song Ham Ludng va séng C6 Chién (dao dong tir — 0,7 dén + 5,4)
nhung chénh 1éch 16n hon nhiéu ¢ séng Cira Pai va Ba Lai, dao dong tir + 8,6 d&én + 11,8
(Hinh 15). Vi chénh 1éch nay ddi v6i du bao vién 1a rat t6t dé tham khao dua ra chi sé dy
bao d6 min cao nhit tai cac tram trén cac song Ham Ludng va C6 Chién cho ban tin 01
thang, nhung nguoc lai két qua chi s6 du bao dd man cao nhét tai cac tram trén song Ba Lai
va Ctra Pai 1a khong t6t dé du bao vién tham khao.
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Néu danh gia do tin cdy theo quy dinh ctia Thong tu 42 ndi trén va dy bao vién iy ludn
két qua cua mo hinh dé dua ra chi s du béo thi ¢ cac tram du do tin cay gém: Phu Khanh,
Cim Son, Vam Thom; con lai cac tram khac 1a khong du do tin cay.

Dé danh gia dy bao ranh min thang 03/2022 ta phan tich hinh 16, ta thiy duoc chénh
1€ch gitra ranh man dy bao va ranh man thyc té trén 02 song Ham Luong va C6 Chién thép
(dao dong trong khoang —6 dén +7 km), riéng ddi voi ranh man 4% trén séng Ham Luéng
& mirc cao (+14 km). Vi chénh 1éch nay dbi du bao vién 1a rat tot dé tham khao dua ra chi
s6 du bao chiéu sau xam nhap man trén song Ham Ludng va C6 Chién cho ban tin thdi han
thang, tuy nhién can luu y khi dua ra gia tri khoang cach ranh man 4% trén séng Ham
Ludng. Mac khac, trén song Ctra Dai chénh 1é€ch gitra ranh man dy bao va ranh man thuc té
rat cao (tir +31 dén + 36 km), voi chénh 1éch nay dy béo vién khong thé 4p dung tham khao
két qua du bao theo thdi han thang ddi v6i song Cira Pai.

Néu danh gia d6 tin cdy theo quy dinh ctia Thong tu 42 va du bao vién 1ay ludn két qua
ctia mo hinh dé dua ra chi s6 du bao chiéu sdu xam nhap man, thi tat ca chéch léch gitra
chiéu sau ranh man dy bao va thyc do diéu nam trong gidi han sai s6 cho phép, chi riéng
két qua du bao ranh man trén séng Cira Pai 1a khong di do tin cay (Hinh 16).

Véi danh gia do tin cdy nhu thé thi mé hinh dy bao thang vé ranh man dugc dénh gia 1a
chi du d6 tin cay ddi voi song Ham Ludng va C6 Chién.

3.3.3. Du bao thoi han mua (01-06/2022)

Theo ddi muc nudc tai tram Kratie ndm 2021 va cac nam trong khoang thoi gian tir
18/05-30/10 va dung tich ho TonleSap theo thang nim 2021 va cac nim cua hd TonleSap
qua cac nam, ta théy co su tuong tu vé xu thé va do cao muc nuée gitta ndm 2021 va nam
2020 tai tram Kratie; c6 su twong ty vé dung tich hd cta nim 2021 va nam 2020. Do do,
nghién ctru chon s6 liéu muc nudc tir thang 01-06/2021 cda 02 tram Kratie va Prekdam dé
lam s liéu bién dau vao tai bién thugng luu du bdo cho mua khé 2022.

Két qua du bao thé hién tir hinh 18 dén hinh 20. Tir d6 mén cao nhét tai cac tram dugc
trich xut tir két qua cia mé hinh du bao xAm nhdp min 10 ngay, ta thé hién 1én ban do du
bao b.':ing cong cu ArcGis & hinh 20. Phan tich két qua dy bao ta théy duoc: Do man 16n
nhét giita gia tri du béo va thuc do trén séng C6 Chién co6 mirc chénh 1éch thap, dao dong tir
-0,6 dén +1,9; trén song Ham Luong ¢ mirc chénh 1€ch cao hon, dao dong tir +3,2 dén
+6,5; trén song Cura Pai chénh 1éch nay rat cao, dao dong tur +13,7 dén + 17,5 (Hinh 18).
Vi chénh I¢ch nay dbi v6i du bao vién 1a rat tét dé tham khao dua ra chi s6 du bao d6 man
cao nhét cho ban tin thoi han mua ddi véi song Co Chién, chap nhan dugc trén song Ham
Ludng va khong tét dbi véi song Cira Dai.

STT | Tén tram Song Dy bio Thycdo | ASmax(%y) | Saisdcho
phép TT 42
=] 180 148 44

PhiKhinh ~ Him Luong +32
n MyHéa  Him Luing 135 8.0 s 24
n AnHigp  Him Lubng 12.0 55 +6.5 17
" Vim Mon Him Ludng 9.0 3.0 +6.0 09 . 4 0"'.00 75 60 + 15 ]75
“ Hoa Nghia ~ Ham Luéng 6.4 0.5 +5.9 02 Ham 0 ;
“ Cam Son (o Chién 9.6 1.7 +19 2.1 Lllﬁng l “IDU 90 70 * 20 223
Vam Thom C6 Chién 6.4 53 +1.1 1.6
“ Nhuin PhiTan b Chitn 4 31 +11 0.9 4%, 55 51 +4 13.75
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| EEIEC T 18 =08 [ st My 6 T 6163
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Bl wism  capa 183 19 +164 06 40, 7 4 +3 195
AuKbinh  Cia i 179 02 F175 006 o

— — CuaDai ‘

PhiTic  Cinbai 152 0.1 £151 003 T 1%, ) 51 Hn
LogHoa  Balai 184 47 +137 141

Hinh 18. Bang sai sé cho phép Smax thai han moa.  Hinh 19. Bang sai s ranh min sau nhét thoi han maa.
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Néu danh gia do tin cay theo quy dinh cia Théng tu 42 bén trén va du bao vién lay
ludn két qua ctia mo hinh dé dua ra chi sd du bao thi co cac tram da do tin cay gé)m: Phu
Khéanh, Cam Son, Vam Thom, T4n Thiéng; con lai cac tram khac 1a khong du do6 tin cay.

Ta théy dugc chénh 1€ch gitra ranh man dy bao va ranh man thuc té trén song C6 Chién
& muc thap, dao dong trong khoang —6 dén +4 km; trén séng Ham Ludng & mirc cao, dao
dong tur +15 dén +20 km; trén song Cua Dai thi chénh 1€ch nay qua cao, dao dong tir +33
dén +41 km. Vi chénh léch nay ddi véi du bao vién 1a rat tot dé tham khao dwa ra chi sb
du bao ranh min cho ban tin thoi han mua ddi véi song C6 Chién, khong tdt trén song Ham
Ludng va khong chap nhan duoc ddi v6i song Ctra Pai (Hinh 19).

Con néu danh gia do tin cay theo quy dinh ctua Thong tu 42 va du bao vién iy luon két
qua cia mo hinh dé dua ra chi s6 du bao chiéu sdu xaAm nhdp man, thi tat ca chéch léch gitra
chiéu sau ranh min du bao va thuc do diéu nidm trong gidi han sai sé cho phép, trir song
Cira Pai (Hinh 19). Vi danh gia d6 tin cdy nhu thé thi mé hinh dy bao theo thoi han mua
vé ranh man duoc danh gia 1a chi du do tin cdy dbi voi song Ham Ludng va Co6 Chién.
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Hinh 20. Ban d6 du b4o xam nhap man sau nhét tinh Bén Tre thang 01-06/2022.

4. Két luan

- Xam nhdp man la méot yéu t6 du bao rat phuec tap va khé du bao. Véi mang ludi thuy
luc don gian, s6 lidu tu cung cip duoc nhiéu nhit tai Pai KTTV tinh Bén Tre, nhom da xay
dung dugc mot phuwong an dy bao xdm nhap min bang mo hinh MIKE 11, MIKE 21 va thé
hién ban d6 trén nén ArcGis cho d6 tin cdy 6n dinh ap dung vao nghiép vu du bao cua Pai
tinh. Phuong an nay gitip cho céc du bao vién cua Bai KTTV tinh Bén Tre tu chu dong
trong phuong an dy bao cua minh, ap dung cong ngh¢ khoa hoc tién tién hon so véi du bao
truyén thong, mang tinh ké thira hon cho phuong phap du béo.

- Két hop véi cong cu ArcGis, phuong an du bao di cho két qua dy bao voi ban d6 truc
quan va dé hiéu hon so vé&i bang biéu thong thudng, dap tng véi quy dinh cac mau ban tin
du béo ctia nganh.

- Phuong 4n nay du do tin cay trong viéc du bao ranh man 1%0 va 4% trén cac séng
chinh cua tinh (ngoai trir du bao thoi han thang, mua trén séng Cira Dai).

- B6i voi thoi han du bao 10 ngay, phuong an du bao c6 do du tin ciy dé ap dung du
béo trén ca ba song chinh; d6i v6i du bao thoi han thang, phuong an c6 d6 tin cdy rat tot
trén song Co6 Chién, du do tin cdy ddi v6i song Ham Ludng va khong du do tin cay dbi voi
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song Cua Dai; ddi v&i han mua, phuong an c6 do tin cdy rat tot d6i véi song Cé Chién, do
tin cay thip d6i voi song Ham Ludng va khong du do tin ciy ddi v6i song Cira Dai.

- Phuong 4n dy bao nay han ché sau:

« Sai s6 tuyét d6i giita gia tri thuc do va tinh toan kha 16n ddi véi song Cira Pai ¢ thoi
han dy bao thang va mua;

* Bién min dau vao caa mo hinh thuong duoc chon la gia tri cao nhét trung binh nhiéu
nam nén khi du bao dai han thudng cho sai s6 10n.

* Do du bao bién thugng luu sir dung phuong phap nam tuong tu nén con mang tinh
chu quan cua dyu bdo vién, Két qua du bao chua sat véi thuc té nhat 1 du bao thang va mua.

* M6 hinh chua dua vao cac mang ludi kénh rach nhé cua Bén Tre; cac hé théng céng,
dap tam; van hanh céng Ba Lai; lugng mura tai cac tram trén luu vuc.

Kién nghi: Pua vao st dung du bdo nghi¢p vu tai Bai KTTV tinh Bén Tre nhirng nam
tiép theo nhung can luu y va cd thé b sung, phat trién cac van dé sau:

* Phuong an du bao xdm nhap mén chi tap trung danh gia tri s6 du bao cta d6 man cao
nhit tai cic tram va ranh min nén dy bao vién voi kinh nghiém va hiéu biét ciia minh vé
ban chét ctia xAm nhap man tai tinh thi hoan toan co thé dua vao ban tin du bao thoi gian
xuét hién d6 min cao nhat tai cac tram.

« M5 hinh sau hiéu chinh va kiém dinh cho két qua tinh todn muc nuGc rat tot thé hién
qua cac hé sd danh gia R?, RMSE, NSE. Do d6 c6 thé str dung dé du bao muc nudce cho cic
tram tram song chinh cua tinh Bén Tre.

« Pua vao vi tri cac cong, dap tam trén cac séng cung voi lich van hanh cong 16n (Ba
Lai).

« S6 lidu dau vao bién man nén ly theo trung binh d6 man cao nhat theo thang s& cho
két qua tinh tinh toan, du bao kha quan hon.

Dong gop cua tac gia: Xay dyng y tuong nghién coru: B.H.L.; Xu ly s6 lieu: B.H.L,,
N.P.D., N.V.S.; Chay mé hinh: D.H.L.; Vi€t ban thao bai bao: D.H.L.; Chinh stra bai béo:
b.H.L.

Loi cam on: Bai b4o hoan thanh ¢ sy hd trg vé mat dit liéu ciia Trung tim du bao Khi
teong Thuy van Quoc gia, Pai Khi twong Thuy van Khu vye Nam B9, Dai Khi tugng Thuy
van tinh Tra Vinh, Dai Khi tugng Thiy vén tinh Tién Giang.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cia tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Developed a saline intrusion forecasting plan on the main river
in Ben Tre
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Abstract: Every year during the dry season, the rivers in Ben Tre province often suffer
from saline intrusion which affect production and people’s lives from February to April,
with a salinity level of 4% infiltrating an average of 40-50 km from the river estuaries.
Therefore, it is necessary to forecast the saline intrusion situation to help the locality have
appropriate production plans. In this study, the MIKE 11, MIKE 21 models were
combined with ArcGIS to display the map results. The research results show that for 10—
day forecast period, the forecast option is reliable for all three main rivers. For a monthly
forecast, the forecast option is highly reliable for the Co Chien River, reliable enough for
the Ham Luong River, and not reliable enough for the Cua Dai River. For a seasonal
forecast, the forecast option is highly reliable for the Co Chien River, reliable enough for
the Ham Luong River, and not reliable enough for the Cua Dai River. The forecast plan
has been applied by the Ben Tre Province Hydro—Meteorological Station for the dry
season in 2022 and subsequent years, especially for the 10—day and monthly forecast
periods.

Keywords: Mike 11 model; Mike 21; AcrGis; Saltwater intrusion; Ben Tre.
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Tém tit: Trong nhitng nim gan day do anh hudng cia BDKH céc hién tuong thoi tiét dién
ra bat thuong khong theo quy luat cta khi hau, sy thay d6i nay s& anh hudng va tac dong
manh m& dén cac nganh kinh té—xa hoi c6 lién quan, doi séng ngudi dan, ciing nhu cay
trong va vat nudi dbi véi tinh Kién Giang néi riéng va Viét Nam noéi chung. Vi thé, viéc
danh gia xu thé bién d6i mua, nhiét do la diéu can thiét. Dua trén phuong phap thng ké,
ham tuyén tinh y = Ao+ Aut, chudi s6 liéu nhiét do, lugng mua trong 30 ndm qua (tir ndm
1992-2022), dé danh gia phan b theo khong gian cac bién trinh nim cta vung, su bién dbi
clia mua, nhiét do theo mua, nam, thang, ngay va xu thé qua timg thap ky. Két qua cho ta
thdy duoc sy bién dong manh mé cua khi hau trong ving. Mic di nhitng quy luat mang tinh
trung binh, chi méi cho ta nhitng nhan thire khai quat. Chinh dic diém nay 1a tién dé dé danh
gia sy xuét hién nhitng di thuong khi hau hang nam. Véi su tdng ctiia nhiét dg, giam vé luong
mua khu vuc Thd Chu, ting lugng mua khu vuc Phit Quéc va Rach Gia, cho ta thay duoc
khic nghiét cia thoi tiét dang c6 xu hudng ting 1én. Két qua nghién ctru da dong gop thém
vao co so dir lidu trong linh vyuc khi tuong khi hau ¢ Kién Giang.

Tir khoéa: Bién d6i khi hau; Xu thé bién d6i mua; Nhiét d6; Anh huéng muwa nhiét; Tinh
Kién Giang.

1. Gi6i thi¢u

Khi hau tai nguyén thién nhién dic biét, 1a diéu kién thudng xuyén ctia moi qué trinh
chuyén hoa, phét trién. Nhitng dic trung co ban ciia khi hau va quy luét dién bién cua né da
chi phdi dong luc phat trién trong tw nhién va xa hoi. Vi thé, viéc hiéu biét khi hau tai mot
vung, thdm chi mot pham vi hep hon la nén tang khong thé thiéu cho moi cong tac t6 chirc,
quy hoach, thiét ké, diéu hanh trong san xuat doi song. Trong cac yeu t6 khi hau, luong mua
la yeu t6 duoc quan tm nhiéu nhét va 1a yéu t6 kho du béo nhat, bién dong cua luong mua
c6 thé dan dén thay d6i can can cin bang nude va anh huong dén cac linh vuc kinh té—x3 hoi.
Kién Giang chiu anh huong cta khi hau nhiét doi gio mua can xich dao vdi nhitng nét dac
sdc lién quan t6i anh huong cia gid mua tdy nam. Mot dic diém quan trong ctia khi hau Kién
Giang 1a sy tuong phan giira hai mia mua 4m rat siu sic [1]. Luong mua trong sudt mua
kho, tir thang 11 dén thang 4 thuong chi chiém 7-8% lugng mua toan nam. Tréi lai, viao mua
ha lwong mua rat 16n, dong gop trén 90% lugng mua toan nim va nang lugng mua toan nim
1én nhirng gia tri thudc loai cao ¢ nude ta: 1800—2800 mm/nam [2-4]. Nhimg nim gan day
tinh trang thiéu hut nudc trong nhimng thang mua kho da tré thanh mdi quan tim thuong
xuyén tai cac tinh dong béng Song Curu Long, thiét hai kinh té do thién tai han han, xam nhap
man 1én t6i hang nghin ty dong mdi nam. Do véy, bén canh viéc tiép tuc nang cao chit lugng
du bao, canh bao kho han, mot trong nhitng yéu ciu cip bach cia cong dong va nhiing nguoi
hoach dinh chinh sach trung han hién nay dét ra la xac dinh thoi diém két thuc qué trinh kho
han néi trén.
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Mua 12 mot trong nhimng yéu té khi tugng co6 tinh bat dong nhat va bién dong 16n theo
khong gian va thoi gian. Sy hinh thanh mua phu thudc phire tap vao nhiéu qué trinh khac
nhau nhu cac hinh thé thoi tiét, 466 6n dinh khi quyén, dic diém dia ly, diéu kién dia hinh cta
dia phuong. Hiéu biét ddy du vé dic diém va quy luat bién thién theo khong gian va thoi gian
clia mua s& gop phan ning cao chit lugng céc ban tin dy bao mua cling nhu cong tac phong
chong thién tai. Trong nhimg nam gan day do anh huong cua Bién d6i khi hau lam cho cac
yéu to khi hau ¢ Kién Giang c6 sy thay doi rd rét trong d6 c6 nhiét do, luong mua thé hién
trong kich ban BDKH va nuéc bién dang cho Viét Nam nim 2016 va nam 2020 [5-6].

Céc nghién ctru vé xu thé bién doi luong mua dugc ap dung rong rai trong nudc va trén
thé gi61 nhu Fernandez va css da phan tich xu thé bién ddi cua lwong mua va nhi€t do tai luu
vuc song Genil (Pong nam Tay Ban Nha) tir 19702010 str dung kiém dinh phi tham s6
Mann—Kendall, nghién ctru da chi xac dinh dugc xu thé tang cua nhi¢t do tai luu vuc song
Genil, tuy nhién ddi véi luong muwa xu thé bién ddi khong 1 rang [7], nim 2017, [8] dd dénh
gi4 xu thé bién ddi lwong mua va han han ¢ Aegean, Thé Nhi Ky, nghién ctru nay xtr dung
phuong phap hoi quy tuyen tinh d4 xac dinh xu thé bién d6i cua lwong mua céc thang 12, 1,
2, 3 tai Aegean c6 xu thé giam, nam 2018, [9] da phan tich xu thé bién d6i lwong mua thang
¢ song Limbang, Malaysia str dung kiém dinh Mann—Kendall va Spearman’s Rho, két qua
ctia nghién ctru cho thay xu thé cta luong mua trén luu vuc song Limbang ting/giam khéac
nhau thé hién tinh bat dong nhat cia lugng mua theo thoi gian. Trong nudc c6 nhiéu nghién
ctru vé xu thé bién doi cta luong mua [10-11] d4 4p dung Mann—Kendall “Kiém nghiém phi
tham s xu thé bién d6i cia mot sb yéu t6 khi tuong giai doan 1961-20077, [12] di danh gia
xu thé bién ddi ctia lwong mua thoi doan 16n nhat & Tp. H6 Chi Minh giai doan 1971-2016
bang kiém dinh phi tham s6 Mann—Kendall, [13] da nghién ctru dic diém xu thé bién ddi
mua nhiét tinh Kién Giang. Tai Tay Nguyén, nam 2014, [14] da hoan thanh dé tai ‘nghién ctru
cap B “Nghién ciru diéu kién khi hau néng nghiép phuc vu phat trién kinh té—xa hoi va
phong tranh thién tai ving Tay Nguyén”. Két qua cua dé tai cho thay xu thé bién d6i luong
mua cuc dai trong 1 ngdy va va trong 5 ngay lién tiép (Rx5day) ting trén hau hét cac tram
va chi giam ¢ 3 tram (Pa Lat, Ayunpa va Dak Nong). Mirc d6 ting nhanh nhét cua luong
mua cyc dai trong 1 ngay dugc ghi nhdn Ia 12,7 mm/10nam (tai Bu6n Ma Thuot). Péi v6i
mua 16n va mua rat 16n, két qua tinh toan ciing cho thdy xu huéng ting trén hau hét cac tram
0 Tay Nguyén, [15] lugng mua nam trung binh khoang 1.300 + 2.900mm, trung binh toan
vung 1a 1.955mm. Mua l6n tép trung ¢ khu vuc cac tinh Binh Phudc va Kién Giang. [16] Su
bién d6i nhiéu nam cua nhiét d cho thay sy gia ting ctia nhiét do theo thoi gian. Nén nhiét
6 xu hudng tang dan 1én khoang 0,19-0,24°C qua 4 thap ky, va tang tir khoang 0.1 - 0. 4°C
qua mdi thap ky. Vé lurong mua khong c6 su blen dong manh qua timg ndm va khong thé
hién 15 duoc xu thé bién doi nhu nhiét do. Trén tt ca cac ving deu cho thiy su bién dong
manh, luong mua c¢6 ndm vuot troi 1én nhung sau do cing giam xuong nhanh chong xudng
murc dudi trung binh. Nhin chung, lugng mua nim cé sy bién d6i phurc tap, khong thé hién
r& quy ludt ndo. O Viét Nam trong khoang 50 nim qua, nhiét do trung binh niam di ting
khoang 0,5-0,7°C, lugng mua giam 2% va muc nudc bién da dang khoang 20cm. Bién ddi
khi hau da lam cho céc thién tai, dac biét 1a bao, 1t, han han ngay cang ac liét hon [6].

Kién Giang la mot tinh ven bién phia tiy dong bang song Ciru Long. Trong nhirng nam
gan day, su bién d6i khi hau c6 diu hiéu ting thém trén toan cau. Dién bién bét thuong cua
thoi tiét ngay cang c6 xu hudng bat lgi cho doi song con nguoi do cac loai thién tai xay ra
v6i muc dd ngay cang nghiém trong hon. Nhiing bién ddi 6 dugc thé hién rd nét qua hai yéu
t6 co ban ciia khi hau d6 1a: nhiét do va luong mura.

Vi thé, dé nhan thirc vé dién bién va xu thé bién d6i cia mua, nhiét do di va dang anh
huong dén doi sdng, kinh té—xa hoi trong tuong lai trén dia ban tinh Kién Giang, viéc ddi
pho véi sy bién d6i khi hau 13 van dé can dit ra. Vi vay, viéc “Pdnh gid xu thé bién déi mua,
nhiét @¢ tinh Kién Giang” 1a rat cap thiét.
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2. Phuwong phap nghién ciru

2.1. Khu vuc nghién ciru va thu thap 56 liéu nghién ctru

‘ S liéu duoc sir dung trong bai bao nay 13 chudi sé liéu trong 30 nam qua (1992-2022)
Vé71uo‘ng mua, nhiét d6 cua 03 tram khi twong co ban: Rach Gid, Phu Quoc, Thé Chu, va 13
diém do mua nhan dan trén dia ban tinh Kién Giang (Hinh 1).
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Hinh 1. Ban d6 hanh chinh tinh Kién Giang.

02

Danh sach céac tram khi tugng duoc 1y s6 liéu dé tinh todn, phén tich duoc thé hién trong
bang 1, 2.

Bang 1. Danh sach cac tram khi tugng léy $6 liéu.

Tén Tram Tinh Kinh d¢ Vi do Do dai chubi
Rach Gia 105.04 10.01 1992-2022
Pht Qudc Kién Giang 103.58 10.13 1992-2022
Tho Chu 103.28 09.17 1995-2022

Béng 2. Danh sach céc tram do mua nhan dan.

Tén Tram Tinh Kinh d¢ Vi do Do dai chudi
Kién Hai 104.3609  9.6932 19922022
Ha Tién 104.5083  10.3983 19922022
Giang Thanh 104.6599  10.5186 1992-2022
Kién Luong 104.5973  10.2557 1992-2022
Hon Dit 104.8967  10.2083 1992-2022
Tan Hiép 105.2797  10.0067 19922022
Chau Thanh Kién Giang  105.1367  9.9633 19922022
Gidng Riéng 105.3108  9.9057 1992-2022
GO Quao 105.2775  9.7330 1992-2022
An Bién 105.0753  9.8183 1992-2022
An Minh 104.9077  9.6285 1992-2022
U Minh Thugng 105.1386  9.7050 1992-2022
Vinh Thuan 105.2108  9.5333 19922022
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2.2. Phuong phap nghién ciru

Trong nghién ctru ndy, phuong phap théng ké duoc st dung dé déanh gia phan tich va
tinh toan dic trung thong ké 13 gia tri trung binh. Coéng cu tinh toan 1a diing phan mém Excel,
MaplInfo.

Dé danh gia phan bd theo khdng gian ta xem xét cac bién trinh nam cia ving. Xét sy
bién d6i ciia mua theo nam, thang, ngay va theo mua, v& duong ddng mirc va xu thé qua cac
giai doan 1992-2002, 2003-2012 va 2013-2022.

Dé danh gia xu thé tang giam ciia cc yéu to mua nhiét, phan tich duong xu thé dang
tuyén tinh dugc 4p dung (y Aot Aat, trong d6 y la déc trung ySu t6 can khao sat, t 1a sd
nam, Ao, A1, 1a cac hé sé hoi quy) biéu dién rn01 quan h¢ gilta luong mua tai cac tram va
khoang thoi gian nghién ctru dé nhan xét. Hé s6 nay cho biét xu thé ting hodc giam cua luong
mua (Ar> 0: tang, A1 < 0: giam).

Ngoai ra dé xem xét ki hon vé xu thé bién do6i ctia lugng mua trung binh qua cc nam ta
tinh nhiét d¢ trung binh cac nam va cua ca thoi ky 1992-2022.

3. Két qua va thao luin

3.1. Ché do nhiét

Ché do nhiét ma ta néi dén & day 1a nhiét do khong khi. Nhiét d6 khong khi 1a yéu t6 khi
hau thé hién rd nhat bai sy anh hudng ciia vi tri dia 1y, hoan luu khéng ché, ché do nang v.v...
Nam trong vanh dai nhiét d6i Bic ban cau, Kién Giang c6 mot nén nhiét do cao va kha 6n
dinh. Péc trung nhiét tai mot sb dia phuong Kién Giang so vdi tiéu chuin nhiét doi & bang 3
cho thiy tir viing dong bang dén hai dao ¢ Kién Giang ludn cao hon nhiéu.

Bang 3. So sanh dic trung nhiét & Kién Giang véi tiéu chuan nhiét dai.

2 Kién Giang
Cac dic trung Nhié¢t déi tieu chuan = — —
Tho Chu Rach Gia  Phu Quoc
Tdng nhiét d6 nam Tu 7500-9500°C 10038°C 10038°C 10111°C
Ttb nam (°C) Trén 21°C 27,5°C 27,5°C 27,7°C
S thang Ttb dudi 20°C Dudi 4 thang 0 0 0

Ttb thang lanh nhat Trén 18°C 23,4°C 22,9°C 23,5°C
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Theo s6 liéu dac trung nhiét do ctia 3 tram khi tugng trong bang 4, 5 va 6 cho théy Kién
Giang sy bién doi nhiét d6 theo thoi gian va khong gian déu nhé. Nhiét d¢ trung binh nim
gan nhu khong khac nhau giita cac dia phuong trong tinh. Nhiét d6 cac thang c6 su bién ddi
nho, tuy nhién ciing c6 su phan bd kha rd rang trong nim. Sy phan bd nay phu hop véi hé
thong hoan luu chi phdi theo timg mua, ting thang. Trong nam c6 thang 4 va thang 5 1a 2
thang nong nht trong nim, nhiét d6 cao nhét co khi 1én den 36-37°C, thang 1 va thang 12 la
2 thang lanh nhét trong nam, nhi¢t do thap nhéat c6 khi xuong dén 17-18°C.

Bang 4. Céc dic trung nhiét do (°C) tai Tram Thé Chu thoi ky (1995-2022).

Dic trung | 1 i v \Y VI VI Vi IX X Xl XII' Nam
Trung Binh 25,7 26,1 276 29,0 289 284 280 279 277 276 273 263 275
Cao nhét 33,0 350 36,0 365 368 355 34,7 357 348 345 333 331 368
Thap nhat 214 206 224 226 221 224 216 214 220 220 220 22,0 20,6
TBcaonhat 31,2 32,3 340 349 350 339 332 332 330 326 318 31,2 330
TBthipnhdt 23,1 234 241 243 239 233 228 228 230 232 234 233 234

Bang 5. Céc dic trung nhiét d6 (°C) tai Tram Rach Gid thoi ky (1992-2022).

DPic trung | 1 1 v vV VI VIl VI IX X Xl XIl Nim
Trung Binh 25,7 26,1 276 290 289 284 280 279 27,7 276 273 263 275

Cao nhat 33,0 34,0 358 37,0 36,2 34,7 338 340 348 345 341 334 370
Thép nhét 17,1 17,7 214 224 228 223 223 21,7 230 220 205 186 171

TB cao nhét 31,8 331 346 354 346 329 317 31,8 322 326 324 318 329
TB thap nhét 20,5 21,2 22,7 240 242 237 235 235 23,7 235 230 212 229

Bang 6. Cac dic trung nhiét do (°C) tai Tram Pht Qudc thoi ky (1992-2022).

DPic trung I 1 i v \ AVA VA T BVA | | B D¢ X Xl XII' Nam
Trung Binh 26,5 269 28,1 288 289 284 279 278 275 272 274 269 277
Cao nhat 333 344 358 364 356 350 340 338 338 337 332 334 364
Théap nhét 17,3 181 210 220 234 225 225 226 228 214 21,3 190 173
TB cao nhét 316 323 334 337 331 320 31,7 31,1 31,1 31,7 319 318 321
TBthapnhdt 213 222 234 243 247 244 240 241 241 238 237 222 235

bic trung nhiét d6 trung binh khong co su bién dong nhiéu giita cac tram khi tuong, gia
tri nhiét 6 trung binh thap nhat xuat hién vao thang 1, nhiét do trung binh c6 xu thé tang dan
va dat gia tri cao nhat & thang 4, 5 sau d6 do c6 mua chuyén mua nén xu thé nhiét do trung
binh gidam dan cho dén cudi nam; V& dic trung nhiét d§ Tmax gia tri cao nhat nam tram Rach
Gi4 va Phu Qudc xuit hién vao thang 4, tram Thd Chu xut hién & thang 5, nhiét d6 Tmax cO
xu thé ting dan tir thang 1 va dat gia tri cao nhat vao thang 4, 5 sau d6 chuyén sang xu thé
giam dan nhung khong déu giira cac tram khi tuong tinh Kién Giang. Piac biét 2 tram c6 xu
the tang nhiét d§ Tmax 1én ¢ thang 8 (tram Thé Chu 35,7 0C) thang 9 (tram Rach Gia 34,8 °C)
roi tiép tuc giam dan dén thang 12; Pic trung Tmin 6 su bién dong rd rét giita cac thang trong
nam, tram Thd Chu gia tri Tmin it cO su thay ddi nhiéu gitra cac thang trong ndm. Tram Phu
Quéc, tram Rach Gia c6 gié tri Tmin chénh 1éch nhau khong nhiéu, gia tri Tmin thp nhat xuét
hién vao thang 1. Nhi¢t d§ Tmin c6 xu thé tang 1én tir thang 2 ¢ hai tram Rach Gi4, Phu Quéc,
tir thang 3 ¢ tram Thé Chu, thang 4 dén thang 10 gia tri Tmin it thay doi, cac thang con lai co
xu thé giam dan cho téi thang 1 nam sau. Riéng tram Thd Chu xu thé nhiét d6 Tmin tir thang
4 @én thang 12 it thay d6i, thang 1 nhiét d6 Tmin c6 xu thé giam xudng va dat gia tri thap nhét
& thang 2, sau d6 xu thé ting 1én ¢ thang 3 (Hinh 3).
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Hinh 3. Pac trung nhiét d6 thang tai cac tram khi tugng tinh Kién Giang thdi ky (1992-2022).

Pic trung nhiét do trung binh nam theo thoi gian c6 xu thé ting dan & ca 3 tram khi
tuong tinh Kién Giang, so véi gié tri nhiét do trung binh nhidu nam thi thoi ky 1992-2022 c6
xu thé nhiét do tang tir 0,1-0,3°C so v&i gid tri nhiét 6 trung binh nhiéu nam (Hinh 4). Nhu
vay, dac trung nhiét do thang tai cac tram khi tugng tinh Kién Giang thoi ky 1992-2022 cé
xu thé, phan bd phu hop véi hé thdng hoan luu chi phdi theo timg mua, timg thang va dic
trung nhiét d¢ trung binh ndm theo thoi gian ¢ xu thé ting 1én.
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Hinh 4. Déc trung nhiét d6 trung binh nam tai cac tram khi twgng tinh Kién Giang thoi ky 1992-2022.
3.2. Ché d¢ mua

Luong mua la yéu t6 khi hau phy thudc rat nhiéu vao sy thay d6i cac hoan luu khi quyén,
sy anh hudng cua dia hinh, sy thay ddi diéu kién tham thuc vat, nhirng hoat dong ctia con
nguoi lam thay ddi méi truong, ... tai mdt dia phuong nhat dinh. Do vay lugng mua trong
tung thang, tirng mua, cling nhu tung ndm c6 sy khac nhau.

3.2.1. Luvong mua ndm

Qua sb liéu mua do dac tai cac tram khi tuong va do mua trong va lan can tinh Kién
Giang, cho thdy lugng mua giam dan tir Tay sang Dong. Hang nam tai dao Pha Qudc co
luong mua 16n nhét, c6 nam dat trén 4000 mm nhu ndm 2000 mua 4165 mm va nam 2019
mua 3943 mm, sau d6 1a cac ving ven bién phia Tay ctia Tinh, ph6 bién tir 2000-2300 mm,
noi c¢6 lwong mua thap nhat 1 phia Pong ctia Tinh, phd bién tir 1700-1900 mm. Téng luong
mua hang nim cac noi tai Kién Giang dao dong quanh trj sé trung binh nhiéu nim trong
khoang +£20%. Tuy nhién trong tirng thang thi c6 sy dao dong manh hon, trong khoang +30%,
c6 thang 1én dén 40—-50% so véi tong lwong mua trung binh nhiéu nam. Céc dia phuong ¢
bién dong lwong mua thang 16n nhét tinh 13 An Bién, Ha Tién, Hon Dat, Gidong Riéng va dao
Phu Quéc (Hinh 5).
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BAN PO PANG TRI LUGNG MUA NAM TINH KIEN GIANG
( Thoi ky 1992 - 2022)
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Hinh 5. Ban d6 dang tri lvgng mua nam tinh Kién Giang thoi ky 1992-2022.

Bang 7. Lugng mua trung binh thang va nam tai cac tram thudc tinh Kién Giang (mm) thoi ky 1992—

2022

Théng | 1 1 v \% Vi VII VI IX X Xl XII' Nam
Thé Chu 46,9 20,4 34,7 957 192,2 272,5 3155 272,4 360,7 333,3 231,0 1155 2290,8
Rach Gia 27,4 16,9 49,6 889 2356 272,1 344,2 3158 310,7 2819 190,8 63,1 21969
Pht Qudc 343 254 79,9 160,0 247,8 352,1 442,1 450,8 481,7 338,2 163,0 66,5 28418
Kién Hai 78 116 94 304 1188 210,6 260,2 289,9 296,3 262,4 819 34,8 16139
Ha Tién 22,8 179 60,0 132,7 202,1 234,5 300,7 289,6 256,5 269,6 151,4 62,5 2000,1

Giang Thanh 155 6,9 32,5 112,0 182,8 1757 192,8 1895 248,3 2582 147,1 484 1609,7
Kién Luong 20,9 12,0 40,0 130,8 207,7 262,7 326,6 333,9 2854 307,1 1765 69,2 21727
Hon Pét 148 11,2 46,2 86,4 198,33 2357 296,3 307,7 273,4 310,0 161,8 66,2 2007,9
Tan Hiép 21,8 19,3 455 66,7 1554 201,9 273,8 2585 277,7 283,7 159,9 53,0 18172
Chau Thanh 25,6 24,2 36,9 62,5 187,7 256,9 309,2 228,0 353,8 247,2 132,4 435 19078
Gidng Riéng 145 175 250 64,7 2150 222,7 310,1 275,0 303,0 309,6 158,2 51,9 1967,1

G0 Quao 16,1 12,0 37,5 114,2 2253 243,6 346,6 301,2 314,9 3154 156,7 52,9 2136,5
An Bién 12,7 22,8 62,2 114,4 2472 324,4 413,4 338,6 343,0 291,1 1429 52,6 2365,2
An Minh 25,7 32,1 46,7 1305 236,4 310,8 403,3 356,6 393,1 327,5 1715 61,6 24959

U Minh Thuong 244 23 0,1 684 1203 100,9 291,6 267,8 227,3 270,4 96,2 36,5 15059
Vinh Thuéan 27,4 16,8 45,6 137,2 207,3 246,8 354,6 299,1 317,4 290,0 151,3 58,4 21029

3.2.2. Luong mua ngay

Luong mua ngay 16n nhat tai Kién Giang thuong xay ra khi chiu danh huéng cua hoan
lwu bo, ap thap nhiét d6i, dai hoi tu nhiét doi, nhidu dong nhiét d6i,... Nhung déng ké nhat
1a khi ¢ su két hop ctia nhiéu loai hinh thoi tiét khac nhau.

Luong mua ngay 10n nhit tai Kién Giang trong nhiing thang ctia miia mua c6 thé dat tir
100-200 mm, dac biét trong 2 thang chinh cua mua mua la thang VII va VIII lugng mua
ngdy 16n nhat c6 nam 1én den 200-300 mm (Hinh 6). Riéng tram Tho Chu ¢6 lugng mua
ngay 16n nhat 1 326.3mm xuat hién vao thang XI, do anh hudng truc tiép cua con bio sb 5
nam 1997 (Bang 8).
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Bang 8. Luong mua ngay 16n nhét thang va nam (mm) thoi ky 1992-2022.
Théang | 1 i v \ Vi VI VI X X Xl XII Niam
Thé Chu 69,0 51,0 123,3 851 106,7 116,4 146,9 180,8 159,9 198,0 326,3 157,7 326,3
Rach Gia 41,7 57,5 111,1 94,1 176,6 185,0 220,3 260,5 114,1 159,0 186,7 553 260,5
Phii Quoc 77,9 112,2 103,2 127,1 109,6 126,8 196,5 327,1 188,4 181,2 136,0 1054 327,1
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Hinh 6. Biéu d6 lugng mua ngay 16n nhit thoi ky 1992-2022.

Tong s6 ngdy mua trung binh nhiéu nim tai Kién Giang dao dong trong khoang tir 150—
180 ngay, Pht Qudc khong nhitng 12 noi c6 luong mua 16n ma s ngay mua cling 16n nhét
tinh. Trong cac thang chinh cia mua mua hau hét cac noi déu c6 trén 20 ngay/thang, cac
thang it mua va kho han s6 ngdy mua rét it, tham chi nh1eu nam xay ra tinh trang khong mua
dai ngay gay kho han, anh hudng nghiém trong dén doi séng xa hoi va san Xuat nong nghiép
cho cac dia phuong trong tinh. Lugng mua 16n tap trung trong thoi gian ngan, ¢ y nghia rat
quan trong, bai d6 chinh 12 nguyén nhan gay ra nhiing thién tai nguy hiém nhu: 1, lut, ngap

ung, sat 19,...
Bang 9. S6 ngay mua trung binh thang va nam (ngay) thoi ky 1992-2022.
Thang I v vV Ve VIL VIIE IX X  XI XII Nim
Thé Chu 6 3 5 9 16 19 20 20 20 21 16 162
Rach Gia 2 1 3 7 17 19 20 22 21 21 16 6 155
Phu Quéc 5 4 7 12 19 21 22 24 23 21 13 6 177
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Hinh 7. Biéu d6 s ngay mua trung binh thang thoi ky 1992-2022.
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3.2.3. Phan bd lugng mua theo mua

Thong thudong dé xac dinh mua mua va mua it mua nguoi ta dung phuong phap dinh
lugng va phuong phap khach quan.

- Phuong phap dinh luong nhd dya vao lwong mua (khong tinh dén nguyén nhéan gay
mua).

- Phuong phap khach quan (cén cir vao nguyén nhén gay mua).

O day dua vao phuong phap dinh lugng, dung chi ti€u tong luong mua thang trung binh
nhiéu nam 100 mm va s6 ngay mua trung binh tir 10 ngay tr¢ 1én hodc tan sut trén 75% sb
nam xuét hién lugng mua thang c6 tir 100 mm trd 1€n 1am chi ti€éu cho mua mua, nguoc lai
la mua it mua.

Theo chi tiéu trén, thi tai Kién Giang mia mua tir thang V dén thang XI, mua it mua
(mua kho) tir thang XII dén thang IV nim sau. Dé thdy rd dugc su twong phan khic nghiét
vé tinh hinh mua giita 2 miia, mua va it mua tai Kién Giang (Bang 10-11).

a) Mua mua

Lugng mua cic noi trong tinh chiém tir 85-94% luong mua nam, dic biét chi trong 2
thang VII va VIII lugng mua da trén 30% luong mua nam.

Bang 10. Lugng mwa (mm) va ti trong (%) clia miia mua va ctia 2 thang VII va VIII, so véi tong
lwong mua nam thoi ky 1992-2022.

Tram Mua mua mua (mm) Titrong (%) Muwa thang VII-VIII (mm)  Ti trong (%)
Thé Chu 1977,6 86,3 587,9 25,7
Rach Gia 1951,1 88,8 660,0 30,0
Phu Quéc 2475,7 87,1 892,9 314
Kién Hai 1520,1 94,2 550,1 34,1
Ha Tién 1704,4 85,2 590,3 29,5
Giang Thanh 13944 86,6 382,3 23,7
Kién Lwong 1899,9 87,4 660,5 30,4
Hon Dit 1783,2 88,8 604,0 30,1
Tan Hiép 1610,9 88,6 532,3 29,3
Chau Thanh 1715,2 89,9 537,2 28,2
Gidng Riéng 1793,6 91,2 585,1 29,7
G0 Quao 1903,7 89,1 647,8 30,3
An Bién 2100,6 88,8 752,0 31,8
An Minh 2199,2 88,1 759,9 30,4
U Minh Thugng 13745 91,3 559,4 37,1
Vinh Thuén 1866,5 88,8 653,7 31,1

b) Mua it mua

Luong mua céc noi trong tinh chiém dudi 15% lugng mua nam, riéng Vinh Thuédn chiém
20% lugng mua nam, dac biét trong 2 thang I va Il lwong mua rat thap duoi 3% tong lugng
mua nam.

Bang 11. Luong mua (mm) va ti trong (%) clia mua it mua va cta 2 thang I va II, so véi tong lugng
mua nam thoi ky 1992-2022.

Tram Mwa mua it mwa (mm)  Titrong (%) Muwa thang I-1l (mm) Ti trong (%)

Thé Chu 313,2 13,7 67,3 2,9
Rach Gia 245,9 11,2 44,3 2,0
Phl Quéc 366,1 12,9 59,7 2,1
Kién Hai 94,0 5,8 19,4 1,2
Ha Tién 295,9 14,8 40,7 2,0
Giang Thanh 215,3 13,4 22,4 14
Kién Luong 2729 12,6 32,9 15
Hon Dat 2248 11,2 26,0 1,3

Tan Hiép 206,3 114 41,1 2,3
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Tram Mwa mua it mwa (mm)  Titrong (%) Muwa thang I-1l (mm) Ti trong (%)
Chau Thanh 192,7 10,1 49,8 2,6
Giong Riéng 173,6 8,8 32,0 1,6
G0 Quao 232,7 10,9 28,1 13
An Bién 264,7 11,2 35,5 15
An Minh 296,6 119 57,8 2,3
U Minh Thugng 131,7 8,7 26,7 1,8
Vinh Thuén 436,7 20,8 44,2 2,1

3.2.4. Bién dbi lvong mua nim

C6 thé n6i mua 1a yéu t6 bién d6i manh mé nhat trong tat ca cac yéu t khi hau. Xét vé
xu thé bién déi, yéu t6 mua lai co xu hudng nguoc lai so véi yéu t6 nhiét do. Ché do nhiét co
xu huong ting 1én, trong khi ché d6 mua lai c6 xu hudng giam di. Theo s liéu mua tir 1992
cho dén nam 2022, sy chénh léch gitra ndm mua 16n nhat va nim mua nho nhat 1a 2283 mm
(tram Pha Qudc), 1367 mm (tram Rach Gid) va 1208 mm (tram Thé Chu) 16n gap 1,7-2,2
lan so véi nam mua it nhat. Néu chi tinh riéng luong mua mua mua thi gia tri cuc dai va cyc
tiéu co lwong mua chénh nhau 1,8-2,3 lan, trong mua it mua chénh nhau 16n 3,5-20,0 lan

(tram Thé Chu 3,5 1an, Phu Quéc 9 1an, Rach Gia 20 lﬁn).

3.2.5. Xu thé thay d6i mua

Can ctr vao s liéu mua tai 3 tram khi tuong (Rach Gia, Pha Qudc, Tho Chu) thoi ky
1992-2022, v& d6 thi biéu dién theo thoi gian cho ta két qua nhu sau:
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Hinh 8. Xu thé lvong mura mua mua—mua it mua tai tram Rach Gia thoi ky 1992-2022.
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Hinh 9. Xu thé lwong mua nam tai tram Rach Gia thoi ky 1992-2022.
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Tur d6 thi biéu dién theo thoi gian cho ta théy, tai tram khi tugng Rach Gia xu thé mua
mua mua khong c6 thay doi luong mua theo thoi gian, mua it mua c6 xu thé ting nhe luong
mua theo thoi gian (Hinh 8). Vé lugng mua nam tai tram khi tugng Rach Gia c6 xu thé tang
nhe theo thoi gian thoi ky 1992-2022 (Hinh 9).
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Hinh 10. Xu thé lvong mua mua mura—mua it mua tai tram Pha Quéc thoi ky 1992-2022.
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Hinh 11. Xu thé lugng muwa nam tai tram Pha Qudc thoi ky 1992-2022.

Tai tram khi trong Phti Quéc xu thé mua mua mua va mua it mua c6 xu thé ting nhe
luong mua theo thoi gian (Hinh 10). V& luong mua nam tai tram khi twong Phu Qudc ¢6 xu
thé tang theo thoi gian thoi ky 19922022 (Hinh 11). Riéng tram khi tugng Tho Chu xu thé
mua mia mua c6 sy giam lwong mua theo thoi gian, mua it mua khong co xu thé thay doi
lwong mua theo thoi gian (Hinh 12). Vé luong mua nam tai tram khi twong Thé Chu c6 xu
thé giam theo thoi gian thoi ky 1992-2022 (Hinh 13).
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Hinh 12. Xu thé lwong mua mua mwa—mua it mua tai tram Thé Chu thoi ky 1992-2022.
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Hinh 13. Xu thé luong mua ndm tai tram Th Chu thoi ky 1992-2022.

Dé xét xu thé va chu ky bién ddi cua ché do mua trong cac thoi ky, ciing gidng nhu yéu
t6 nhiét do. O day chung toi cling dua ra ba thoi ky 10 nam, thoi ky tir naim 1992-2002, 2003—
2012 va thoi ky tir naim 20132022, dé danh gia chung cho sy thay d6i mua & tinh Kién Giang
nhu sau:

Qua biéu dd d6 chénh 1éch va xu thé cua lugng mua ndm cua chudi sb liéu ta théy. Ca
03 khu vuyec tinh Kién Giang, ché d6 mua déu c6 xu hudng giam trong 10 nim (2003-2012)
so voi 10 nam trude (1992-2002) tir 54,0-148,1 mm, va c6 xu hudng tang manh nhéat vao
nhitng nam gan day (2013-2022) ting dén 142,3-330,0 mm, dic biét tai Phii Qubc c6 xu thé
tang manh I&n —148 dén 330 mm so véi 10 nam trude (2003-2012), trong khi d6 tai Tho Chu
c6 xu thé giam tir —54 dén —104 mm. Néu ta xét cac thang trong nam ddi voi timg khu vic
trong tinh thi vao cic thang trong nim co su ting giam khong ddng déu. Luong mua giam
chu yéu vao cac thang tir thang 1V, VI-VIII, X, X1 va thang XII tir 2-127 mm (khu vuc Rach
Gid), tir 6-162 mm (khu vuc Pha Qudc), tir 8-83 mm (khu vuc Tho Chu), cac thang con lai
giam it hon tir 0.4-5 mm cho ca ba khu vuc; riéng cac thang I, I, IV, V va IX mét vai noi
lai ¢6 su ting vé lwgng mua trong thang tir 1047 mm. Nhin chung, lugng mua giam chii yéu
vao thoi ky cudi mua mua, mua it mua xu huéng lugng mua khong c6 su thay d6i ¢ khu vuc
Pht Qudc va Tho Chu, riéng khu vue Rach Gid mua it mua c¢6 xu huéng mua tang 1én.

Béang 12. Luong mua va chénh 1éch thoi ky 1992-2002 vai 2003-2012.

Lwong mua trung binh thang va nim tram Rach Gia

Théng

Théi ky | 1 i v \Y VI Vil Vil IX X Xl Xl Nam

1992-2002 12,5 155 28,8 120,0 226,1 3134 4286 3059 2757 3144 2410 53,7 23356

2003-2012 141 198 745 70,7 2643 289,0 3016 2791 3498 2769 1681 515 21595

Ar 441 44 457 -493 382 -244 -1270 -268 741 375 -729 -22 -1336
2003-2012 141 198 745 70,7 2643 289,0 3016 2791 3498 2769 1681 515 21595
2013-2022 582 193 542 984 2386 2660 3382 2948 3724 2869 2020 729 2318

AR 441 06 -204 27,7 -257 -230 366 157 226 99 339 214 1423
Lwong mua trung binh thing va nim tram Phia Qudc

_ Thang I nm vV VI VI VI X X XI  XIl  Nim

Thoi ky

1992-2002 512 306 589 1823 2606 3486 4119 4816 3615 390,1 2079 58,9 2844,
2003-2012 356 238 845 1513 2409 3628 4323 318,7 557,2 283,0 1435 62,2 26959

AR -156 68 256 -310 -197 143 204 -1629 1957 -1071 644 33 -1481
2003-2012 356 238 845 1513 2409 3628 4323 318,7 557,2 283,0 1435 62,2 26959
2013-2022 383 301 840 1629 2525 3704 4565 4639 5492 3441 1824 91,7 30259

AR 27 63 -04 115 115 7,6 242 1452 -80 61,0 389 294 3300
Lwong mua trung binh thing va nam tram Thé Chu
_ Thang | N IV VvV VI VL VI IX X XI  XIl  Nim
Théi ky

1995-2002 265 308 163 67,2 1954 3324 2736 279,7 3452 370,2 2848 147,0 2369,0
2003-2012 399 203 636 1046 2103 2489 3560 2660 373,0 3466 2010 846 23150
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Luwong mua trung binh thiang va nim tram Rach Gia

Théang

Thi ky | 1 11 v \Y VI Vil Vil IX X Xl X' Nam

AR 134 -106 473 374 149 -834 823 -13;7 279 -236 -837 -623 -540
2003-2012 399 203 636 1046 2103 2489 3560 2660 3730 3466 2010 84,6 23150
2013-2022 702 121 190 1112 1716 2481 3086 2728 3609 290,6 2179 1217 2204,6

Ar 303 81 446 65 -387 09 474 68 -121 561 168 37,1 -1104
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Hinh 14. Chénh 1éch luong mua thoi ky 1992-2002 véi 2003-2012.
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Hinh 15. Chénh Iéch lugng mua thoi ky 2003-2012 véi 2013-2022.

4. Két luan

Qua phén tich chudi s liéu mua va nhiét do tir naim 1992-2022 trén dia ban tinh Kién
Giang. Chung t6i dua ra mot s6 két luan va nhan xét nhu sau:

Kién Giang su bién doi nhiét do theo thoi gian va khong gian déu nho. Nhiét d6 trung
binh nam gan nhu khong khac nhau giita cac dia phuong trong tinh. Nhiét d6 cac thang c6 su
bién d6i nho, tuy nhién ciing c6 sy phan bd kha rd rang trong nam. Sy phan bd nay phi hop
v6i hé théng hoan luu chi phdi theo timg mua, timg thang. Trong ndm c6 thang 4 va thang 5
1a 2 thang nong nhat trong ndm, nhiét d cao nhét c6 khi 1én dén 36-37°C, thang 1 va thang
12 1a 2 thang lanh nhét trong nim, nhiét &6 thap nhét c6 khi xudng dén 17-18°C. Dic trung
nhiét do thang tai cac tram khi tuong tinh Kién Giang thoi ky 1992-2022 ¢6 xu thé, phan b
phil hop v6i hé thong hoan luu chi phdi theo timg mua, timg thang va dic trung nhiét do
trung binh niam theo thoi gian c6 xu thé ting 1én.

Luong mua trung binh nam ¢ Kién Giang dat tir 1800-2300 mm, luvong mua tap chung
chu yéu vao mua mua (V—X) chiém tir 85-94%, trong khi mua it mwa chi chiém dué6i 15%
tong lugng mwa nam. Vé sy phan bb lugng mua ¢ cac khu vuc trong tinh: Mua mua luong
mua cac noi trong tinh chiém tir 85-94% luong mua nam, dac bi¢t chi trong 2 thang VII va
VIII lwong mua da trén 30% luong mua ndm. Mua it mua lwong mua cac noi trong tinh chiém
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dudi 15% luong mua nam, dic biét trong 2 thang I va II lugng mua rat thap dudi 3% tong
luong mua nam.

Luong mua trung binh céc thang mia mua thuong dat tir 150-350 mm, 16n nhat VIII,
IX dat tor 300400 mm. Mua it mua thi cac thang c6 su bién dong it hon, lugng mua trung
binh céc thang nay thuong khong vugt qua 50 mm; riéng hai thang IV va XI ¢6 lugng mua
16m hon cac thang con lai nhung ciling khong vuot qua 150 mm.

Theo bién trinh lwong mwa ndm, ca 03 tram ciia tinh Kién Giang, lwong mwa c6 xu huéng
giam trong 10 nam (2003-2012) so v&i 10 nam trude (1992-2002) tir 54,0-148,1 mm, va cé
xu huéng ting manh vao 10 nim gan ddy (2013-2022) ting dén 142,3-330,0 mm, dic biét
tai Phti Qudc c6 xu thé ting manh 1én —148 dén 330 mm so vé6i 10 nim trude (2003-2012),
trong khi do tai Tho Chu c6 xu thé giam tir —54 dén —104 mm. Nhin chung, lvong muwa giam
chu yéu vao thoi ky cubi miia mua, mua it mua xu huéng luong mua khong c6 sy thay doi &
khu vuc Phu Quoc va Thd Chu, riéng khu vuc Rach Gid mua it mua c6 xu hudng mua ting
1én.

Céc thang trong nam d6i voi timg khu vuc trong tinh thi vao cac thang trong nam co su
tang giam khong ddng déu. Lugng mua giam chu yéu vao cac thang tir thang VI-VIII, X va
thang X1 tir 20127 mm (khu vuc Rach Gid), tir 20-160 mm (khu vuc Phu Quéc), tir 26-76
mm (khu vuc Tho Chu), cic thang con lai giam it hon tir 2-16 mm cho ca ba khu vyc; riéng
cac thang III, IV, V va IX mdt vai noi lai ¢6 su tang vé luong mua trong thang tir 25-195
mm. Nhin chung, lugng mua giam chu yéu vao thoi ky cudi mia mua, cOn vao mua it mua
thi giam tuong d6i dong déu hon & ca ba khu vuc.

Su bién dong cua lugng mua ndm so véi do hut chuén & cac nim cling rat 16n. Tir 1992—
2012 thi s6 ndm c6 luong mua dat va vuot mic TBNN chiém 40% (khu vuc Rach Gia), 20%
(khu vuc Phit Qudc) va 60% (khu vuc Thd Chu); Tir 2002—-2022 thi sé ndm c6 lugng mua
dat va vuot mic TBNN chiém 20% (khu vuc Rach Gid), 40% (khu vuc Pha Qubc va khu
vuc Tho Chu).

Vé xu thé lrong mura nam tai tram khi tuong Rach Gia va Phu Quéc ¢ xu thé tang luong
mua ndm theo thoi gian, con tram khi tuong Thé Chu c6 xu thé giam lugng mua nam theo
thoi gian thoi ky 1992-2022.

Nhu vay, qua sb liéu nhiét d9, luong mua trong 30 nim qua cia tinh Kién Giang, cho ta
thdy c0 su bién dong manh mé& ciia khi hau trong ving. Mic du nhiing quy luat mang tinh
trung binh, chi méi cho ta nhitng nhéan thirc khai quat. Chinh dic diém nay 1a tién dé dé danh
gia nhimg di thuong khi héu hang ndm. Véi sy tang cua nhi¢t d¢, gidm vé lugng mua khu
vuc Thé Chu, tang luong mua khu vuc Phi Qudc va Rach Gia, cho ta thdy duoc khic nghiét
ctia thoi tiét dang co xu huong tang 1én. Ddc biét trong cac ndm tlep theo, lam anh huong va
tac dong manh m& dén doi séng clia con ngudi, ciing nhu cay trong va vét nudi d6i véi tinh
Kién Giang noi riéng va Viét Nam ndi chung. Nén viéc ddi pho véi su bién ddi khi hau la
van dé can dit ra, hoach dinh chinh sach va danh gia tac dong ctia né dbi véi cac nganh kinh
té—xa hoi co lién quan, dbi voi trén dia ban tinh 13 diéu can thiét.

Loi cam on: Bai bio hoan thanh nho vao két qua ciia nhiém vu: “Danh gia xu thé bién doi
mua, nhi¢t do tinh Kién Giang”.

L1 cam doan: Tac gid cam doan bai bdo nay la cong trinh nghién ctru cua tac gia, chua dugc
cong bd & dau, khong dugc sao chép tir nhitng nghién ciru trude day; khong cé su tranh chap
loi ich trong nhom tac gia.
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Trending of rainfall and temperature in Kien Giang province

Dinh Thi Viet Ha'*
! Kien Giang Hydrometeorological Station; viethakttv@gmail.com

Abstracts: Recently, due to the influence of climate change, weather events occur
irregularly, this change will strongly affect and have a profound impact on related socio-
economic sectors, people's lives, as well as the sustainability of crops and livestock for Kien
Giang province in particular and Vietnam in general. Therefore, it is necessary to assess the
development of rain and temperature changes. Based on the statistical method, the linear
function y = A, + Az, the series of temperature and precipitation data in the past 30 years
(from 1992-2022), to evaluate the spatial distribution of annual variables of the region, the
variation of rain, temperature by season, year, month, day and trend over decades. The
results show the strong variation of climate in the region. Although the measurement is
generally averagely referable, they also provide general insights. They form the premise to
evaluate the occurrence of annual climate irregularity. With the increase in temperature,
decrease in rainfall in Tho Chu area, and the increase in rainfall in Phu Quoc and Rach Gia
areas, it is showed that the severity of the weather tends to unstoppable. The research results
have contributed to the database in the field of meteorology and climate in Kien Giang.

Keywords: Climate change; Trend of rain change; Temperature; Influence of heat and rain;
Kien Giang province.
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Tém tit: SO lidu ra da thoi tiét 1a nguén s6 liéu rat hiru hiéu duogc s dung dé phan tich va
du béo thoi tiét, dac biét la trong viéc canh bao han cuc ngén phuc vu du béo. Vi¢e st dung
hiéu qué va kip thoi s6 lidu radar s& mang lai ¥ nghia rat 16n. Do do, nghlen ctru xay dung
cong cu ude lugng mua bang cong ngh¢ tri tu¢ nhan tao (Al) trong viéc str dung so liéu
radar vao du bao mua han cuc ngan. M6 hinh Convolutional Neural Networks (CNN) véi
co s& Rainet duoc dung dé tinh toan va udc lwong mua tir anh radar Nha B¢, voi dir liéu cac
thang mua mua tir thang 5 dén thang 11 nim 2019 va nam 2020 dung dé huin luyén mo
hinh. Nghién ciru da ap dung s6 liéu ndm 2021 dé kiém nghiém ket qua. banh gia cc truong
hop cho thdy kha nang u6c luong mua cua cong cu la tuong d01 t6t vé kha nang xay ra mua;
vé lugng mua da phan nho hon so véi thyc té, tuy nhién, sai sd ciing khong qué 16n.

Tir khéa: Udc lvgng mua; Convolutional Neural Networks (CNN).

1. M& dau

Trong nhimng nim gan dy, ngoai viéc st dung mo hinh dya trén vat 1y, cic nha du béo
va nha nghién ctru da bat dau ap dung cac k¥ thuat Al rong rai hon nhiéu, khi chung thé hién
su hiéu qua trong nhiéu tng dung, bao gdm hiéu chinh sai 1éch sau mé hinh, xt Iy bo dit liéu
16n, giam qua tai nhan thirc va mo khoa thong tin chi tiét méi trong bo dir lidu 16n. Al va cac
cong nghé khoa hoc dir li¢u, dac biét 1a khoa hoc may tinh va khai thac dir li€u, thu hep
khoang cach giita du bao mé hinh s6 va thoi gian thuc bang cach cai thién d chinh xac. Cac
k¥ thuat Al ciing trich xuét thong tin khong c6 sin tir cac mé hinh dy bao bang cach két hop
dau ra cia md hinh véi cac quan sat dé hd trg quyét dinh bo sung cho ngudi dy bao va ngudi
dung [1-9].

Trén thé gidi, co nhiéu nghién ctru trudc do6 st dung cong nghé Al vao du bdo, canh béo
thoi tiét nguy hiém. [1] dd nghién ctru may hoc du bao lwong mua tir anh radar (Machine
Learning for Precipitation Nowcasting from Radar Images). Cac tac gia nghién ctru mot ing
dung ctia Deep Learning (DL) cho van dé du bao lugng mua, ¢ phan giai cao (1 km x 1 km)
trong thoi gian ngin (1 gio) du bao vé lwong mua. Céc tac gia coi dy bao nhu mot bai toan
dich tir anh sang anh va tan dung sirc manh cua mang no-ron tich ty UNET pho bién. Cac
tac gia thdy diéu nay hoat dong thuan loi khi so sanh v&i ba mé hinh thuong duoc sir dung:
ludng quang hoc, d6 bén va du bao hién tai HRRR mot gio cia NOA Nghién ctru chi ra rang,
du bao dg phan giai cao 1a mdt cong cu thiét yeu cAn thiét dé thich ung hiéu qua voi bién d6i
khi hau, dic biét 1a dbi v6i thoi tiét khic nghiét. Nghién ctiru vé sir dung Al dé cai tién thoi
gian gian du bdo cho cac hién tugng thoi tiét tac dong manh [2]. Trong nghién ctru, cac tac
gia ching minh rang viéc ap dung cac ky thuat Al cung véi sy hiéu biét vat Iy vé méi trudng
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c6 thé cai thién dang ké k¥ ning du bao d6i voi nhiéu loai thoi tiét co tac dong manh. Ho
cling dua ra cac k¥ thuat Al c6 thé xir 1y “dit 1iéu 16n”, cung cap thong tin chi tiét vé cac hién
tuong thoi tiét c6 tac dong 16n va nang cao nhan biét vé thoi tiét co tac dong 16n. [3] Nghién
ctru da su dung Al dé du bao luong mua thang va khi hau twong lai cho luu vuc Bowen, mot
khu vuc khai thac than quan trong & Queensland, Australia. Cac dyu bao thuc hién dya trén
cac mo hinh hoan luu chung (GCM) va chi ra rang s& ¢ su thay doi vé thoi gian va cuong
dd cua luong mua ¢ luu vuc Bowen cung voi bién ddi khi hau. Viéc sir dung mang no—ron
nhan tao (ANN), ANN c¢6 thé duoc st dung dé tao du bao hang thang trude 3 thang. Nhitng
du bao nay co thé duogc cai thién théng qua sy két hop tuyén tinh co trong s6 cua cac dy bao.
[4] n ghién ctru dong luc khi quyén, str dung Al trong du bao thoi tiét va khi hau. Cac tac gia
nhan thiy c6 thé sir dung mang noron sau dé mo phong toan bd dong lyc cua mot téng thé
duoc don gian héa manh m€ mo hinh hoan Iuu, cung cap ca du bao tdt vé trang thai mo hinh
vai ngay t6i cling nhu khi hau 6n dinh trong dai han chudi thoi gian.

Tai Viét Nam, cong nghé Al ciing dang dan phd bién trong nhiéu linh vyc, va nganh Khi
tuong Thuy van ciing da c6 nhiing nghién ctru img dung cong nghé Al trong xur Iy thong tin
dir liéu, quan tric va du bao, canh bao sém. Dai Khi trong cao khong nghién ctru, phat trién
cong cu st dung mo hinh hoc may: Logistic Regression Model (LRM), Random Forest (RF)
va Decision Tree Classifier (DTC) dé ting cuong do chinh xac cta thong tin du bao dong,
sét da dugc dua vao dy bao nghi€p vu tir ndm 2022. Trung tam Thong tin va Dt liéu KTTV
da thuc hién nghién ctru giai phap tmg dung Al dé nhan dang, hd tro du bao, canh bao mot
sO hién tugng khi tugng thily van nguy hiém. Trung tim Dy bio KTTV quéc gia c6 mot sd
dé tai nghién ctru xay dung hé théng Al ing dung trong du bao xody thuan nhiét d6i & Bién
DPoéng va anh huong dén Viét Nam han dén 3 ngay; Nghién ciru d6i méi cong nghé du bao
song bién, nudc dang do bio thoi gian 24 gid bang ki thuat xir 1y dit liéu 16n va hoc may va
Nghién ctru tmg dung cong nghé sé méi dé du bao dinh lugng mua han cuc ngan cho khu
vuc trung du, mién nui Viét Nam. Pai KTTV khu vuc Nam Bo da nghién ctru xay dung hé
théng giam sat, du bao, canh bao ngap/ tridu d6 thi dua trén nén tang Al tai TP HCM; tng
dung Al phuc vu dy bdo min va thi diém cho tinh Soc Trang [10].

C6 nhiéu phuong phap hoc may dé giai quyét bai toan xt 1y hinh phan loai hinh anh
(Image classification (SVM, k-means, ...), phat hién d6i tugng (Image detection (RCNN, Fast
RCNN, Faster RCNN, YOLO, ...). Xay dung cong cu udc luong lugng mua tir do phan hdi
Radar 12 m6t bai toan xir 1y hinh anh kha phirc tap doi hoi phai co sy tong hop két qua cua
cac phuong phap trén nén ching toi da lwa chon phuong phap CNN duya trén Rainet c6 kién
tric U—Net. Dy 1a 1a mot trong nhitng phuong phép tién tién trong linh vyc xir Iy dnh c6 mo
hinh hoc sau vi nhidu 16p va c6 kha nang mé rong. N6 giip cho viéc du bao chinh xac hon
va hiéu qua hon. Chi tiét Ve phuong phép, qua trinh thuc nghiém va két qua s& duoc trinh
bay lan lugt & cac phan tiép theo clia nghién ciru.

2. SO liéu va phwong phap nghién ciru

2.1. Gigi thiéu khu veec nghién cizu

Trong nghién ctu nay, thanh phé Tha Bic, TPHCM dugc chon lam trong tam nghién
ctu. DBbi véi nhitng van d& co ban can giai quyét dé phat trién kinh té x4 hoi cling nhu khoa
hoc k¥ thuat thuan loi hon d6 1a van dé giao thong va ngap ung, 1a hai vin dé 16n. Tai TPHCM
van dé ngap dang 1a van dé rat dang quan tim Kkhi v6i mat do dan cu cao, cling nhu hé thong
ha ting day dac thi ngép lut gay anh huong rat 16n t6i doi song cua nguoi dan va khu vuc
thanh phé Tha P ciing 1a diém ngap thuong xuyén voi nhimg * ‘rbn ngép” cua thanh phd.
Vi vay, viéc lua chon thi diém du bao mua 16n han cuc ngan nham phuc vu hé thong canh
bao som ngép lut dya trén nén tang tri tu¢ nhan tao ctia dé tai cho thanh phd Thanh phd Tha
buc 1a mét sy lua chon hop 1y va hitu ich; sau do, khi h¢ théng da duoc kiém nghi¢m, ung
dung ciing nhu danh gia va cho két qua tdt s& trién khai trén toan bd TP Ho Chi Minh [11].
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2.2. 56 liéu thu thdp

S6 liéu radar thoi tiét Nha Bé dit tai huyén Nha Be, thanh phd HO Chi Minh céc thang
mua mua tir thing 5 dén thang 11 cua giai doan 2019-2021, thoi gian quét 10 phat/lan, duogc
str dung dé lam dix liéu nghién ctru. S6 liéu cac ndm 2019, 2020 dung dé huan luyén mé hinh
AL Sb liéu nam 2021 sir dung dé kiém nghiém két qua. D6 phan giai mdi tép 1a 660x660.

S6 liéu danh gia: S4 liéu mua du bao va quan tric tai 3 diém do mua tu dong gém tram
Cat Lai, tram Tha Puc, tram DI An vao céc ngay 15/7/2021, 19/7/2021, 19-20/8/2021, 18—
19/9/2021 va 21/9/2021.
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2.3. Phuong phdap nghién cuu

Nghién ctru s& sir dung m6 hinh Convolutional Neural Networks (CNN) véi co s¢ Rainet
dung dé nghién ctru va xay dung cong cu ude lugng mua tir sé liéu radar. Mang no—ron tich
chap — CNN 1a mét trong nhitng mé hinh Deep Learning tién tién gitip cho chung ta xay dung
dugc nhitng h¢ théng thong minh v6i1 dd chinh xac cao. CNN bao gdm tap hop nhiéu 16p
khac nhau c6 thé hoc va trich xuét cac dic trung quan trong cua hinh anh mot cach ty dong
va gitp cho viéc dy doan tré nén chinh xac hon. Thiét ké ctia n6 dugc phat trién duoc tng
dung rong rai trong cho cac bai toan nhan dang, phan tich hinh anh va cac bai toan dy bao
mua bang mot lugng 16n hinh anh tir 46 phan hoi radar [12].

2.3.1. Phuong phap xay dung mo hinh Al

M6 hinh Al duge xay dung theo kién tric ma hoa — giai ma (encoder—decoder) d6i xtng
nhau. Dac trung trong kién triic ddi ximg gitra cac 16p bén trai voi 16p bén phai giup ta phuc
hoi lai thong tin da that thoat tai cac 16p max pooling vi néu nhu ta st dung 16p lay mau tang
Ien (upsampling layer) ngay tir 16p cudi cung & phan ma hoa thi thong tin cta dit liéu ban dau
bi mét di rat nhiéu.

- Trong d6 phan ma hoa (encoder) dung dé giam kich thudc dau vao cia 16p dit lidu qua
do trich loc dic trung dé tim ra dic trung cua dit liéu bang viée st dung céac 16p tich chap
(convolutional layer) va cac 16p tong hop tdi da (max pooling layer).

- Phan giai mé (decoder) dung dé phuc hdi lai kich thuéc ban dau cua ludi dit licu st
dung céc 16p lay mau ting 1én (upsampling layer) va 16p tich chap (convolutional layer).

Mé hinh ¢6 20 16p tich chép (convolutional layer), 4 16p tong hop toi da (max pooling
layer), 4 lay mau tang 1én (upsampling layer) va 2 16p bo qua (dropout layer) va 4 16p két nbi
bo qua (skip connections).

2.3.2 Phuong phép danh gia

Nghién ctru lya chon cac chi s6 cho danh gia gém: ME, MAE, RMSE, Bias, Far, PC
[16-19]. ’ )

Déanh gia sai so trung binh: F-Du bdo, O—Quan trac

- Sai s6 trung binh ME

ME==Y1_,(F, — 0)=F — 0 (1)
- Sai s6 trung binh tuyét doi

MAE==Y,|F; — 0j] @
- Sai s6 quan phuong

RMSE=\/$ Iy (F; = 0))? (3)

Panh gia d6i v6i du bao pha: Hits (H) = dy bao c¢6 va quan tric co; Misses (M) = du bao
khong va quan tric co; False alarms (F) = du bao c6 va quan tric khong; Correct negatives
(CN) = du béo khong va quan tric khong.

- Piém sai s6 (bias score): Bias score = (H+FA)/(H+M)

Bias score 13 thudc do tan sé twong ddi gitta mua du bao va quan tric.

- Ty phan dy bao phat hién sai: FAR= F/(H+ F)

Gid tri tbi vu FAR (False Alarms Ratio) =0
- D6 chinh xac: PC (Percentage Correct) = (H+ CN)/ (M+ F+ H+CN)
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Gié tri toi vu FAR (False Alarms Ratio) = 1

2.4. Qua trinh thuc nghiém mé hinh

2.4.1. Chuyén d6i va sip xép dir liéu ra da RAW & dinh dang HDF5

Sau khi thu thap sb liéu ra da Nha B¢, s& thuc hién chuyén déi dir liéu ra da vé dinh dang
HDFS3, tién hanh cai dit va st dung thu vién ma ngudn mé Python Wradlib, day 1a thu vién
phat trién va sir dung riéng cho viéc phan tich dir liéu ra da, dugc rat nhiéu trung tm trén thé
gi6i sir dung bai tinh hidu qua va on dinh. Sau o, tién hanh viét mot chuong trinh python dé
doc cac file RAW va chuyén ddi vé dinh dang HDF5. Quy trinh thuc hién chuyén ddi theo
cac budc sau:

Budc 1: Chuong trinh doc file dir liéu radar tai thu muc dugc chi dinh.

Budc 2: Dung thu vién Wradlib doc file radar.

Budc 3: Chuyén d6i dir lidu sang dinh dang HDF5.

Budc 4: Chuyén vé budc 1 véi file ra da tiép theo, thuc hién lai cac budc 2, 3.

Budc 5: Sau khi chuyén dbi tat ca cac file ra da sang HDF5 s& két thac qua trinh.

Bit dau

[ Nhap dir liéu ra da

9 Budc 2
Wradlib
Poc théng tin file va dir liéu

H Budc 3

[ Chuyén déi sang HDF5

Buodc 4

‘ Doc file tiep theo ‘

¢ Budc 5

Hinh 2. Quy trinh chuyén doi dir liéu ra da vé dinh dang HDF5.

2.4.2. Thu thap va lap dit liéu mua quan trac ty dong

Do mbi loai tram do mua ¢ nhitng c4u trac dit liéu khac nhau nén chiing t6i da xay dung
chuong trinh chuyén d6i d6i véi ting loai dit liéu. Ngon ngir Python duoc sir dung de xay
dung chuong trinh. Déi véi cac tram thude du an “Po mua nhan dan VRAIN”, phan mém sé&
liy s6 liéu theo phuong thite HTTP qua website cta du an mdi 10 phat. Theo di cac thu
muc chira file data dugc truyén vé mdi may chu riéng biét cia tirng du an. Mdi khi co file dix
liu duogc truyén vé chuong trinh s& doc file dit liéu tho rdi thong qua cac bude chuyén doi
bén dudi dé dua vé dit liéu chuan.

Khi thu thap day du cac sb liéu tir cic tram tu dong va tién hanh kiém soat s liéu thi
ching tdi s& tién hanh thiét ké va xay dung co so dit liéu My SQL.
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2.4.3. Cac budc chay mo hinh

Huén luyén mo hinh Al véi cac bo dir li€u radar trong qua khi dé thu duoc bd trong $0.
B0 trong s nay s& dugc dung dé lam trong sb cho mé hinh AL

Mo hinh Al 14y bén ludi dit liéu radar lién tiép 1am cac kénh dau vao riéng biét (t-30, t—
20, va t-10 phdt va t — trong d6 t 13 thoi gian cta hién tai) dé du bao thoi diém t+10 phat.
MBOi ludi chira 660x660 gia tri; d6i voi mdi 6, gia tri dau vao 1a luong mua 1ay tir san pham
phan hoi v6 tuyén cua radar. C6 5 muc do phan giai gan nhu ddi ximg cho ca bd giai ma va
bd ma hoa, st dung cac dit liéu lwong mua & do phan giai ddu vao 1a (x, y), & mot ntra do
phan giai (x/2, y/2), tai (x/4, y/4), tai (x/8, y/8) va tai (x/16, y/16). Cubi cung, 1op dau ra cua
do phan giai (x, y) véi ham kich hoat cung cap lugng mua dy doan trong moi 6 ludi trong
t+10 phut. Sau khi du bdo udc lugng lugng mua tai thoi diém t+10, chung t6i str dung céc
gia tri t-30, t-20, t-10 va gié tri t lam dau vao dé du bao ude luong lugng mua cho thoi diém
t+20 qua trinh duoc 1ap lai dé du bao wdc luong lwong mua cho thoi diém tiép theo [13-14].

2.4.4. Quy trinh téi wu hoa

Nghién ctru d3 tdi wu hoa cac tham sb nay bang cach sir dung mot quy trinh ma ching
t6i hién thi mot 1an 1ap trong hinh bén dudi.

Pau tién, chung t6i doc mot mau dit liéu dau vao bao gdm céc lan quét radar tai thoi
diém t-30, t-20, t—10 phut va t (trong d6 t 13 thoi diém quan tric) va mot mau luong mua du
béo duoc tai thoi diém t+10. Budc thir hai, mé hinh Al dwa ra dy bao uéc luong luong mua
dira trén dit liéu dau vao. Budc thit ba, tinh toan mot ham mat mat (loss function) thé hién do
léch giira du bao va quan trac. Ching toi str dung ham logcosh nhu sau:

Y. ni=1In (cosh(now;—obsj)) .

Loss=

— cosh(x)— (e*+e™) 4)
now; va obs; dugc phat song va quan sat tai vi tri thir i, twong ung; cosh la ham cosin
hyperbolic; n 12 s6 6 trong lan quét radar. . .
Budc bdn, cap nhat cac tham sb mo hinh bang ham lan truyén nguoc Adam optimizer.
Minh hoa mét budce 1ap lai ctia quy trinh t6i wu hoa dugc thé hién trong Hinh 3 [13-14].
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Hinh 3. Minh hoa mét budc 1ap lai cia quy trinh t6i wu hoa.
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3. Két qua va thio luin

Sau khi nghién ctru va xay dung coéng cy, ching t6i da hoan thién va thir nghiém thanh
cong ciing nhu dwa vao sir dung cong cu udc lwong mua tir s6 liéu radar bang cong nghé AL
Cong cu hién thi anh Radar Nha Bé (Hinh 4) véi bén trén 14 thanh thoi gian gdm khoang thoi
gian thyuc té va cac khoang thoi gian du bao dé nguoi sir dung c6 thé Iya chon cac khoang
thoi gian. Bén dudi 1a thang do cuong do mua don vi 1a mm/10p, cuong dd mua ude lugng
duogc chia chi tiét theo thang mau dé nguoi dung dé dang sir dung.
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Hinh 7. Anh radar dy bao lic 14h40 ngay 11/8/2021.

Truong hop ngay 11/8/2021 (Hinh 4—Hinh 6) cho thiy 16 cong cu di dua ra dugc udc
luong mua va thong qua cac hinh anh du bao c6 thé thay rang ving phan hoi di chuyén kha
cham khi vi tri cac viing may ciing nhu lugng mua wéc lugng 12 it thay d6i. Lugng mua uée
luong ciing kha sat khi uéc luong & Ciit Chi—-TPHCM khoang 5 mm/10 phit va ving may doi
luu ton tai khoang 40 phut.

3.2. Két qua danh gia

Sau khi xay dung thanh cong cong cu ude lugng mua va dua vao str dung, nghién ctru
str dung két qua tai 3 diém do mua tr dong gdm Di An, tram Cat Lai, tram Tha Pirc va cac
ngay 15/7/2021, 19/7/2021, 19-20/8/2021, 18-19/9/2021 va 21/9/2021. Tién hanh danh gia
bfmg viéc tinh toan céac chi s6 ME, MAE, RMSE, Bias, Far, PC, két qua duoc phan tich trong
Hinh 8 va Hinh 9.
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Hinh 8 cho thay cac gia tri ME < 0, cho thiy rang udc lugng mwa déu nhé hon so véi
quan trac thyc té, nhung ciing nho hon khong nhiéu. Gia tri MAE dao dong tir 1,75-4,09, sai
s6 trung binh ciing khong qua 16n va ciing khong chénh 1éch nhiéu giira cac tram, 16n nhét
tai tram Thu Dc va nho nhat 14 tram Di An. Gia tri RMSE ctia ¢4 3 tram dao dong tur 5,71~
12,96, va chénh 1éch gitra MAE va RMSE cling khong nho (4-8,8) nén c6 thé thiy rang wdc
lwong muwa ¢ ca 3 tram déu c6 nhitng trudng hop c6 sai sd 16n.

Sai sb du bao
14

12 DiAn ®CatL&i  Thu Duc

10

o N A~ OO ©

5 I MAE RMSE

Hinh 8. Cac chi sé danh gia sai s trung binh.

Theo ddi Hinh 9 thiy rang gi tri Bias giita cac tram khong chénh 1¢ch nhau nhiéu va
déu dao dong quanh gia tri 1 (trr 0,92-1,07), (Bias t6i vu = 1), do vdy ma xac xudt udc luong
kha t6t, tram Di An va Tha Puc co Bias <1 nén udc luong mua so 1an it hon so véi thuc té,
tuy chénh 1énh 1a kha nho; con tram Di An ¢6 Bias > 1 nén s6 lan udc lugng mua nhiéu hon
thuc té nhung cling chénh I¢ch nhd. Gia tri Far tir 0,28-0,38 cho biét kha nang udc luong
mua cling khong c6 nhiéu dy bao khdng, khoang chua téi 28%—38% trén tong sb 1an du bao.
Chi s6 Pc cho biét do chinh xéac trong wdc luong c6 mua hay khong c6 mua, va PC lan luot
ctia cac tram Di An 0,79, Cét L4i 0,72, Tha Puc 1 0,77. Cac gia tri Pc ciing twong dbi tot va
cho thay kha ning udc lugng chinh xac mua hay khong mua tai 3 tram Di An, Cat Lai, Thu
Dirc 1an lugt 1a 79%, 72% va 77%.

Chi sé danh gia kha nang woc lugng muwa
1.2

DiAn ®mCéat L& = Thu buc

0.8

0.6

0.4

0.2

Bias Far Pc

Hinh 9. Cac chi sé danh gia du bao pha.
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4. Két ludn

Nghién ctru di xay dung duoc cong cu wéc lwong mua tir anh radar thoi tiét bang cong
nghé AL Céng cu cho thdy duoc sy hitu ich khi d3 du béo dugc lvong mua bang phuong
phap st dung cong nghé Al va cu thé 1a mo hinh RainNet dé tinh toan va udc lugng mua tir
anh radar Nha Bé véi dir liéu dung cc thang mua mua tir thang 5 dén thang 11 v6i khoang
thoi gian 10 phut. S liéu 2019, 2020 dung dé huén luyén mé hinh va sé liéu ndm 2021 st
dung dé kiém nghiém két qua; do phén giai mdi tép 1a 660x660. C6 thé thay rang, viéc udc
luong luong mua tur anh radar thoi tiét 1 rat y nghia d6i v6i du bao cuc ngin va gitip du bao
vién rat nhiéu trong viéc dua ra cac canh bao kip thoi va chinh xac hon. Bén canh viéc udc
luong duoc luong mua du bdo thi ngudi sir dung con co thé theo ddi duoc su dich chuyen
ctia nhitng khéi may théng qua luong mwa wéc luong va canh bao mua 16n. Do vay, cong cu
kha hiru ich cho viéc canh bao mua lon dé gitp cung cip sb liéu va thong tin cho phuc vu
chbéng ngap. Qua danh gia thiy rang kha ning udc luong mua cua cong cu la tuong dbi tét,
tuy nhién thuong wéc luong nho hon so véi thyc té va do 16m sai sé s& tang dan theo budc
thoi gian udc lugng mua.

Tuy nhién cong cu van ¢6 han ché nhat dinh d6 1a méi du bao duoc lugng mua trong
thoi gian ngin. M6 hinh huan luyén AI doi héi mot lugng 16n dir liéu dé hoc va thoi gian dé
huén dé thu bo trong s6 kha lau. Nghién ctru s€ tiép tuc phat trién va mo rong dé hoan thién
hon.

Déng gop tac gia: Xay dung y tueong nghién ctru: .H.H., L.N.Q.; Thu thap s6 liéu va xay
dung cong cu: B.H.H., N.C.T.; Panh gia két qua: B.H.H., V.D.H.; Viét ban thao bai bao:
b.H.H., V.D.H.; Chinh stra bai bao: B.H.H.

Loi cam on: Céc tac gia xin gui loi cam on téi Dai Khi tugng Thiy vdn khu vec Nam Bo da
tao diéu kién dé thuc hién bai béao nay. Nghién ciu ciing 1a mot phan két qua thudc dé tai
“Nghién ctu, xay dung va trién khai thir nghiém hé théng canh béo sém ngap lut do thi dua
trén nén tang tri tué nhan tao tai thanh phd H4 Chi Minh”.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctu cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctru trudce day;
khdng co su tranh chap lgi ich trong nhom téc gia.
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Building Rainfall Estimation Tool From Radar Reflectivity
Using Artificial Intelligence Technique

Do Hong Hoat!", Le Ngoc Quyen?, Vu Dieu Hong!, Nguyen Cong Thanh?

! Southern Regional Hydrometeorological Center; dh.hoat@gmail.com;
guyentccbh@gmail.com; vudieuhongl5@gmail.com; jackynguyen.kttv@gmail.com

Abstract: Radar data is very effective in nowcasting and warning of heavy rain and floods
for major cities and river basins. Effective and appropriate use of radar data is very
important. Therefore, this study builds a rain estimator using Artificial Intelligence (Al)
Technology in using radar data to forecast extremely short-term rainfall. Convolutional
Neural Networks (CNN) model with Rainet basis is used to calculate and estimate rain from
Nha Be radar images, with data of rainy season months from May to November 2019 and
2020 used to train the model. The study applied the 2021 data to test the results. Evaluation
of the cases shows that the tool’s ability to estimate precipitation is relatively good in terms
of the probability of rain occurrence; rainfall is mostly smaller than reality, however, the
bias is not too large.

Keywords: Rainfall Estimation; Convolutional Neural Networks (CNN).
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Ban bién tdp nhan bai: 15/1/2023; Ngay phan bién xong: 24/2/2023; Ngay dang bai:
25/3/2023

Tom tat: Hién nay ¢ khé nhiéu cac cong cu du bao trong linh vuc khi tugng thuy van co
thé ap dung cho mO phong va dy bao ngép lut do thi. Tuy nhién hau hét cac phan mém nay
thuong 1a phan mém thwong mai, don 1é chua c6 su dong bd. Mat khac cong tac du béo,
canh béo mua 16n, ngap lut caa Thanh phé H6 Chi Minh (TPHCM) chua c6 su lién két
thanh hé thdng nén thoi gian dua ban tin canh bao mua 1én, ngap lut c6 do ché, chua da do
tin cay va tuong tac véi nguoi dan cham. Trong khi d6, viéc (tng dung Al trong du bao ngap
lut ciing dang duoc nghién ciru va dua vao thyc hién tai nhiéu thanh phé 16n trén thé gisi.
Bai bao gidi thiéu viéc xay dung hé théng canh bao sém ngap lut trén dia ban thanh phd HO
Chi Minh trén co s& tng dung cdng nghé thdng tin trén nén tang GIS (hé thdng thdng tin
dia ly) va tng dung nén tang tri tué nhan tao (Al) nham dam bao cong tac dy béo, canh bao
ngap lut kip thoi, chinh xéc, theo hudng du bao ngan han dé chi dong phong tranh, tng pho
vé6i ngap lut, chia sé thong tin trén kho dir liéu dung chung cia Thanh phd, cho phép chinh
quyén va ngudi dan truy cap mot cach thuan lgi théng tin canh bao ngap theo thai gian thuc
tai TP.HCM. Heé thdng canh béo sém ngap lut da duoc thir nghiém trong 3 thang 9,10 va 11
ctia ndm 2021 trén dia ban Thanh phd Tha Bic, véi két qua khé tdt (hé sé R?> 0,8).

Tir khoa: Nén tang tri tué nhan tao (AI); Hé théng canh bao som, ngap lut; TP.HCM; MIKE
URBAN, MIKE FLOOD.

1. Pit van dé

Ngép lut do thi dang tro thanh mot van nan 16n vé moi truong tai hau hét cac d6 thi 16n
trén thé gisi [1-9]. Ngay tai nhiéu d6 thi 16n tai cac nudc tién tién déu bi ngdp duong khi gap
cac tran mua 16n. Trong diéu kién bién d6i khi hau, nhitng dién bién thoi tiét ngay mot phuc
tap va khong con tuan theo cac quy luat, tinh hinh ngap lut cling gia tang ca v€ pham vi va
tan Suat.

Hién nay, trén thé gidi co rat nhidu nudc da va dang dau tu xay dung cho minh hé théng
du bao hay canh bao s6m thong minh hay duya trén nén tang tri tu¢ nhén tao [10-13]. Cécnha
khoa hoc Nhat Ban da phat trién mot hé thong moi, c6 thé udce luong tinh trang ngap lut khi
mua dang trat xudng tai khu vuc d6 thi ¢ tha d6 Tokyo [10], hé thong nay co6 thé phan tich
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murc do thiét hai do tinh trang ngép lut tir cac trdn mua 16n va bdo gy ra, muac do du bao
ngap lut duoc nhan dién bang mau sic trén ban d6. Uy ban Ngudn nudc trung wong An Do
(CWC) da hop tac voi Google, su dung Al nham dua ra du b4o sém, chinh xéc, hiéu qua cac
tran 1d lut c6 thé xay ra [11], hé thdng nay di canh bao 1ii lut hiéu qua, dua ra cac canh béo
lii lut theo khu vuc di dinh, va gitp ngudi dan sém cé bién phap ddi pho.

Tai Thanh phd Hb Chi Minh, da c6 kha nhiéu cac nghién ctru v€ ngdp lut d6 thi duoc
trién khai thuc hién do ca vé nhu ciu thuc tién 13n 4 ap dung cac tién bo khoa hoc vao phuc vu
cong tac quan ly, canh bdo va dy bao [14-21]. Bude dau cac nghién ctru da dua ra by cong
cu md hinh toan manh mé phong cac diéu kién thity van, hé thong tiéu thoat nudce cua thanh
phé. Két qua thu duoc tir cac nghién ctru da dap Gmg budc dau cac yéu cau vé cong tac quan
Iy va phong chong giam nhe ngdp lut. Tuy nhién, chua c6 mot nghién ctru nao vé du bao,
canh bao ngap lut do thi dya trén nén tang tri tu¢ nhan tao dugc trlen khai thyc hién tai Thanh
pho Ho6 Chi Minh. B¢ giai quyét ton dong nay, nghién ctru da tién hanh xdy dung mot hé
thong canh bao som ngép lut d6 thi dya trén nén tang tri tu¢ nhan tao. Nghién ctru da ng
dung nén tang tri tué nhan tao dé: xay dung hé thong du bao mua han ngan (0-3 gio) trén co
so dir liéu anh ra da cta tram Nha Bé (s6 liéu mua mwa 3 nim 2019-2021, cach nhau 10
phat); xdy dung hé théng du bao ngéap lut do thi trén co so dir liéu ban do ngap lut, 1a két qua
mo phong ngap lut trong qua khtr (102 tran ngép) va cac kich ban ngap lut ¢6 thé xay ra (1188
tran ngdp) tur bd mo hinh MIKE.

2. Phuong phap nghién ciru

2.1. Khu vuc nghién ciru

Nghién ciru dugc trién khai tmg dung va thir nghiém trén dia ban thanh phé Tha Duc
(Hinh 1).

Tinh
A TN Binh Dwong
s el
3 - 3

Tinh
Bong Nai

= ey : 1
Chi thich o ) ) - I§]
(] BAN BO HANH CHINH KHU VUC A

) THANH PHO THU BU'C L

Dan cur

Giao théng
[ Thiyhe He toa d6: WN-2000

Hinh 1. Ban db hanh chinh khu vyc Tp. Tha Bic.
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2.2. Phuong phap nghién ciru

2.2.1. Phuong phap xay dung hé théng du bao mua d6 phan giai cao (3x3km), thoi doan
ngan (ttr 30 phat dén 3h, 6h, 12h va toi da 24h) va du bdo myc nudc

- Phuong phap phén tich syndp: dua trén viéc xac dinh cac hinh thé thoi tiét va hoan luu
khi quyén gdy mua va mua I6n nhu bo, ap thip nhiét doi, ranh ap thap, dai hoi tu nhiét di,
gi6 mua dong béc, gi6 mua tdy nam dé du bao dinh tinh sy xuat hién mua ciing nhu mua 16n.
V6i mbi hinh thé syndp s& cho ta biét kha nang xuat hién mua, mwa 16n hay khong mura trén
khu vuec.

- Phuong phép théng ké du bao mua: duoc timg dung trong linh vuc du béo thoi tiét,
trong do gia tri mua du bao duoc xay dung nhu la yéu t6 du béo va cac nhan td du bao duoc
lira chon thong qua cac dénh gia twong quan thong ké cho ting khu vuc va thoi diém cu thé.
Han ché chinh cta phuong phap nay 1a kha ning dinh luong hoa va chi tiét hoa du bao mua
theo ca quy mo khong gian va thoi gian.

- Phuong phap mé hinh s tri: ing dung cac san pham du bao tir mo hinh s6 tri dé du
béo lugng mua han ngin da dugc st dung trong nghién ciru nay. Phuong phap s tri hoic
phuong phap dong luc str dung phuong phap s giai xap xi cac phuong trinh toan, ly moé
phong céc qué trinh chuyén dong trong khi quyen

- Xy dung cong cu phan tich cac san pham radar: Cac san pham radar cho ta biét trang
thai thoi tiét thuc té dang dién ra trén khu vyc. Cac dir lidu nay 14 rat quan trong cho qua trinh
hoc may bdi n6 mo ta g?m nhét trang thai thoi tiét hién tai. Do do, ta tién hanh phan tich cac
san pham quan tric tir radar thoi tiét nhu san pham hién thi phan hoi dinh vi ngang (PPI), san
pham phan hoi theo do cao khong doi (CAPPI), san pham dinh phan hdi vo tuyén (ETOPS),
san pham phan héi cuc dai theo cot (CMAX), d cao cua phan hdi vo tuyén cuc dai (HMAX),
mdi gi4 tri ndy s& cho ta biét dugc trang thai khi quyén tir tang thap Ién cac tan cao, _cuong
do may, do cao chan may, d6 cao dinh may ciing nhu may dang phat trién hay suy yéu di..
Cac dir liéu cua radar s& dugc hi¢u chinh, luu trir 1am s6 liéu dau vao cho qua trinh hoc may
dé dy bao luong mua 3h tiép theo.

- Dy bao luong mua trong thoi doan cyuc ngin tir Oh—3h bang tri tué nhan tao (AI): trén
co s& dir liéu anh ra da cta tram Nha Bé (s6 liéu mua mua 3 nam 2019-2021, cach nhau 10
phut); két hop vai s6 liéu thuc do lugng mua cuia cic tram do trén mat dat (Trén toan TPHCM
c6 11 tram do, vung nghién ctru thtr nghiém Thu Pric, c6 3 tram 1a: Cat Lai, Thu bac va Di
An) trong ciing thoi diém dé tién hanh hoc may (huén luyén). Sau qué trinh huén luyén, véi
moi dit liéu radar hién tai s& c6 mot kich ban mua tuong tng trong 0-3h t6i. Qua trinh hoc
may lién tuc v6i thoi gian du dai sé cho ta két qua dy bio mua ngay cang chinh xac. Pay s&
1a dir liéu quan trong lam dau vao cho mo hinh thity lyc. Phuong phép dao tao st dung phuong
phap may vecto hd tro, trong d6 cu thé dung 2 thuét toan la SVC (Vector hd trg phan loai)
ding dé phén vung dao tao Al nhan biét ving c6 mua hay khong mua va thuat toan SVR
(vecto hd tro hdi quy) dung dé tinh toan du bao gia tri lwong mua tai cac vi tri theo ludi diém
tinh toan. Két qua cho thay Al dugc dao tao bang phuong phap SVM ¢6 d9 chinh xac hon so
v6i cach du bao truyén thong va thoi gian tinh toan s& giam di rat nhiéu so voi thoi gian mo
phong trén cung 1 may tinh

- Phuong phap t6 hop: Do c¢6 do chinh xac cao nén phuong phap du bao mua cuc ngin
bang Al s& duoc uu tién trong dy bao lwong mua trong khoang thoi gian 3h dau tién. Trong
khi d6, san pham mé hinh s trj s& duoc ing dung trong canh bao véi thoi gian du bao tir 3—
24h. Do vay su hop nhat hai phuong phép trén vdi ti 18 phu hop s& nhan duge két qua kha
quan trong cac gio du béo.

Al Lugng
muwa 3h
(machine
learning)

Hinh 2. So db khdi du bao mua 3h lam dau vao cho mé hinh thiy luc.
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S6 ligu tham
khong

Luong
M6 hinh WRF mua 24h
dbng hoéa
$4 ligu quan
trac bé mat

Hinh 3. So db khéi dyu bao mua 24h 1am dau vao cho mé hinh thay luc.

2.2.3. Phuong phap xdy dyng mo hinh s thuy luc dé md phong ngap khu vuc nghién ci,
tao b6 so liéu dao tao

a) Xay dung mo hinh mua rao dong chay d6 thi UHM

- Tién hanh xay dung mé hinh mua d6 thi, dong chay véi cac diéu kién bién, budc dau
tién 1a thiét 1ap vi tri tram do mua vao trong mé hinh MIKE MOUSE bang phuong phap
UHM v6i 3 tram do mua la Di An 1, Thu Dic va Cat Lai.

- Tién hanh phan chia céc tiéu luu vuc thoat nudc cua khu vue TPTD theo gidi han duong
phan thity va cac hé ga thoat nude. Tong sb luong cac tiéu luu vuc st dung trong mé hinh 1a
1490.

- Sau khi thiét 1ap md hinh MIKE-UHM Nhém nghién ctu da tién hanh mé phong lai
mot s6 tran mua trén ving nghién ctru. Nhung do khong c6 s6 liéu vé dong chay tran trén bé
mét luu vic nén viéc kiém dinh md hinh nay s& duoc thuc hién théng qua su két ndi gitta mo
hinh MIKE-UHM véi mé hinh MIKE-URBAN.

b) Thiét 1ap mo hinh dong chay trong hé thong thoat nudc d6 thi UHM

- Sau khi d3 s6 hoa hién trang hé thong, dam bao dir liéu khdng phat sinh 13i va ding hé
toa do quy chiéu thyc té. Két hop cac tiéu luu vuc di chia vao cac nit thu nude ciing nhu cac
nit thoat nudc ra séng va cac duong cong dan nudc. Thiét 1ap mo hinh dong chay trong hé
thong thoat nudc d6 thi UHM véi ving nghién ctru nhu Hinh 4.

Hinh 4. Két hop hé théng thoat nuc trong MIKE URBAN.
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- Hiéu chinh m6 hinh: Cac thong sb thuong dung dé hiéu chinh 1a: d6 rong cua ham ga,
duong kinh cong, cling nhu 1a kich thudc cong (chiéu dai va tiét dién cong), hé s6 nham
Manning, h¢ s6 ton that, hé so khong tham nudc cua ti€u luu vuc thu nudce. Qua tran mua
ngay 26/9/2016 mé hinh duogc hiéu chinh cac thong so sau dé co két qua phu hop vai thuc te.

Bing 1. Bang so sanh két qua tinh toan vdi cac tuyén dudng ngap khu vuc Thanh phd Thii Puc tran

mua ngay 26/09/2016.
" \ Pham vi ngip Do siu ngap D6 sdu ngap
STT ~ Téndudng T b&— thycdo(m) tinhtoan (m)
1 Duong Vin Cam SN33 Hém 57 0,20 0,20-0,25
2 Thao Pién SN19 SN29 0,20 0,18-0,22
3 Xa Lo Ha Noi Chan cau Rach Chiéc SN408 0,25 0,20-0,30

Ghi chii: SN la sé nha

- Két qua kiém dinh mo hinh: M6 hinh dugc kiém dinh cac thong s6 thong qua mo phong
tran ngdp ngdy 26/9/2016, lac 15 gio dén 18 gio (180 phut), day 1a tran mua rat 16n dién ra
trén dién rong thanh ph Thu Pic véi vii lwong mua trong khu vuc nghién ctru dat tir 132
mm (tram Phudc Long A). két qua cho thay, mo hinh duoc kiém dinh cac thong sb dé co két
qua phu hop voi thuc té

Bang 2. So sanh két qua tinh toan véi cac tuyén dudng ngap khu vuc Thanh phé Tha B trin mua
ngay 15/09/2015.

STT Tén dudng Do sdu ngap thuc  D§ sdu ngap tinh

do (m) toadn (m)
1 Kha Van Can (gan chg Thi Buc) 0,20 0,22
2 Quédc Huong (trudc cong Pai hoc Vin Hoa) 0,17 0,20

¢) Thiét 1ap m6 hinh thaty luc 1D pham vi luu vuc song Sai Gon—Pong Nai

1280000 7

‘12?UUUU§
1250000;
1250000;
‘1240000%
‘1230000%
‘1220000%
12‘10000;
1200000;

1120000

1180000
1170000

1160000

1150000 T . T . . .
600000 620000 640000 660000 680000 700000 720000

Hinh 5. Mang luéi séng phuc vu tinh toan trong mé hinh MIKE 11.

- Mang luéi song: dugce thé hién nhu Hinh 5, ving ha luu s6ng Pong Nai-Sai Gon i
- Mat cat song: khoang 1996 mat cat trén toan hé thong song trong ha luu séng Pong
Nai—Sai Gon.



Tap chi Khi twong Thaty van 2023, 747, 81-97; doi:10.36335/VNJHM.2023(747).81-97 86

- Dit liéu bién thuong ngudn: gdm c6 2 bién: luu lugng xa (m%/s) tai hd Dau Tiéng, ho
Tri An (s6 liéu trung binh ngay).

- Dir lidu bién ha ngudn: gdm c6 bién myc nudc: tram Viing Tau va tram Pha An (ding
dé kiém dinh m6 hinh khu vuc TPTD) ca 2 déu 1a s6 lidéu muc nude gio.

Kiém nghiém mé hinh thiy luc 1D véi s6 liéu do dac thuy vin bo sung nim 2021: Nghién
ctru da tién hanh kiém dinh mo hinh tir s6 liéu myc nudc va luu luong thuc do tai 16 tram
thity vin ma nghién ctru da do dac bd sung. Két qua kiém dinh cho két qua kha tbt véi hé sb
R? = 0,94 (Hinh 6).

y =0.9834x +0.1803

25
R*=0.9423
2 ° -
2 F ]
® : : 2 8
: gh i
15 - o=
] c e [}
I N
1 : 3 L : ® - L
& -
s : e LI
3 o5 &% N .
F 0 - 8
iv E ] g °
: % —e '
-1.5 t -1 ® 05 ot 0 ° 0.5 1 1.5 2
e & Y
'i 0.5
‘ ) -
4 4
-1.5

Hinh 6. So sanh myuc nudc moé phong véi thue do thai doan kiém nghiém tai cac tram TV trén song
Sai Gon (a); tai cac tram TV trén song Pong Nai (b); So sanh hé s6 twong quan (c) (R2 = 0,94).

d) Thiét 1ap mo hinh Mike Flood

Mo hinh MIKE FLOOD 1a mé hinh ghép nbi trong cac mé hinh thiy lyc mang séng
MIKE 11 va mé hinh tiéu thoat nudc d6 thi MOUSE; mé hinh hai chiéu MIKE 21 HD dé mé
phong ngéap (Hinh 7).

28 MIKE Zeso - [mf_dubao_dtp.couple] - o X
@ Fie Edt View Linkparameters Run Window Help
D@ B eN| -
MIKE Rood TX ¢
o Lnkage Fles 'l
¥ Lk Defirtons River Chainage | M21 Area | No of M21) &
Standard/Snucture Link type | hvevmmel Urban 10 l_'_l No. Cells | 3
Lateral Uk Opti feom 1o 2
¥oan Lk Ogtio e P éf‘ + ! m
Ruver/ben Lk O | 15 s A
Sde Structure Lnk B 2
" ) 1
Coordnates Celindces =
12800
Lk No: 419 X 4%
1260000
1240000
12200
12000
150000
1160000
< > 00000 50000 To0000
o)
novoutn [ ]
alculation 5.00 3.00
s g 14 3
2020-08-13 20:00:00 Time step: 10800 16418 40 seconds
[ <] 2] ]\ vaidaton ) Simulation £ MIE 11 Execution Log

eady Mode NUM

Hinh 7. Giao dién lién két mé hinh Mike Flood khu vyc Thanh phb Thu Buc.

B6 m6 hinh dugc hi€u chinh va kiém dinh thong qua 10 tran ngdp thyc té tir cac t(X)qh(_)”p
mua-triéu khac nhau trén dia ban TP. Thu Buc va cho két qua kha t6t. Trong khuon kho bai
bao nay, chi minh hoa két qua kiém dinh tran mua 6/8/2020 (Hinh 8).
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Hinh 8. Tuong quan gitra dién tich tir s6 liéu khao sat va sb liéu md hinh tran ngap ngay 6/8/2020.

Str dung bo md hinh MIKE sau khi da higu chinh va kiém dinh, nghién ctru d tién hanh
mo phong ngép lut trong qua khir (102 trén ngp) va cac kich ban ngép lut 6 thé xay ra (1188
tran ngdp), nham tao bd co so dir li¢u (Bigdata) phuc vu cho may hoc sau nay.

2.4. Phirong phdp phét trién cong cu duw b4o ngdp dwa trén nén tang tri tué nhan tgo (Al)

Nghién ctru str dung hudng tiép can vira st dung s6 liéu théng ké, vira st dung bd mo
hinh s6 d& mé phong cac kich ban ngap lut c6 thé xay ra, tir d6 14y két qua 1a bo s lidu dé
dao tao Al ¢6 thé du bao ngap theo dang ban d6 voi yéu cau nhanh, va ¢6 d6 chinh xac tang
dan theo thoi gian, tirc 1a Al ¢6 thé tu hoc theo cac sd liéu quan tric trong tuong lai. Trong
nghién ctru nay s€ s dung hai bién mua va myc nude de xdy dung va dao tao nén tang tri
tué nhan tao cho hé thong canh béo sém ngap lut. So d6 tong thé xay dung phuong phap dy
bao ngap lut tir Al dugc thé hién trong hinh 9.

Béo tao lai 86 liéu camera ]

S6 liéu dw bao mua, Al phan ving ngép sb Ban db phan ving
murc nuo'c liéu qua kh ngap qua kht

Al phan viing ngap s

ligu mé phéng

Ban d6 phan ving ngap két hop
ngap mo phéng va qua khir

Ban d6 phan ving
ngap mo phéng .
Al do sau ngap so liéu

mo phéng - -
T
'im! J o4
Dao tao lai ) £ ol
0 ‘Y’"‘V . -
Sé liéu tram do Ban dé ngap 2D cuéi cling ‘?’ . S

Hinh 9. So db téng thé xay dung ban db ngap tir s6 liéu du bao mua, muc nuéc sir dung Al.

- Xay dung Al du bao diém ngap tir s liéu qua khir dugc thé hién trén hinh 10.
+ Thu thap so liéu cac diém ngap tir 2009 den 2020 va Cac tran mua binh quan 3h tai cac
tram do mua va myc nudc tuong tng vaéi thoi diém ngap;
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+ Chia s6 liéu thanh 2 b6 s6 liéu (1 bo dé huan luyén, 1 bo dé kiém thu);

+ Huan luyén Al sit dung mé hinh huan luyén héi quy SVR véi dau vao 13 mua, muc
nude, dau ra 1a d6 su ngap tai cac dlem ngap;

+ Kiém tra so sanh Al voi bo s6 liéu kiém tha.

' ™\
Diém ngap (D) c6 s6 liéu

thong ké tr 2009 dén 2020 Mo hinh hi quy SVR
: i S6 liéu huan luyén Dau vao (R. H)

Lwrong mua (R) va muc nwde baura (D)

triéu (H) twong tmg
A S
v
o ] So sanh ( L 1 Huén luyén
S6 liéu kiém thu J: =L Al du béo diém ngap J=-'

Hinh 10. So d4 huan luyén Al du bao diém ngap tir s liéu thdng ké tir 2009 dén 2020.

- Pao tao Al dy bao dién ngap tir ban db ngap lut 2D (md phong lai cac tran ngap trong
quéa khtr — 102 tran ngap, tir 2009 dén 2020) (Hinh 11).

+ Str dung sb liéu ngap lut trong qué kha, tién hanh md phong thuy luc 2D sir dung mo
hinh MIKE FLOOD di duoc xay dung, hiéu chinh va kiém dinh.

+ Str dung thuat toan phan loai SVC (Support Vector Classification) dé phan loai ving
ngap > 0,1 m va khéng ngap.

+ Dbi Voi vung ngap, tinh twong quan E (su dung chi s6 tuong quan NASH) cua ludi
diém ngap véi két qua du bao ngap sir dung Al du bao diém.

+ Huan luyén Al sir dung md hinh huan luyén héi quy SVR véi dau vao 1a mua, myc
nudéc, toa do, o sau ngap tir két qua md hinh, chi sé twong quan dau ra 1a d6 su ngap tai cac
diém ngap

+ Kiém tra so sanh Al v&i b s6 liéu kiém th.

J
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_
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- = . - Lo
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Izc 2D d6 sdu>0.1lm (X Y.dpp)
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ngap 16n nhat quan 16n nhat véi Al du bao
| tai diém quan tric (dgo)

Thudt toan phan
viing SVC M5 hinh hdi quy SVR
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Ving khong
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Al du bio ban d6 ngap

Hinh 11. So db phét trién Al du bao ngap lut.
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- Pao tao Al dy bao vung ngp 2D sir dung s6 liéu mé phong (méd phong cac kich ban
c6 thé xay ra) (Hinh 12).

+ M6 phong cac kich ban c6 thé xay ra (1188 ban db ngap lut c6 thé xay ra) sir dung mo
hinh m6 phong MIKE FLOOD da dugc xay dung va hiéu chinh.

+ Trich xuét sb liéu tai cac vi tri tram do ngap truc tuyén trong ving nghién ctu (3 tram
do) va tai C&c vi tri c6 camera wdc lugng ngap, sau dé dao tao Al cho cac diém nay.

+ Str dung thuat toan phan loai SVC (Support Vector Classification) dé phan loai ving
ngap > 0,1 m va khdng ngap.

+ Dbi vé6i ving ngap, tinh twong quan E (sir dung chi s twong quan NASH) cua luéi
diém ngap véi két qua du béo ngap sir dung Al da duoc dao tao cho cac diém tai cac vi tri
tram do ngap truc tuyén trong viing nghién ciu.

+ Huan luyén Al sir dung mé hinh huan luyén héi quy SVR véi dau vao 1a mua, muc
nudc, toa do, o sau ngap tir két qua md hinh, chi sé twong quan dau ra 13 d6 su ngap tai cac
diém ngap cho 70% s liéu tir két qua mé phong (1188 kich ban).

+ Kiém tra so sanh Al véi bo s6 liéu kiém thu.

Mb hinh s6
thuy lyc 2D
Pido tao Al
Du ba 4 Dy béo dya vao két qua -
it bio l'-nu;,‘y' A ar Két qua dy bao
:11::; n;uuc thai ngdp thoi diem t
A
Pao tao Ial Al tir SEI.) lléu do Sﬁ liéu mua, ngﬁp
thyc té tai thoi diém t
Duy béo dya vao két qua
Du ba dao tao tir md hinh so va
a0 mua, £ s s au o grd 1 . p
m']';c nwde thi o ar keét qua dio tao thoi diém t N KcAt qui ‘ji"I an
didm t+1 ngdp thoi diém t+1
r'Y

Bio tao lai Al tir s6 liéu do 4 ligu mua, ngp thyc

té tai thoi diém t+1

Hinh 12. So dd dao tao lai Al theo thoi gian sir dung s liéu md phong cac kich ban.

- C4c budc tién hanh Pao tao Al du bao dién ngap ban do 2D (két hop s6 liéu mo phong
va Al sb liéu qua khir)

a. Poc Al du bao ngap so liéu quéa khu tir CSDL va du bao ban do phan ving ngap

Céc Al riéng biét dugc doc tir CSDL Posgressql cho hon 7000 diém ngap trén ludi tinh
toan 10m duoc doc vao bd nhé st dung module pickle trong python, sau 6 tién hanh du bao
cho timg diém va cudi cung tao ra ban d6 ngap.

b. Poc Al du bao ngap s6 liéu md hinh MIKE tir CSDL va du bao ban do ngap

Céc Al riéng biét dugc doc tir CSDL Posgressql cho hon 75000 diém ngap trén ludi tinh
toan 10m duoc doc vao bo nhd sir dung module pickle trong python, va tao ra ban d6 ngap.

¢. St dung thuat toan “flood—fill” dé chap ving ngap

Dé chéap 2 ban dd ngp dugc tao ra tir 02 Al, dé tai sir dung thuat toan “flood—fill” dé
chap 2 ban do.

Flood fill 13 mdt thuét toan nham xac dinh cac thanh phén két ndi v6i nhau trong dd thi
hodc trong mot khu vuc bat ki. Béng viéc t6 mau nhiing thanh phén lién thong, cting nhu c6
su két ndi v6i nhau, flood fill t& mau cac phﬁn tir thudc cung mot thanh phﬁn mot mau duy
nhét gitip phan biét v&i cac phan khac. Theo d6 trong dé tai nay flood—fill dwoc sir dung nhur
Sau:
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Ung v6i mdi vi tri ngap da duoc xac dinh tir AT qua khir tham chiéu sang ban d6 ngép
Al s0 liéu mo6 phong. Str dung “flood—fill” trén ban d6 ngap mo phong dé tim mién lién thong.

3. Két qua va thao luan

3.1. két qud du bdo mua han ngan (0-3h) ther nghiém tir thang 9 dén thang 11 niam 2021

Sau khi nghién ctru va xay dung cong cu, nhém tac gid da hoan thién va thir nghiém
thanh cong ciling nhu dua vao st dung coéng cu wdc lwong mua tir sé liéu radar bang cong
ngh¢ AL Thoi gian thtr nghiém trong 3 thang lién tuc cua ndm 2021, do6 1a thang 9,10 va
thang 11. Khu vuc thir nghiém 1a thanh phé Thu Dic. Trong dé, nghién ctru st dung lugng
mua dy bao va lugng mua quan tric tai cac tram do mua tu dong Thu Puc, D1 An va Cat Lai.

a) Panh gia sai sd

Bang 1. Cac chi s6 danh gia tong hop sai sb.

Chi s6 ME MAE RMSE

Di An ~1,39 1,75 5,71

Cét LAi 3,84 4,09 12,96

Thu Puc 2,36 2,59 7,98
15 Sai sO du bao

DiAn ®mCatLai = Thuabuc

10

O .
. MAE RMSE

Hinh 13. Céc chi sb danh gia sai sb tong hop.

~ Tong hop céc truong hop tién hanh tinh cac chi s6 danh gia, theo ddi biéu d6 trén nhan
thay:
Céc gié tri ME < 0, cho thay rang udc lugng mua déu nho hon so véi quan tric thyc té.
Gia tri MAE dao dong tir 1,75-4,09, sai s6 trung binh ciing khong qua 16n va ciing khong
chénh Iéch nhiéu gitra cac tram, 16n nhét tai tram Tha Dwc va nhé nhit |1 tram DI An. Gi4 tri
RMSE cua ca 3 tram dao dong tur 5,71-12,96, va chénh léch gitra MAE va RMSE ciing khong
nho (4-8,8) nén c6 thé thay rang wdc lugng mwa & ca 3 tram déu 6 nhiing truong hop 6 sai
s6 1on (Hinh 13).

b) Banh gia kha nang udc lugng mua

Bang 2. Cac chi s6 danh gia tong hop kha ning wdc lugng mua.

Gia tri H F M CN Chi sb Bias Far Pc
Di An 531 282 213 1297 Di An 0,92 0,28 0,79
Cat Lai 559 297 378 1089 Cat Lai 1,07 0,38 0,72

Thu Dirc 504 295 248 1276 Thi Durc 0,94 0,33 0,77
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19 Chi sb d4nh gia kha nang udc lugng mura

Di An ®Cat L&i ~ Thu Burc
1

0.8

0.6

0.4

0.2

Bias Far Pc

Hinh 14. Céc chi s6 tong hop kha niang uéc lugng mura.

Theo di biéu d6 thay rang gia tri Bias gitra cac tram khdng chénh léch nhau nhiéu va
déu dao dong quanh gia tri 1 (tir 0,92—1,07), (Bias tdi wu = 1), do vay ma xac suat uéc luong
kha tét, tram Di An va Thu Pic c6 Bias <1 nén uédc lugng mua sb lan it hon so véi thuc té,
tuy chénh lénh 1a kha nho; con tram Di An c6 Bias > 1 nén s6 lan wéc lwong mua nhiéu hon
thuc té nhung cling chénh 1éch nho. Gia tri Far tir 0,28-0,38 cho biét kha niang wdc luong
mua ciing khong c6 nhiéu du bao khéng, khoang chua téi 28%—-38% trén tong s lan du bao.
Chi sb Pc cho biét do chinh xé4c trong udc luong c6 mua hay khong c6 mua, va PC lan luot
ctia cac tram Di An 0,79, Cét L4i 0,72, Thu Buc 14 0,77. Céc gia tri Pc ciing twong dbi tt va
cho thay kha ning wéc luong chinh xac mua hay khong mua tai 3 tram Di An, Cat Lai, Tha
Puc lan luot 12 79%, 72% va 77% (Hinh 14).

3.2. Két qua dir bao ngdp duwa trén nén tang tri tué nhan tgo (Al)
3.2.1. Xay dung AI du bao diém ngap tir s6 liéu qua khu

a) Phan tich va chuan bi s liéu ngap qua kht lam dau vao mé hinh may hoc (machine
learning — ML)

S liéu thong ké theo ting trdn mua ngdy 16n nhat tuong Gmg voi muc nude tridu ngay
16n nhét duge thu thap duoc tir 2009 dén 2020. S liéu nay sau d6 dugc sd hoa 1én ban do
dang shape file sau d6 chuyén thanh dang anh tif voi d6 phan giai 10m (X: 2016 diém Y:
1745 diém) trong d6 c¢6 hon 7000 diém ngap, con lai 14 cac diém khong ngap trén ludi tong
cong hon 3 triéu diém.

Cac ban do va sb liéu do siu ngap duoc doc vao mang numpy 3 chiéu trong python bao
gém: Mang 3 chiéu X bao gém: Mua, Muc nudc, toa do XY trén ludi; Mang 2 Chiéu Y: 1a
d6 sau ngap twong trng v4i mua, muc nude va toa dd duoc gan lai nhan (Hinh 15).

b) Cac budc dao tao mod hinh may hoc

Sau khi dd chuén bj sb liéu cac bude tién hanh dao tao mo hinh st dung ngdn ngir 1ap
trinh python va thu vién Scikit-learn cho céac thudt toan dao tao ML nhu sau:

1. Chuan hoéa s liéu dau vao st dung ham:

z=(Xi—u)ls

Trong d6 u 13 gia tri trung binh; x 1a gia tri thi xi; s 1 d6 1éch chuan cua s6 lidu.

2. Chia b s6 liéu ngau nhién thanh 2 bd 1a bo dao tao va 01 kiém tht véi ti 18 80% dao
tao va 20% kiém thir.

3. Chay cac thuat toan dao tao.

Trong nghién ctru tién hanh chay céc thuat toan dao tao phan loai cho 7000 diém ngap
trén ludi 2D va chay kiém tra v6i 9 thuat toan nham luc chon ra thuét toan dao tao ti wu nhat
bao gdm: “Nearest Neighbors”, “SVM”, “Gaussian Process”, “Decision Tree”, “Random
Forest”, “Neural Network”, “AdaBoost”, “Naive Bayes”, “LDA”.
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Hinh 15. Cac doan dudng ngap duoc sé hoa thanh diém ludi ngap anh geotif.

¢) Két qua dao tao Al

Két qua tong hop cta cac thuat toan dio tao duogc thé hién trong bang dudi. Két qua cho
thdy cac chi sb dao tao cua cac hau hét cac thuat toan mé hinh 1a kha tbt trong d6 mo hinh
RF 14 cho két qua t6t nhat voi do chinh xac ciia dy béo 1én dén 0,91. Do vay dé xuat sir dung
thuat toan RF 1am thuét toan chinh dé xay dung Al du bao diém ngap tur s6 liéu qué khu.

Biang 3. Bang thdng ké két qua dao tao ML ciia cac thuat toan.

P chinh xac

Thuat toan Precision Recall fl-score
: (accuracy )
AB 0,74 0,620 0,67 0,82
DT 0,82 0,727 0,76 0,85
GP 0,81 0,803 0,80 0,78
KNN 0,76 0,713 0,73 0,87
NB 0,79 0,727 0,75 0,84
NN 0,75 0,747 0,74 0,85
LDA 0,71 0,733 0,71 0,86
RF 0,73 0,673 0,70 0,91
SVM 0,88 0,823 0,85 0,84

Minh hoa két qua du bao phén loai ngap tir mwa—muc nudc duoc thé hién trén hinh 16,

Hinh 16. Mot s6 két qua phan loai viing ngap theo ludi diém muc nudc 1,5 m, lwong muwa 80 mm.,
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3.2.2. Dao tao Al du bao viing ngap 2D st dung s6 liéu mo phong

a) Xt 1y s6 liéu ngap mo phong 1am dau vao mé hinh ML

Céc gian dd ngdp dinh dang m6 hinh MIKE theo cac kich ban da dugc xay dung, chay
mo phong va luu trong CSDL tir két qua ctia ndi dung 7 duoc chuyén thanh dang luéi diém
ngap do phan giai 10m dang anh geotiff (X: 2016 diém Y: 1745 diém) véi tong cong
3,517,920 diém ludi. Céac ludi diém va s liéu d6 sau ngap duoc doc vao mang numpy 3
chiéu trong python bao gom:

- Mang 3 chiéu X bao gé)m: Mua, Muc, toa do0 XY trén ludi.

- Mang 2 Chiéu Y: 13 d6 sdu ngép twong tng véi mua, myuc nudce (hon 1000 d6 siu ngp
khac nhau tai hon 70000 diém ngap trén ludi 10m).

b) Cac bude dao tao mo6 hinh ML

Sau khi dd chuan bj sb liéu cac bude tién hanh dao tao mo hinh sir dung ngdn ngir 1ap
trinh python va thu vién Scikit—learn cho cac thudt toan dao tao.

ML nhu sau:

1. Chuén héa s lidu dau vao sir dung ham

z=(Xi—u)ls

Trong d6 u la gi tri trung binh; x 1a gia tri thi xi; s 1a d6 léch chuan ciia so licu.

2. Chia bo s6 liéu ngu nhién thanh 2 bo 1a bo dao tao va 01 kiém thtr véi ti 1¢ 80% dao
tao va 20% kiém thur.

3. Chay cac thuat toan dao tao.

Trong nghién ctru tién hanh chay céac thuét toan dio tao hdi quy cho 70 000 diém ngap
trén ludi 2D va chay kiém tra v6i 9 thuat toan nham luc chon ra thuét toan dao tao téi wu nhat
bao gom: “Nearest Neighbors”, “SVM”, “Gaussian Process”, “Decision Tree”, “Random
Forest”, “Neural Network”, “AdaBoost”, “Naive Bayes”, “LDA”.

¢) Két qua dao tao cac thuat toan

Két qua phan bd d6 chinh xac dao tao cua cac diém trén ludi dugc thé hién trong bang
va hinh v& phan b cho thiy thuat toan RE, NN va AB cho két qua t6t nhat v6i nhiéu diém
c6 két qua chinh x4c cao hon. Phan b ciing cho thay hau hét cac thuat toan déu c6 cac diém
di biét voi d6 chinh xac thap dudi 0,8. Tuy nhién, s6 luong diém di biét nay khong nhiéu néu
so sanh trén tong s cac diém di dao tao.

Bang 4. Bang két qua danh gia do chinh xéac cua cac thuat toan dao tao theo phan bé sb luong diém
theo chi s6 R2.

S6 lwgng diém 1 1 1 4 2 20 47 129 449 35559
R2 AB 0,07 0,16 026 03 044 054 063 072 0,81 0,91
S6 lwong diém 1 2 9 11 31 59 90 189 995 34826
R2DT 0,37 0,43 049 056 062 068 075 081 0,87 0,94
S6 lwong diém 855 1086 1153 1514 1913 2461 3317 5066 8320 10528
R2GP 0,0001 0,0995 0,199 0,298 0,398 0,497 0597 069 0,796 0,895
S6 lugng diém 4 1 17 22 47 155 362 971 3321 31313
R2 KNN 0,03 0,13 023 032 042 051 061 0,7 0,8 0,9
S6 lwong diém 580 494 524 542 639 821 1287 2433 4307 24586
R2 LDA 0 0,101 0,2 0,3 0,4 0,5 0,6 07 0,799 0,899
S6 lwong diém 11 20 19 28 43 74 130 310 1375 34203
R2NB 0,03 0,13 022 032 042 051 061 071 0,81 0,9
S6 luong diém 3 0 1 5 10 30 69 183 520 35392
R2 NN 0,14 0,23 0,31 04 048 057 066 074 0,83 0,91
S6 luong diém 1 0 2 9 7 45 71 163 627 35288
R2RF 0,44 0,49 055 061 066 072 078 083 0,89 0,94

S6 lugng diém 114 128 248 330 515 733 1069 1916 6523 24637
R?SVM 0 0,1 0,2 0,3 04 0,5 0,59 0,69 0,79 0,89
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So sanh twong quan giita két qua du bao tai mot diém c6 chi sé R? cao trén ludi tinh va
két qua tur s6 liéu dau vao (tr mo hinh mo6 phéong MIKE) cua 9 thuat toan. Cho thay thuat
toan RF, DT, GP,KNN cho két qua tot nhat.

Bang 5. Bang két qua danh gia do chinh xac trung binh cua cac thuat toan dao tao.

AB DT GP KNN LDA NB NN RF SVM

R? 0,98 0,99 0,72 0,94 0,87 0,96 0,98 0,99 0,88
MAE 0,46 0,11 0,76 0,71 0,62 0,29 0,37 0,14 1,01
MSE 0,75 0,42 13,01 2,51 5,16 1,05 0,59 0,33 7,44
MAD 0,31 0,01 0,27 0,36 0,02 0,01 0,22 0,01 0,49
MaxE 3,12 3,26 16,59 5,75 7,06 4,21 2,96 2,86 8,92

d) Mot s6 két qua cua Al du bao ngdp tir mua—muc nude st dung s6 1iéu mé hinh mo
phong

Hinh 17. Mot sb két qua tinh toan ngap st dung Al s liéu moé phong, muc nudc 1,48 m, mua 140
mm.

Nghién ctru da thyc hién va dua ra phuong phap xay dung cac Al dé du bao ngép tir s6
liéu dy bao mua, myc nudc su dung so liéu mo phong tor mé hinh MIKE. Két qua cho thiy
md hinh RF cho két qua tot nhét, chi sé trung binh R? 13 chi s thudong duge dung dé danh
gia do chinh xac cua moé hinh dat trén 0,99 trén téng s6 cac diém dao tao. Do vay mo hinh
RF s& dugc sir dung dé xay dung ban d6 ngap lut theo thoi gian thuc (Hinh 17).

3.2.3. Pao tao Al dy bao dién ngap ban dd 2D (két hop sb liéu md phong va Al s liéu qua
khr)

Két qua thuc hién két hop Al qua khir va Al s6 liéu mé hinh: Vi han ché cua Al tir sb
lidu quéa khir 12 s6 lidu it va khong sir dung céc thiét bi do nén d6 sau ngap mang tinh chit
udc luong. Con Al tir s liéu mé phong cho két qua dinh luong chinh xéc, tuy nhién, nhiéu
ving ngap con chua duoc kiém chimg do vay két hop 02 Al néi trén sé& tao ra ban dd ngap
¢6 do chinh xac cao hon (Hinh 18).
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Hinh 18. VUng ngéap lugng mua 40 mm, myc nuéc 1,5 m.

4. Két luan

Nghién ctru da xay dung duoc bo co so dir liéu kha 16n (Bigdata) phuc vu cho may hoc
tai thoi diém nghién ctru va sau nay; xdy dung duogc h¢ thng dy bao, canh mua 16n trén co
s& dong hoa dit liéu va Al dé dy bao mua cuc ngin tir s6 liéu ra da thoi tiét; du bao muyc nude
tu dong va ngap lut bang Al tai TP.HCM, khu vuc 1an can va di duoc thir nghiém trong 3
thang 9,10 va 11 ctia nim 2021 trén dia ban Thanh phd Thu D, véi két qua kha tot (hé sd
R?> 0,8), hé thong hoat dong dong bo, tu dong, 6n dinh va s& dugc hoan thién c6 do chinh
xac ngay cang t6t hon dya trén nén tang cong nghé AL

bong gop cua tac gia: Xy dung y tudng nghién cou: L.N.Q.; N.V.H.; Lva chon phuong
phéap nghiér} ctru: L.N.Q., N.V.H,, B.Q.T.; Xt 1y s6 liéu: L.B.Q., N.P.b., N.-T.C,, b.H.H,,
N.M.D.; Viét ban thao bai bao: N.V.H.; Chinh stra bai bao: L.N.Q.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cia tap thé
tac gia, chua duoc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 sy tranh chép lgi ich trong nhom tac gia.
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Abstract: Currently, there are quite a number of forecasting tools in the field of
hydrometeorology that can be applied to simulation and prediction of urban flooding.
However, most of these software are usually commercial software, single without
synchronization. On the other hand, the forecasting and warning of heavy rain and flooding
in Ho Chi Minh City (HCMC) has not yet been linked into the system, so the time to send
the warning bulletin about heavy rain and flooding is delayed, not enough, reliability and
slow interaction with people. Meanwhile, the application of Al in flood forecasting is also
being researched and put into practice in many major cities around the world. This article
introduces the construction of a flood early warning system in Ho Chi Minh City on the
basis of the application of information technology on the basis of GIS (geographic
information system) and application of the intellectual foundation artificial intelligence (Al)
to ensure timely and accurate flood forecasting and warning, in the direction of short-term
forecasts to proactively prevent and respond to floods, share information on the database
using common to the City, allowing authorities and residents to conveniently access real—
time flood warning information in HCMC.

Keywords: Al; Inundation warning system; HCM city; MIKE URBAN; MIKE FLOOD.
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Tém tat: Nghién ciru nay danh gia lai su thay d6i ddi Vo1 mot s6 ddc trung mua trong mia
mua & Nam B0 trong giai doan gan déy (1996-2021) gém mua mua, luong mua, lugng mua
ngay lon nhat, sb ngay mua, so ngady mua vua va lon... Nghién ctru st dung phuong phap
thng ké, tinh xu thé va phuong phap tuyén tinh duogc sir dung dé tong hop sb liéu mua ngay
quan tréc tai 21 tram khi tuong dai dién cho 19 tinh, thanh va 2 ddo & Nam Bo. Két qua
nghién ctru thé hién sy phan bd khong gian cua cac dic trung mua, phan tich chénh léch
gita cac naim ENSO va tat ca cac nam, lam tién d& khoa hoc, kién thirc thuc dia va khi hau
dic trung khu vuc nham nang cao ning lyc du béo, xay dung ké hoach co s& Khoa hoc.

Twr khoa: Dac trung mua; Nam bg; ENSO.

1. Pit vin dé

Nhitng yéu tb khi twong chinh dugce dé cap trong hau hét cac cong trinh nghién ctu la
nhiét d¢ va luong mua. Riéng vé cac nghlen ctru lién quan dén mua bao gom dic diém khi
hau, phan bé mua, xu thé bién doi, bién dong hang nam dugc dé cap trong rat nhiéu coéng
trinh nghién ctru trén thé gioi d6i cac nghién citu & mdi qudc gia.

Lién quan dén ENSO vé nghién cau bién dong hang nim luong mua: [1] da nghién ctru
rang thay d6i lugng mua giita cac nam chiu anh huong cia ENSO hau hét cac khu vuc ¢
Philippines. [2] nghién ctru chu ky khi hdu ndm nam trung binh cta lugng mua Thai Lan va
lién hé voi truong hoan luu khi quyén. [3] nghién ctru sy phét trién ciia ENSO lién hé véi di
thudng lugng mua trén khu vie Dong Nam A va méi lién hé ctia n6 voi nhiing thay d6i cua
khi quyén dai dwong trén khu vuc Indonesia. [4] tién hanh nghién ciru phan bd luong mua
mua trén khu vuc gié mia Dong A.

Gi6 mua lién quan dén dic trung mua: [5] sir dung chudi s6 liéu mua trung binh 5 ngay
tir 1975-1987 dé xac dinh thoi diém bat dau va két thuc trung binh ctia mwa mua hé trén ban
dao Pong Duong. [6] d co nhitng nghién ciru vé cac dic trung mua anh hudng boi gié mua
Thai Binh Duong—Chau A bang ciu trac khong gian— thoi gian. [7] da nghién ctru thay doi
khong gian va thoi gian trén khu vuc Philippines bi 4anh hudng bdi gié mua mua he.

Xu thé bién doi cac dic trung mua: [8] dd nghién ctru xu thé thay dbi dua trén xu thé Sen
va kiém nghiém Man—Kandal. [9] ciing d3 diéu tra ¢ Trung Qudc vé xu thé mua cho cac mua
trong niam v&i chudi s6 lidu 47 nim tir ndm 1961-2007. [10] da diéu tra cac xu thé cua dic
trung luong mua cyc tri. [10] thiét lap cac vung mua 6 khu vuc gi6 mua Dong A bang phuong
phap phan cum va phan cap dong nhat. [11] da nghién ctru 6 Thai Lan vé luong mua cuc dai.

O trong nude, [12-13] dd nghién ctru vé thoi tiét, khi hau, moi truong va kinh té xa hoi
& Viét Nam bi tac dong boi cac nim ENSO. [14] da nghién ctru vé cac hién tuong khi hau
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cuc doan téc dong, anh huong dén toan cau. [15] da xc dinh xu thé bién doi ciia lugng mua
ngay cuc dai va sir dung s6 lidu lugng mua ngay tai cac tram quan trac & bay vung khi hau
Viét Nam giai doan 1961-2007. [16] da du tinh Viét Nam bién d6i mua mua vao cudi thé ky
21 bang mé hinh NHRCM. [17] d phan tich chuén sai, phan tich ti 1& phan trim nghién ctu
tinh toan bién dong mua. [18] di danh gi4 xu thé bién ddi 7 yéu t6 khi twong bing phuong
phap kiém nghiém phi tham s6 Mann—Kendall va xu thé Sen trong giai doan 1961-2007. [19]
cho thiy trong giai doan 1958—2018, lwgng muwa nam tinh trung binh ca nudc ¢ xu thé tang.

C6 thé néi, cho dén nay cac nghién ctru vé dic trung mua mot cach dong bd va kha
phong phu, cong trinh nghién ctru ngoai nudc va trong nudce, phan da déu 1a céc cong trinh
nghién ctru trong thoi ky dai va pham vi quy mé ca nude, it cong trinh nghién ctru chi tiét
cho tiéu vung, thoi ky ngdn va d6 ciing 1a muyc dich cta nghién ctru nay.

2. Phuwong phap nghién ctru va dir liéu st dung

2.1. Gioi thiéu khu viec nghién ciru

Khu vieec Nam B ¢6 khi hau dic trung phan hoa theo mua va ché d6 mua—am phu hop
v6i mua gio. Mua kho (it mua) khodng tir thang XII t6i thang 111 ndm sau. Mua mua trung
Vo1 gi6 mua mua dong von la ngudn gio tin phong trong khoang tir thang XII t6i thang IV.
Mua mua khoang tir thing V dén thang XI, trung voi gi6 mua mua hé mang lai nhimg khoi
khong khi nhiét d6i va xich dao néng am véi nhitng nhiéu dong khi quyen thuong xuyén,
hudng gié khong dong nhat tiy thude vao vi tri va trong khoang thoi gian tir thang V dén
thang XI. Lugng mua hang nam dao dong khoang tir 2000-2500 mm [12].

Véi mot s6 hinh thé gy mua chinh nhu: Gié mua tdy nam thiét 1ap va 6n dinh, truc rinh
thép c6 hudng bac—nam, dai hoi tu nhiét déi don thudn, khong c6 bao hodac ATND-Bao hodc
ap thap nhiét d6i anh hudng tryc tiép dén Nam B va gié mua tdy nam manh két hop véi bao
hodc 4p thap nhiét d6i cung voi dai hoi ty nhiét doi ton tai trén Bién Dong [17, 20], séng gi6
dong [17] 1am cho mua mua & Nam B ¢6 su phan bd khong gian 6 rét lién quan dén vi tri
turong doi Cua tung noi so v6i vang nai 1an can. Khu vuc ¢6 lugng mua cao 13 Mién Pong
Nam B6, gan cao nguyén Trung B va phan cuc Tay Nam Bo (Kién Giang) gan day nai Con
Voi (Campuchia). Muc tiép theo s& gidi thiéu vé phuong phap va dir liéu duoc dung trong
nghién ctru.

2.2. 86 liéu thu thap

S6 liéu quan tric mua & Nam Bo hau hét c6 sau nam 1979 khi Mién Nam hoan toan giai
phong. Bo s6 lidu ddy du nhat dugc luu trir tir naim 1984 dén nay, tuy nhién muc tiéu cia
nghién ctru nay 1a danh gia su bién d6i cia mot sé dic trung mua trong mua mua tai hai thap
ky gan day, do vay nghién ctru danh gia chinh chi tap trung vao s6 liéu mua ngay tir nam
1996 dén nam 2021 (26 nam). S6 lidu duoc ké thira tir cac cong trinh nghién ciru va duoc
tong hop tir Pai Khi tuong Thay van khu vuc Nam Bo nén cac sai s6 tho da duoc kiém tra
cling voi mang ludi 21 tram quan trac dai dién cho 19 tinh, thanh va 2 d¢ao ¢ khu vuc Nam
B, Danh séach cac tram dugc liét ké trong Bang 1 va Hinh 1.

Bang 1. Danh séch céc tram khi tuong dugc su dung trong nghién ctru.

TT Tinh Tram Vido  Kinh Yéu tb Thoi gian
1 An Giang Chau Ddc 10.70 105.13 Luong mua ngay 1996-2021
2 Bac Liéu Bac Liéu 9.33 105.72 Luong mua ngay 1996-2021
3 Bén Tre Ba Tri 10.05 106.60 Luong mua ngay 1996-2021
4 Binh Duong DPdng Xoai 11.53 106.90 Luong mua ngdy  1996-2021
5 Binh Phudc Phude Long 11.83 106.98 Luong mua ngay 1996-2021
6 Ca Mau Ca Mau 9.18 105.15 Lugng mua ngay 1996-2021
7 Can Tho Can Tho 10.03 105.77 Luong muangdy  1996-2021
8 DPong Thap Cao Lanh 10.47 105.63 Luong mua ngay 1996-2021
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TT Tinh Tram Vidd  Kinh dd Yéu to Thoi gian
9 Dong Nai Bién Hoa 10.92 106.82 Luong mua ngay 1996-2021

10 Hau Giang Vi Thanh 9.82 105.45 Luong mua ngay 1996-2021
11 Kién Gia’ng Rach Gia 10.00 105.07 Luong mua ngay 1996-2021
12 Phu Quoc Phu Quoc 10.22 103.97 Lugng mua ngay 1996-2021
13 Long An Mochoa 10.78 105.93 Luong mua ngay 1996-2021
14 Séc Trang Séc Trang 9.60 105.97 Luong mua ngay 1996-2021
15 Tay Ninh Tay Ninh 11.33 106.12 Luong mua ngay 1996-2021
16 Tién Giang My Tho 10.35 106.40 Luong mua ngay 1996-2021
17 Tp.HCM Tan Son Hoa 10.82 106.67 Luogng mua ngay 1996-2021
18 Tra Vinh Cang Long 9.98 106.20 Luong mua ngay 1996-2021
19 Vinh Long Vinh Long 10.27 105.92 Luogng mua ngay 1996-2021
20 Viing Tau Viing Tau 10.37 107.08 Lugng mua ngay 1996-2021
21 Con Pao Cén Pao 8.68 106.60 Luong mua ngay 19962021
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Hinh 1. So d6 tram Khi twong khu vuc Nam B6 duoc st dung trong nghién ciu.
2.3. Phuong phap nghién ciru

2.3.1. Phuong phap tinh toan dic trung thong ké

Cac cong thirc tinh toan cac dic trung thong ké duoc trinh trong tai liéu “Cac phuong
phép thong ké trong khi tugng, khi hau” [21]. O day xin phép duoc trinh bay mét sé cong
thirc tinh todn ddc trung thong ké dugc bai bao sir dung phéan tich.

+ Tinh tong lugng mua nim, hoic mia mua

. X = 2is1Xi , )
Trong do: X 1a tong lugng mua c6 so li€u quan trac {xi, i = 1,n}. )
+ Trung binh cac dac trung mua; luong mua, lwong mua ngay cuc dai, sO ngay mua
16m,...

= 1

X = n i1 % (2)
+ Cong thirc phuong sai

1 _
Dy = 230, (x; — %) )

+ Cong thtrc tinh d¢ 1éch chuén

Sy = /Dy (4)
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+ Ngay bat dau va két thuc

Trong nghién ctru & tinh ngay bat dau va két thiic mua mua bang phuong phap [22] goi
tat 1a 22002, x4c dinh ngay bit dau mua mua 1 ngdy c6 mua trung binh truot 5 ngay thoa
man 2 tiéu chi sau:

- Chi s6 mua ngay cta luong mua kéo dai 5 ngay lién tiép va 16n hon Smm/ngay.

- [t nhét 10 ngay vé6i luong mua ngay 16n hon 5 mm/ngay trong 20 ngay lién tiép.

Nghién ctru d3 tinh toan ngay bét dau va két thiic theo phuong phap trén dia theo bién
trinh nim cta lvong mua hang nam. Hiéu s6 gitta ngay bat dau va két thac mua mua 1a thoi
ky kéo dai mua mua, luan van goi la 46 dai mua mua (DD).

2.3.2. Phuong phap tinh xu thé

Tinh toan xu thé Sen va kiém nghiém Mann—Kandall:

a) Trong R statictica, goi CRAN vé xac dinh thé Sen, phién ban 2.2 va kiém nghiém
Mann-Kendall [23] truong Pai hoc Canada.

b) Mot phién ban phan mém khac ciing coé thé ap dung dé dang ap dung, né duoc viét
dudi dang Visual Basic cai vao Excel va thuc hién tinh toan tuong tu nhu mdt ham trong
Excel ctia Thong ké thoi gian thyuc “Real Statistics Using Excel”.

2.3.3. Phuong phap tuyén tinh

+ Lap phuong trinh xu ‘Ehé bién ddi , v
Lap phuong trinh xu thé theo phuong phap binh phuong t61 thicu

X = by + a5t (5)
. :Z?=1(Xt_>_<)(t_a_ b —%—af
T CER

Cac dic trung thu duogc tir phuong trinh xu thé bao gom: Tdc do xu thé ai; Goc xu thé
bo; Mtrc tang hay giam trong thoi ky nghién ctru D = aixn.
+ H¢ s0 tuong quan theo thoi gian ry

YR (x¢—%) (t=0)
[BR (xe—%)2 TR, (t-D)2]

+ Péanh gia d6 tin cdy clia hé s6 tuong quan

Do tin cay cua r dugc kiém nghiém bang gia thiét Ho: Ho: r=0

Heé s twong quan voi dung lwong mau n duge coi 1a dang ké khi thoa mén tiéu chuan
trong ung vai a = 0,05, 0,01 va 0,1. Viéc danh gia do tin cay cua r dua trén su so sanh hai
gia tri t theo cong thirc t va t, thuong dugc tra bang theo phan bé Student hoic ¢6 thé tinh
thong qua ham TINV (tiéu chuan o, n—2 bac ty do) ciia Excel.

Iyt = 1 (6)
2

3. Két qua va thao luin

3.1. Két qua danh gid miia mwa & Nam Bo

Trén co s& bién trinh mua theo ngay ciia cac nam di tinh toan ngay bét dau va két thic
mua mua hang niam, dya theo chi sé mua ngay véi trung binh truot 5 ngay lién tiép 16n hon
5 mm. Két qua vé ngay bat dau, két thuc, thoi gian kéo dai mua mwa va do léch chuan cua do
dai mua mua dugc thé hién ¢ Hinh 1.

Phan da cac tram & khu vuc Nam B6 ¢6 thoi ky bat dau mua mua trong thang 4. Mac du
vay, phan bé mua mua theo khong gian c6 sy khac biét trén tung vi tri. Khu vyc bat ¢au mua
mua som hon, khoang tir dau thang 4 dén khoang gitra thang 4 tap trung & cac tinh Kién
Giang, Ca Mau, Bac Liéu, Soc Trang va khu vuc tinh Tdy Ninh, Binh Phuéc. Diéu nay co
thé do sy anh hudng cua dia hinh dén diéu kién mua. Vi vay, Pha Quédc bat dau mua mua
sém so véi TBNN khoang tir ngay 02/04. Khu vuc trung tdm bat dau mua mwa mudn hon,
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khoang tir gitta thang 4 dén dau thang 5 bao gom cac tinh An Giang, Dong Thap, Long An,
Bén Tre, Tra Vinh, Can Tho va Viang Tau (Hinh 1a).
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Hinh 2. Phan b khong gian cua ngay bét dau (a), két thac mua mua (b), d6 dai mua mua DD (c) va
d6 1éch chuén cua DD (d).

Phan b ngay két thuc mua mua ciing kha twong ty nhu ngay bit dau mua mura, két thuc
mua mua mudn hon vao khoang tir gitta dén cudi thang 11 va két thac mua mua sém hon
khoang dau thang 11 dén giira thang 11 (Hinh 1b).

Thoi gian kéo dai mua mua (d9 dai mua mua) dao dong trong khoang tir 176-241 ngay
(twong duong khoang tir 6 thang dén 8 thang). Thoi gian kéo dai mua mua khoang 7 thang
tap trung & khu vuc cé ngay bat dau mua mua sém va két thac mua mua muon. Thoi gian
kéo dai mua mua khoang 5-7 thang tap trung ¢ trung tdm Nam B¢ va Vang Tau (Hinh 1c).

Nguoc lai véi phan bd do dai mua mua, do léch chuan & cac tram c6 do dai mua mua
ngan hon véi gia tri khoang 38-55 ngay (khoang 1-1,5 thang) va thap hon véi gia tri tir 20—
38 ngay (khoang 0,5-1 thang). Piéu nay cho thdy ¢ nhiing vi tri c6 thoi gian mua mua kéo
dai it bién dong hon so vai viing cé thoi gian mua mua ngin hon.

3.2. Phdn bé heong mwa va sé ngay mira

Két qua phan bd vé luong mwa ndm, mua mua, do léch chuan caa lugng mua trong mua
mua duoc thé hién trong hinh 3. béi vai lrgng mua trung binh nam, khu vuc tinh Binh Phudc
khoang 2500-2700 mm, luong mua trung binh nam vao khoang 1800-2200 mm tap trung
cac tinh Tay Ninh, Binh Duong, Dong Nai, lugng mua trung binh ndm thap nhat khu vuc la
tinh Viing Tau khoang 1400-1500 mm. Khu vyc c6 luvgng mua trung binh nam cao 1a Phu
Quéc, Ca Mau khoang tir 2000-2700 mm. Lwong mua trung binh nim khu vyc Kién Giang,
Can Tho, Séc Tring, Bac Liéu khoang 1800-2000 mm. Khu vuc ¢6 luong mua trung binh
nam thap khoang 1400-1600 mm tap trung cac tinh An Giang, Bong Thap, Vinh Long, Bén
Tre, Tién Giang, Long An (Hinh 3a).
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mua mua mua (b) va d6 léch chuan
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V& phan bd khong gian cua lwong mua, mia mua ciing kha twong tu lwong mua trung
binh nam, lugng mua trung binh mua mua chiém tir 90-97% lugng mua ca nam. Pay 1a sy
khac biét phan bd mua & Nam B6, lugng mua trung binh cao & cuc Nam va Bic, thap & trung
tam Nam B¢ (Hinh 3b). Gia tri d6 léch chuan cia lugng mua trung binh mia mua dao dong
tir 176-616 mm. Mot sé tram ¢6 sy bién dong lwong mua trung binh nam cao; do léch chuan
cao hon céac tram khac nhu Pha Quéc, An Giang, Phudc Long khoang 500-600 mm (Hinh
3c).

O hinh 4, thé hién két qua tinh toan lwong mua ngay Ién nhat (Rx) trung binh trong
thang mua mua, tong s6 ngay mua trong mua mua (SNM duoc dinh nghia 12 ngay mua co
luong > 0,1 mm), do léch chuan cia Rx va cia SNM trong mua mua, SNM phan b6 kha
d6ng nhat trén khu viee Nam Bo. Bién dong ciia Rx it ¢6 sy khac nhau trong khong gian theo
ting vi tri, do léch chuan cao voi gia tri khoang 22—-26 mm tip trung cac tram Pht Qudc,
Cao Linh, Ba Tri, cac tram con lai Rx phd bién khoang tir 10-18 mm. Bién dong caa SNM
theo khong gian ciing twong dbi ddng nhat trén cac vi tri, trong tu giéng phan bé caa do léch
chuan cua Rx, d6 léch chuan khoang 15 ngay dén 21 ngay tap trung cac tram Phu Quéc, Ba
Tri, Cao Lanh, cac tram con lai dao dong trong khoang tir 6-12 ngay.

Cuc tri SNMV khong chi tap trung vao mua mua ma con tap trung vao vi tri co luong
mua nim 16n dugc thé hién ¢ Hinh 5a. Khu vuc phia bac—d6ng bic va phia Nam-Tay nam
c6 SNMV cao nhit khoang 17-24 ngay/muia mua. Trong khi d6 vung trung tdm Nam B9,
phan 16n cac tram c6 SNMV thdp hon khoang 10 dén 14 ngay/mua mua tap trung tir Chau
Déc, Cao Lanh cho dén Ba Tri, Viing Tau. D6 1éch chuan cia s6 ngay mua vira cting ¢o xu
thé cao hon trong vi tri c6 SNMV cao, thap hon trong vi tri ¢6 lugng mua nam thap dao dong
trong khoang tir 3 dén 7 ngay (Hinh 5b). Hinh 5¢ cho thly SNML ciing tap trung vao mua
mua va vi tri noi c6 lugng mua nim 16n ciing nhu s ngay mua vira, tri 6 dao dong trong
khoang tir 3,0 dén 12,1 ngay/muia mua. D¢ 1éch chuan clia s6 ngay mua 16n miia mua ciing
c¢6 xu thé cao hon & nhimng vi tri c6 SNML cao, thap hon & noi c6 lvgng mua nim thap dao
dong trong khoang tir 2,85 dén 5,61 ngay.
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Hinh 4. Phan b cua luong mua ngay 16n nhit (Rx) trung binh (a), d6 léch chuén caa Rx (b), sé ngay
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mua (SNM) trong muia mua (c) va do léch chuan cira SNM (d).

Hinh 5. Phan b SNMV va d6 léch chuian SNMV (a, b) va phan bd SNML va do 1éch chudn SNML

(c, d).
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3.3. Phdn bé mia mwa trong nam ENSO

Hinh 6a—6b cho thiy két qua tinh toan chénh 1éch d6 dai mia mua (thoi gian kéo dai caa
muia mua) cua ndm El Nino va La Nina so v6i tit ca cac nam, d6 dai miia mwa ngén hon hon
so v6i trung binh cua tt ca cac nim trong cac nim El Nino. Nguoc lai, mia mua dai hon
trong nam xay ra hién tuong La Nina. Chénh léch am giita nam El Nino va trung binh tat ca
cac nam chiém ti 1& 90% trong 21 tram & Nam B9 véi tri sb chénh léch tir —0,9 dén —17 ngay
(chénh léch gitra TBNN cac naim ENSO va TBNN tit ca cic nim) ngoai trir Viing Tau va
Chau Péc. Nguoc lai, nam La Nina voi tat ca cac nam cho chénh léch duong (chiém 76%
trong 21 tram) tir 1,9 ngay dén 25,3 ngay. Cho thay, muia muwa bat ddu mudn hon va két thuc
s6m hon so v&i véi trung binh tit ca cac nam trong nam La Nina va trong niam El Nino ¢6 do
dai mua mwa ngin hon so v6i ndm La Nina va tit ca cac nam.
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Hinh 6. Chénh léch d6 dai mua mua gitra nhitng nim El Nino (a) va La Nina (b) va tit ca cac nam.
Chénh léch lugng mwa miia mua cac ndm El Nino va La Nina va tit ca cac nam (c, d).

3.4. Phdn bé heong mira mia miea nam ENSO

Mbi quan hé ciia cac naim ENSO va miia mua nhu di trinh bay & myc trén. Dé thiy duoc
1d hon diéu nay, nghién ctru tiép tuc phén tich phan bd bién ddi lwong mua trong nhitng nim
El Nino, La Nina va tit ca cac nam. Két qua dugc thé hién & Hinh 6c,d.

Cac nam El Nino va trung binh tat ca cac nam cho chénh 1éch am, luong mua mua mua
thé hién rd rang & Nam B¢ véi tri ) khoang tir 5,9 dén —238,3 mm. Mot sb tram nhu Phu
Quéc, Soc Trang, Vi Thanh, Rach Gia, Cao Lanh, Mdc Hoa va Tra Vinh c¢6 chénh I¢ch am
cao hon tir —193,4 mm dén —241,2 mm. Cac tram chénh léch thép nhu Con Pdo, Viing Tau,
Tay Ninh va Can Tho khoang —8,3 mm dén —54,7 mm. Nhin chung, dong bang Nam Bo
twong dbi bang phang theo khong gian va ENSO 14 hién tugng anh huong trén qui mé 16n,
nén anh huong lugng mua & Nam Bo duogc thé hién kha phd bién trén phan 16n cac tram trong
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cac nam EIl Nino, mic di co sy khac biét it nhiéu vé gia tri chénh léch, nhung khong thiy rd
phan b c6 tinh quy luat trong ting vi tri theo khéng gian (Hinh 6c¢).

Ngoai trir Con Déo va Phuéc Long, trong nam La Nina ¢6 chénh 1éch duong trén phan
16n céc tram v6i tri s6 dao dong tr 16,1 mm dén 158,8 mm, tram Mdc Hoa va Cao Lanh, Soc
Trang c6 chénh léch duong cao vdi tri s6 khoang 158,8 mm. Duong nhu cic tram nay kha
nhay cam véi hién twong ENSO, dan dén c6 chénh 1éch am trong cac nam El Nino va chénh
léch duong trong cac nim La Nina. Ciing giéng nhu nhitng nim EI Nino, chénh 1éch luong
mua trong nim La Nina khong thé hién rd thanh cac vung, riéng hai tram c6 chénh léch am,
diéu nay co thé 1a luong mua khong cao vao chinh pha La Nina va c6 thé duoc thé hién tré
pha so voi pha La Nina (Hinh 6d) (chiém 80,9% s tram).
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Hinh 7. Chénh 1éch Rx trung binh mia mwa gitta c4c nam El Nino (a), La Nina (b) va tit ca cac nam.
Va chénh léch s6 ngay mua TBNN mula mua trung binh mia mua giita cac nim El Nino (c), La Nina
(d) va tit ca cac nam.

Duong nhu ENSO anh hudéng dén hau hét cac dic trung mua & Nam Bo. Trong cac nim
El Nino, xu thé mua cta Rx thap hon so vdi tat ca ciac nam. Chénh léch 4m khoang —2mm
dén —13mm trén phﬁn 16 s6 tram (chiém ti 18 70% s tram), ngoai trur cac tram Ca Mau, Bac
Liéu, Can Tho, Ba Tri, Viing Tau, HCM c6 tri ) khong cao va cho két quéa chénh 1éch duong
khoang 0,58 dén 4,01 mm (Hinh 7a). Nguoc lai, nhitng nim La Nina trén phan 16n cac tram
(chiém 81% s6 tram) c6 chénh léch duong. Céc tram c6 chénh léch dwong cao nhu Phii Quéc,
Cao Lanh, Chau Pdc khoang 13,8 mm dén 24,5 mm (Hinh 7b). Cho thiy luong mua trung
binh trong cac ndm ENSO chiu it &nh hudng cua tinh dia phuong hon so véi Rx.
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3.5. Phdn bé xu thé ciia SNM, SNMV va SNML trong nim ENSO

SNM chénh 1éch thip hon so v6i nhitng ndm El Nino va tit ca cac nim trong miia mua,
v6i tri s6 khoang tir —1,8 dén —12,9 ngay. Mot s6 tram nhu Chau Péc, Soc Trang, Cao Lanh,
Tra Vinh va TPHCM (Tan Son Hoa) ¢ su chénh 1éch 4m cao hon khoang —10,8 dén —12,4
ngdy. Tram Tay Ninh, Phtt Qudc ¢ chénh léch thip hon (Hinh 7c).

Trong nam La Nina xu thé SNM cao duge thé hién rat nhat quan trén tat ca cac tram.
Chénh léch dwong tir 0,41 ngay dén 7,89 ngay giita nim La Nina va tat ca cac nam phd bién
cao hon dang ké voi tri s6 chénh 1éch khoang 7,0-8,1 ngay ¢ cac tram Chau Pdc, Ca Mau,
So6c Trang, Can Tho va TPHCM. Mot sb tram nhu Pha Quéc, Phudc Long, Déng Xoai va
Ca Mau (Hinh 7d) c6 chénh 1éch duong thap hon.

Phén b xu thé s6 ngdy mua vira, mua 16n trong cic nim ENSO, dong nghia véi mbi
quan hé giira cac naim ENSO dén hién trong mua c6 kha nang gy anh huong 16n, 13 yéu tb
dugc quan tim nhiéu trong nhitng nim qua. Chénh léch lugng mua ngay tir 24,8-51,4 mm
trong SNMV (s ngay co trong cac thang muia mua giita ndm El Nino, La Nina va tat ca cac
nam) duoc thé hién ¢ Hinh 8a-8b.
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Hinh 8. Chénh léch SNMV trong cac nim El Nino (a) va La Nina (b) va tit ca cic ndm. Chénh léch
SNML trong cac nam El Nino (c) va La Nina (d) va tat ca cac nam.

Trong nim EI Nino c6 thé thdy xu thé chénh léch 4m dugc thé hién trén phan 16n cac
tram, chiém ti 1é khoang 82,3% trong tong s6 21 tram vdi tri s6 chénh 1éch 4m pho bién tir —
0,89 dén 1,83 ngay (Hinh 8c). 6 chénh léch duong trong nim La Nina chiém khoang 56,9%
(Hinh 8d). Biéu dang chii ¥ 1a trong cac dic trung mua, SNML ¢ ti 16 s6 tram ¢6 chénh 1éch
am trong nam La Nina thap nhét so voi cac dic trung khac, khoang 43% trong tong sb tram,
hon nita hau hét cac tram thudc Mién Pong c¢6 xu thé 4m trong nam La Nina, ngoai trir Viing
Tau (Hinh 8d).
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3.6. Phdn bé xu thé bién déi ciia mia mua

Chiém 67% trong tong s6 21 tram phan da cac tram 13 d6 dai mua mua c6 xu thé giam
(46 déc Sen va hé s6 al mang dau &m) va xu thé tang chi co 33% tram. Cho thiy trong hai
thap ky gan day do dai mua mua phd bién xu thé giam mic du dat mirc ¥ nghia 10% khéng
c6 tram nao (Hinh 9a-9b).
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Hinh 9. Phan bé xu thé bién dbi ciia d6 dai muia mua (DD),(a) xu thé Sen’s slope va (b) hé sb al cta
phuong trinh hdi quy. Va xu thé bién ddi cua lvong mua, (c) xu thé Sen’s slope va (d) hé sb al cua
phuong trinh hdi quy.

3.7. Phan bo xu the bién doi cua lwong mwa mua mua

Hinh 9¢-9d thé hién két qua tinh toan phan bd xu thé Sen va hé s6 al cta phuong trinh
hoi quy ctia tong lwong mua miia mua. Xu thé giam kha phd bién trén cac tram & Nam Bo
ddi voi lvong mua mua mua. Tat ca cac tram déu c6 xu thé luong mua mua mua giam, mot
s6 tram co xu thé giam dat mirc y nghia 10% nhu Viing Tau, So6c Trang, Ca Mau, Rach Gia,
Chau Bdc, Moc Hoa va Can Tho, riéng tram Tay Ninh c6 xu thé luong mua mua mua tang,
diéu nay duoc thé hién & su déng thuén cua ca hé sb Sen va al.

3.8. Phdn bé xu thé bién doi ciia Rx va SNM

Ciing nhu d¢ dai mua mua va lugng mua, xu thé bién di cua lugng mua Rx cling c6 Xu
thé giam trén phﬁn 16n cac tram, ngoai trir magt s6 tram nhu Tay Ninh, Déng Xoai, Bién Hoa
va Bac Liéu c6 xu thé ting nhung khong dat mirc y nghia 10%. Cac tram cé xu thé giam dat
mirc y nghia 10% nhu Ca Mau, Rach Gia, Can Tho va Moc Hoa (Hinh 10a). Phan b6 xu thé



Tap chi Khi twong Thuy van 2023, 747, 98-112; d0i:10.36335/VNJHM.2023(747).98-112 109

tuyén tinh dya trén hé sd al ciing twong giéi pht hop voi xu thé Sen. Mirc do bién d6i tuyén
tinh cua Rx pho bién khoang tir 6,08% dén 15,12% (so voi TBNN).

(@) (b)

12°0"0"N
12°0'0"N

11°0'0"N
11°0°0"N

10°0°0"N
10°0'0"N

SEN.

R AlRx
' 0,249994 I 0,169994

9°0'0"N
9°0'0"N

l -1,19937 I -1,07993

104°0'0""E. 105°0'0" 1 106°0°0" 1 107°00"E IM°(‘I‘0“I£ ]05°I'II'0"H l06°|'ll'0" E ll'l7°(ll'l'l" [

(© (d)

12°0'0"N
12°0'0"N

11°0'0""N
11°0'0""N

10°0'0"N
10°0'0"N

SEN.SNM ALSNM

p 071028 PRCE
z z
£ £
2 =
2 S

% |
-1,44999 134955
104000 1 105°0'0" K 106°0'0" 107°0'0" 15 104°0°0" 1 10500°0" 106°0°0" 107°0°0" 15

Hinh 10. Phan bd xu thé bién ddi cua lugng mua 16n nhat (Rx); (a) xu thé Sen’s slope va (b) hé s6
al ctia phuong trinh hdi quy. Va xu thé bién dbi cua sé ngay mua (SNM); (c) xu thé Sen’s slope va
(d) hé s6 al cta phuong trinh hdi quy.

Ciing nhu d6 dai miia mua va lugng mua, xu thé bién ddi ciia lwgng mua Rx trén phan
16n cac tram ciing c6 xu thé giam, ngoai trir mot sd tram c6 xu thé ting nhung khong dat mirc
y nghia 10% nhu Tay Ninh, Déng Xoai, Bién Hoa va Bac Li€u. Cac tram Ca Mau, Rach Gia,
Cén Tho va Moc Hoa 6 xu thé giam dat muc ¥ nghia 10% (Hinh 10a). Phan b xu thé tuyén
tinh dya trén hé s6 al ciing tuong ddi phu hop vdi xu thé Sen. Muc do bién d6i tuyén tinh
ctia Rx pho bién khoang tir 6,09% dén 15,31%.

Hinh 9c,d trinh bay hé s6 al va xu thé Sen ciia s6 ngay mua (SNM) trong cac thang mua
mua, €6 thé thay cac tram c¢6 xu thé giam SNM chiém 70,09%. Tuy nhién chi c6 S6c Tring
va Tra Vinh dat mirc y nghia thong ké 10%. M§ Tho va Pong Xoai ¢6 xu thé ting lugng mua
(Hinh 10c). Mtic d6 bién d6i tuyén tinh cia SNM phd bién khoang tir 7,3 dén 15,2 ngay.
(Hinh 10d).

3.9. Phan bo xu the bién doi cua so ngay mwa viea va lon

Chudi SNMV va SNML theo két qua tinh todn xu thé bién ddi dua trén xu thé Sen va hé
s0 al cua phuong trinh hoi quy tuyén tinh dugc dua ra trong Hinh 11. Trong cac dac trung
mua, xu thé giam ca SNMV va SNML déu kha nhat quan & Nam B¢. Diéu nay dugc thé hién
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thﬁng quan ca hai hé s6 Sen va al &m chiém ti 91,86% s tram; ngoai trir tram HCM va Phu
Quoc doi voi SNMV; khu vuc ¢6 SNML tiang la HCM va Tay Ninh.
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Hinh 11. Phan b xu thé bién ddi cua sé ngdy mua vira (SNMV) va sé ngay mua 16n (SNML),(a) xu
thé Sen’s slope va (b) hé sé al ciia phuong trinh hoi quy.

Mot sb tram c6 xu thé giam i véi SNML bang kiém nghiém phi tham s Mann—
Kendall dat mtrc y nghia 10%. Mtrc 6 giam tuyén tinh ctia SNMV dao dong phd bién trong
khoang tir 2,3 dén 7,4 ngay/hai thap ky, trung binh tit ca cac tram khoang 4,6 ngay. Muc do
giam tuyén tinh cia SNML dao dong pho bién khoang 1-3 ngay.

4. Két luan

Véi co s¢ dit liu dugc thu thap to Pai Khi twong Thuy van khu vuc Nam B9, s6 liéu
mua ngay trong 26 nam tai 21 tram khi tuong da tinh toan ciing nhu danh gia xu thé mot s6
dac trung mua mua mua; dac diém, xu thé mua va xu thé ddi ciia mot sb dic trung mua trong
muia muwa, Mot s6 két qua nghién ctru da dugc tong hop nhu sau:

Két qua danh gia nghién ciru trong giai doan 1996-2021 so véi cac nghién ctru trudc day
[12,17, 22] vé mot sd dac trung mua trong miia mua déu twong dong, chuan Xac va c6 do tin
cdy cao, cu thé: mua mua bat dau khoang tir dau thang 4 dén gitra thang 4 va két thuc mua
mua vao khoang tir giita dén cudi thang 11 & khu vuc phia Nam va khu vuc phia Tay Bic
Nam Bo. Thoi ky bit ddu mua mua cila cac tinh trung tam Nam B khoang tir giira thang 4
dén dau thang 5 va khoang dau dén giira thang 11 1a két thuc mua muwa. Trong mua mua, Cac
dic trung mua phan bd trong tu nhau s6 liéu cao & phia cuc Nam va phia Bic Nam B9, thip
& cac tinh trung tim Nam Bo, bao gdm ca Viing Tau.

So v&1 TBNN, cac dac trung mua c6 chénh léch thép hon trong cac nam EI Nino, cu thé:
d6 dai miia mua thap hon tir 1015 ngay, tong luong mura trong muia mua thap hon 100200
mm, s6 ngdy mua thap hon 5-8 ngay, 2—4 ngay d6i véi s6 ngay mua vira va 1-2 ngay d6i
v6i s6 ngay mua 16n. Nguogc lai, chénh léch cao hon trong cac nim La Nina, tir 15,3-25,8
ngay ddi v6i do dai mua mua, khoang 8—120 mm ddi luong mwa mua mua, khoang 2,2-3,3
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ngay ddi v6i s6 ngdy mua va sd ngdy mua vira; d6i voi sé ngay mua 16n chénh 1éch khong
dang ké khoang 1 ngay.

Duya trén xu thé Sen va tuyén tinh kiém nghiém Mann—Kendall va Student, phan 16n cac
tram déu c6 xu thé giam voi cac két qua vé dic trung mua trong nghién ctru. Nhung phan it
tram dat muc y nghia 10%, do tin cdy thap va chua duoc kiém ching ro rang.

Han ché cta nghién ctru nay: (1) S6 lugng tram con han ché so véi mang luéi quan tric
Khi twong Thuy vén hién tai; (2) Trong nghién ctru chi s dung s6 liéu quan tric cua tram
Khi twong Thuay vin nén chua da dang duoc nhiéu ngudn s lidu dé kiém chimg va phan tach
nhiéu thoi doan khac nhau dé so sénh chuin xac va do tin cdy cao; (3) Trong cac cong trinh
nghién ctru trude day [15, 19, 20], di cho thiy Xu thé luong mua & phia Nam c6 xu thé ting
trong giai doan trudc day (1961-2007) & mdt s6 tram dai dién. So véi két qua nghién ctru
nay, luong mua c6 xu thé giam & phan 16n sé tram. Diéu nay hoan toan co6 thé giai thich 1a
hai giai doan xac dinh xu thé khac nhau dan dén két qua xu thé khac nhau va ddy 1a gia thiét
chua dugc nghién ctru khao sat cu th_é. Mt khac, can mot s tram c6 thoi ky dai trude day
va phan tach thanh nhiéu giai doan dé c6 két qua chuén xac hon.

Loi cam on: Bai bao hoan thanh c6 sy hd trg vé mat dit liéu caa Trung tdm dy bdo Khi tugng
Thuy vin Qudc gia, Pai Khi tuong Thuy vin Khu vire Nam Bo. Luan van tt nghiép [24].
Loi cam doan: Tép thé tac gia cam doan bai bao ndy 1a cong trinh nghién ctru cua tip thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 sy tranh chap loi ich trong nhom tac gia.
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The study on changes in intra—season rainfall characteristics in
the Southern Vietnam
Dang Thi Lan Anh'”

1 Ben Tre Hydro—meteorological Center, Southern Hydro—meteorological Regional
Center, Viet Nam Meteorological and Hydrological Administration;
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Abstract: This study evaluates the changes in some rain characteristics during the rainy
season in the Southern Vietnam in the recent period (1996-2021) including rain seasons, p
rainfall, daily rainfal, the maximum number of rainy days, the number of days with moderate
and heavy rain, etc. In this study, statistical methods, trend calculation and linear methods
were used to synthesize the observed rainfall data at 21 meteorological stations representing
19 provinces and 2 islands in the Southern Vietnam. The research results show the spatial
distribution of rain characteristics, analyze the difference between ENSO year and all the
others, as a premise for science and field knowledge, field and regional specific climate in
order to improve forecasting capacity and develop basic science plans.

Keywords: Rainfall characteristics; Southern Vietnam; ENSO.
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Tém tit: Nghién ciru xtr Iy nhan dang hinh anh thu dugc tir hé théng camera trén co sg cac
thuét toan tri tu¢ nhan tao (Aritificial Inteligence — Al) nhim chuyen cAc tram quan tric muc
nude thi cong thanh cac tram quan trac muyc nude ty dong. Pong thoi két hop cong nghé
thong tin nham thu thap, két ndi dix liéu quan trac myc nudc tr cac tram thily vin dé ting
cudng sd luong va chat lugng dir liéu cung cip cho cic mé hinh du bao thuy van. Nghién
clru nay dap ing yéu cau chuyén dbi sd, ty dong hoa cac tram quan trac thu cong thanh cac
tram tu dong trén co s& cac cong trinh chuyén mon hién co, d@)ng thoi tiét kiém duoc nguén
nhan lyc tai cac tram khi tugng thily van; giai quyét bai toan thiéu hut nhan sy, kho khin
trong viéc tuyén dung nhan luc cho cac tram theo vi tri viéc lam.

Twr khoa: Camera; Khi twong thuy van; Tri tu¢ nhan tao; Al.

1. Pit van dé

Trén hé thong mang ludi tram khi tuong thuy vén thudc Dai Khi twgng Thuy véan khu
vuc Nam B¢ con nhleu tram thuy van thu cong, tram truyén thong dang quan tric myc nudc
bang cong trinh tuyen coc, hé thong thiy chi va may tu ghi muc nudc. May ty ghi dugc trang
bi tai cac tram hau hét 1a may tu ghi Stevens. CAc tram thii cong can ¢o quan trac vién dé van
hanh va xir Iy thiét bi trong qua trinh quan tric. Tuy nhién, trong tinh hudng dac biét nhu bdi
canh dich bénh Covid-19, cac dia phuong thuc hién gidn cach xa hoi theo Chi thi 16 cua Thu
tudng chinh phu [1]. Mot sO tram thuy van cling bi anh huong theo, cac quan trac vién khong
thé t6i tram dé quan tric, trich xuat s6 liéu dé phuc vu cho cong tac du bao, canh bao phong
chong thién tai. Giai phap sur dung camera két hop voi cac thuat toan tri tu¢ nhén tao dé quan
trac tir xa d6i v4i cac tram bi phong toa rat hitu ich khi c¢6 thé truc tlep thu thap s lidu bat ky
thot gian nao dé phuc vu chuyén mén. Pong thoi co thé nang cip chuyén ddi cac tram tir
quan tric muc nudc thi céng thanh cac tram quan tric tu dong.

Hién nay trén thé gid1, linh vyec tri tu¢ nhan tao dugc ung dung rong rai cho nhiéu nganh
[2-7], trong d6 co khi tuong thiy van. Nhiéu nudce di va dang dau tu xay dung cac hé thong
du bdo hay canh bdo sém dua trén nén tang tri tu¢ nhan tao nhu: hé théng canh bao som 1
tai Jakarta ctia Indonesia; hé théng du bao ngap do mua tai Nhat; hé théng du bao va canh
bao som lii Iyt tai An D9...Trong nudc ciing c6 nhidu  nghién ctru img dung trong nganh khi
tuong thuy van nhu: [8] da nghién ciru trong dé tai cAp B0 “Nghién ctru, xdy dung cong cu
nhan dang va s6 hoa cac gian do tu ghi khi tuong thiy van™ [8-11]; dé tai cdp thanh phd [12]
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da nghién ctru xay dung va trién khai thir nghiém h¢ thdng canh bao sém ngap lut d6 thi dra
trén nén tang tri tu¢ nhan tao tai Thanh pho Hd Chi Minh, da nghién ctru va sir dung hinh anh
tir cac camera do ngap lut trén duong phd cling nhu khai thac nguén céac video tur h¢ thong
camera giam sét giao thong qua img dung Al dé dy bao ngap tai cac tuyen duong cua thanh
phd; [13] da nghién ctru mot giai phap dua trén Vision Transformer, dé phéan loai bén cap do
mua va ngap lut ¢ cac khu vyc do6 thi tir camera. ..

Nghién ctru xtr Iy nhén dang hinh anh thu duoc tir h¢ thong camera trén co s¢ Al dap
g yéu cau chuyén d6i s6 [14- 16] tu dong hoa cac tram quan tric thi cong trén co s¢ cac
cong trinh chuyén mén hién co. Pong thoi dap ing dwoc Chién luge phét trién nganh khi
tuong thiy van dén ndm 2030, tim nhin dén nam 2045 [17].

2. Phwong phap nghién ciru va tai liu thu thap

2.1. Gigi thigu pham vi khu viec nghién ciu

Khu vuc nghién ctru thugc pham vi quan 1y cua Pai Khi tugng Thiy van khu vuc Nam
B6 vé6i 19 tinh thanh. Hién nay mang ludi tram thiy van tha cong & Nam Bo bao gdm 50
tram tmyén théng, trong do hau hét duoc trang bi may tu ghi muc nudc Stevens, Valdai, GR—
38 [18]. Pé thir nghiém, nhom nghién ctru chon 02 tram thily vin c6 dic thi chung cho cac
tram tha cong & Nam B¢ 1a Tram Thuy van My Tho va Tram Thiy van Long Dinh nhu Bang 1.

Béang 1. Danh sach va vi tri tram thir nghiém.

TT Tén tram Tén sbng Kinh dg (°) Vido (9
1 Thuay van My Tho Séng Tién 106°20°48” 10°20°54”
2 Thuay van Long Dinh Kénh Xang 106°15°23” 10°23°60”

2.2. Hé thong camera, ché dg hoat déng va truyén dir liéu

2.2.1. Tiéu chi lya chon thiét bj camera

Camera Ia loai ¢6 dinh, d phan giai FullHD (1080) tré 1én; C6 thé quan sat trong dicu
kién thoi tiét xdu (mua 16m), ché do mau ca ngay va dém, cho phép lya chon vung quan sat;
ma hoa hinh anh theo chuan nén H.265; H. 264; H.264B; MJPEG; két ndi mang theo chuan
RJ45, WiFi; truyen dtr liéu (video, anh) truc tlep vé may chu, c4u hinh tir xa; vo kim loai, lap
dat ngoai troi, kha nang chong nudc, bui chuan IP 67 tro 1én; thong dung nhiéu hing cung
cép trén thi truong, dé lép dat.

2.2.2. Ngudn dién sir dung

Thuan tién nhat hién tai cic camera deu st dung ngudn di¢n mot chiéu DC 12V va dong
tiéu thu twong d6i nho, do d6 dbi véi van dé ngudn cung cap duy tri hoat dong c6 nhiéu
phuong an dé thuc hién va c6 thé ap dung tai tat ca cac tram thuy van. Tuy nhién, de dam
bdo hoat dong lién tuc, tranh bi gidn doan do mét dién ludi, can thiét 1ap hé thong nguon cung
cap on dinh tir 4 quy va nap lai tw dong bang panel mit troi, dién ludi.

Hinh 1. Hinh anh IP camera 2.0MP dugc sir dung thir nghiém.
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Quoc GiA

Hinh 3. Vi tri lip dat camera tai Tram thiy vin Long Binh.

2.2.3. Ché d¢ hoat dong va truyén dit liéu

Thiét bi camera déu duoc cai dit ché do hoat dong truyén video va hinh anh lién tuc
truyén vé may chu, cho phep xem qua cac ing dung trén thiét bi di dong. Pdng thoi trén may
chu cai dit phan mém quan 1y tap trung dé cé thé theo ddi, kiém tra, giam sat va céu hinh
thiét bi tir xa. Trong tam hoat dong ctia camera, ngoai quan sat video truc tlep, lam sao ¢co
nhitng 4nh tét 15 nét (46 phan giai 1080P voi dung lugng 240KB) tai nhiing khu vire quan
tam va truyén dir liéu lién tuc. Thong qua d6 dung cong ngh¢ Al de xur Iy nhan dang, dua ra
s6 lidu theo thoi gian thyc. Phuong thire truyen Truyén dit liéu vé may chu dat tai Dai véi
hai loai dir li¢u: (1) Hinh anh video thuc; (2) Anh chyp theo thoi gian dugc cai dat qua giao
thirc FTP. M6 hinh hé théng quan tric va luu trit dir liéu dwoc thé hién trén hinh 4.

2.3. Phuong phap nghién cuu

2.3.1. DBdi voi gian d6 may Stevens

Cac giai thuat doc thong tin tir gian dd Stevens: dé co dugce s6 liéu chuan xac can thuc
hién cac bude xir Iy nhu: Xir 1y vin dé distortion (méo anh) do camera; xac dinh goc quay;
xéc dinh chinh x4c dau kim dé tinh muc nudc chinh x4c, ta can phai quay anh chup vé goc 0
d6 mot cach tu dong; xay dung dir liéu mau va ddi sanh mau (Template matching) dé xac
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dinh vung chira miii kim ctia may Stevens, st dung thuit toan template matching s& cho két
qua nhanh va chinh xac; cac Keypoint; xu ly van dé doi chiéu cua may tu ghi Stevens.

MO HINH HE THONG CAMERA

QUAN SAT TAI CAC TRAM THUY VAN Camera TV Long Dinh

Mang Internet ADSL cap quang

May chid quan ly va thu nhan
di¥ liéu hinh anh qua giao FTP (O

= = O Thiét bi di déng truy cap trec m%
E@ D D Camera TV M§ Tho
Tram thu phat mang dién thoai
i ‘-\z\] N ((( ;u) S{ma
=]
BSo e

Nguwr@i ding truy cap xem dir liéu

Modem str dung Sim 3G

Hinh 4. M6 hinh chung vé hé thong quan tric va luu trit dir lidu.

a) Véan dé distortion do camera

Mot dic diém cla cac camera hién dang dugc ban trén thi truong la c4u hinh thau kinh
ctia chiing. Do da sb camera trén thi truong dugc ding cho muc dich quan sat & khoang cach
xa va trén mot khong gian rong, cdu hinh thau kinh ciia nhitng camera nay thuong dugc uu
tién cho viéc quan sat bao quat cy ly xa hon la chi tiét nam & cu ly gan va mang tinh dong
déu. V&i mot khung hinh déu (thé hién bang ludi nam tai goc trén, bén trai), khi di qua thau
kinh camera s& cho khung hinh 15i (thé hién bang ludi nam tai goc trén, bén phai).

H

Hinh 5. Hi¢n tuong distortion do camera ghi nhan anh.

Distortion (méo anh) 14 hién tuong cac duong thang trén hinh anh bj cong, nghiéng so
v6i khung hinh (Hinh 5). Nguyén nhan 13 do cac thau kinh trong dng kinh may anh va hién
tugng ndy thuong xuyén xay ra gdy kho khin trong viéc cin chinh céc vi tri 6 li, dudng thang
giao nhau dé xéac dinh do cao muc nude. Do do, ta can phai undistort (stra méo) anh dé viec
can chinh duogc chinh xac. Nhitng dudng nét chinh dugc thé hién trong hinh 1 nhitng dudng
thang trén thuc té, tuy nhién lai c6 dang cong dudi goc nhin cua camera (Hinh 6a). Viéc nay
s& dan dén sai sb ngay cang 16n khi cang vé bién.
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THU VAN THO

Hinh 6. (a) Hién tugng distortion v6i anh may Stevens ghi nhan tir camera; (b) Anh chup méay

Stevens da dugc khir hién tugng distortion.

Dé khic phuc diéu nay, doi hoi phai c6 cau hinh cu thé ctia thau kinh. Vi cAu hinh théu
kinh nay, cac budc bién déi nguoc s€ co thé xay dung lai gan dung hinh anh ban dau. Vi véy,
viéc co duoc cau hinh thau kinh la rat quan trong. Hién nay, cac camera thuong khong cong
bd quy chuan ki thuat, bao gdm céu hinh thdu kinh. Dé giai quyét vin dé nay, mot trong
nhiing rang budc nay 1a dbi tuong da nam & trong khung nhin ciia camera. Mot rang budc
khac 12 camera & vi tri ¢6 dinh. Hai rang budc nay cho phép déi twong can phén tich ludn
luén ndm trong vi tri nhat dinh. C4u hinh cuia thau kinh theo d6 c6 thé dugc moé phong dé dat
duogc két qua tot nhat (Hinh 6b).

b) Xac dinh goc quay

Pbi véi mdy Stevens, trong thuc té, camera ¢ nhiing trudng hop bi 1éch goc quay tir
camera dan dén hinh anh ciing bi 1éch mot goc (alpha) (Hinh 7a). Dé xac dinh chinh xac dau
kim va muc nuée chinh xéc, ta can phai quay anh chup vé gbc 0 do mot cach tu dong. Péi
véi may Stevens, trong thuc té, camera c6 nhiing trudong hop bi léch goc quay tir camera din
dén hinh anh cling bi 1éch mdt goéc (alpha). Pé xac dinh chinh xac dau kim va muc nude
chinh xéc, ta can phai quay anh chup vé goc 0 do mét cach ty dong (Hinh 7b).

Hinh 7. (a) May Stevens bi 1éch do géc quay cta camera; (b) May Stevens dd dugc quay tu dong.

* Thuat todn quay anh ty dong:

Chuyén anh tir 3 kénh mau RGB sang anh xam.

Str dung thuét toan Canny dé tim nhitng diém anh c6 kha ning thudc cac bién canh.

St dung thuat toan HoughLines dé xac dinh nhitng duong thang dwa trén cac diém anh
tur thuat toan Canny.

Loai b nhirng duong thiang cé goc 1éch qua 16n (> 5 d9).

Lay trung vi cac goc léch tir cac duong thang vira thu duoc.

Thyc hién phép quay voi goc 1éch trung vi.
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¢) B6i sanh mau (Template matching) dé xac dinh ving chtra mili kim ctia may Stevens

Pé xac dinh d6 cao cua muc nude, trudce tién ta can phai phat hién dugc miii kim ctia
méy Stevens. Nhan xét thay hinh déng ctia miii kim tai cing mot may 1a nhu nhau va khong
d6i, do d6 ta sir dung thuat toan template matching s& cho két qua nhanh va chinh xac. Ngoai
ra, tai cac vi tri khac nhau ctia miii kim sé& cho cac hinh dang khac nhau do phép chiéu phoi
canh. Ta s& str dung nhiéu template & mdi vi tri khac nhau dé giai quyét bai toan & moi goc
nhin (Hinh 8).

THUY AN IMGTHO

Hinh 9. (2) Hinh anh trudc khi phat hién miii kim may Stevens; (b) Hinh anh da phat hién dugc mii
kim may Stevens.

d) Cach xac dinh dau kim

Do phép chiéu phdi canh nén miii kim khi tién vé hai bién ciia gidy v& s& bi léch mot
doan nhat dinh. Vi du khi & vi tri trung tdm ctia anh x = 960, miii kim khong bi 1éch va khi
di chuyén dén vi tri bién bén trai véi toa do x = 360, miii kim da bi 1éch 30 diém anh.

Vi vay khi miii kim tién cang tién vé hai bién cta gidy vé, ta s& ting dan chiéu rong cua
bounding box (hinh chit nhat mau do) va miii kim s€ dugc xac dinh béng trung diém cua canh
du6i bounding box (mili kim dwoc minh hoa bang chdm tron mau xanh duong 1a trung diém
cta canh dudi hinh chitr nhat mau do).

e) Cac Keypoint

Dé xac dinh duoc do cao clia myc nudc, ta cﬁn xac dinh vi tri cac 6 1i, tir do suy ra dugc
do cao twong ung bang phuong phap ndi suy. tuyén tinh. Nhan xét thiy khoang cach gitra cac
0 li trén gidy v€ 1a khong d6i, do @6 ta chi can xac dinh mot vi tri cot mbe ¢ dinh (¢ déy ta
chon bia bén phai cua gidy v€) va suy ra cac vi tri keypoint twong tng.

THUY AR THO FTHUY VARIMY. THO

Hinh 10. (a) Hinh anh ban dau tir may Stevens; (b) Hinh anh phat hién bia gidy bén phai va suy ra
cac vi tri 6 li twong ng.
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f) Van d& d6i chiéu

Trong nhing trudng hop muc nudc di ra khoi khoang gia tri cia gidy v&, s& xay ra hién
tuong ddi chiéu. Do d6 ta can xac dinh vi tri d6i chiéu va léy duogc gia tri thuc cua do cao
muc nu6e (Hinh 11a). Bé xac dinh vi tri ddi chiéu, ta st dung thuat toan nhu sau:

Tai thoi diém can xac dinh d6 cao muc nudc, ta 1an luot quay nguoc vé cac thoi diém
trude d6. O mdi budce quay nguoc vé, ta xac dinh vi tri toa d6 mii kim va do cao muc nudc
tuong ung (d6 cao dua trén giéy v& va khong dao chiéu). Xac dinh 1an cham bién trai hoic
phai bang cach xét 3 vi tri dau kim (xo, Yo), (X1, Y1), (X2, y2) va d6 cao ho, hy, h2 ¢ cac thoi
diém lién tiép to, t1, to. Tinh hai vector lién tiép nhau va xac dinh goc giira hai vector vi (Xi—
Xo, Y1—Yo) VA& VECtor V2 (X—X1, Y2—Y1). Kiém tra diéu kién cham bién: goc giita 2 vector 1a goc
th (cosin < 0), h1 6 gid tri cach gid tri myc nude ¢ 2 bi€n mot khoang nho va xo < X1 > X2
(d6i chiéu bién phai), xo > X1 < X (d6i chiéu bén trai). Két luan, néu lac quay nguoc vé cac

thoi diém trong qua khir c6 1 14n cham bién thi thuc hién ddi chiéu, néu c6 2 1an cham bién
thi khong thyc hién doi chicu (Hinh 11b).

THUXVARMY THO

Hinh 11. (a) Chuan bi xay ra hién tugng dao chiéu; (b) Quay ngugc vé qua khir phat hién ¢6 1 lan
cham bién => ddi chiéu.

2.3.2. Ddi vai hé théng thay chi

Cac giai thuat can xir Iy dé doc thong tin tir hé thong thity chi dé co dugce s6 liéu chudn
xac, tuong ty nhu gian dd may Stevens, can xéc dinh vj tri tuyén coc, thuy chi do muc nudc,
tir d6 suy ra cac cot moc myc nudc trong tng. Str dung thuat toan template matching véi cac
template 1a cac thiy chi. Xur ly nang luong tir hinh anh thu nhan dugc qua 4nh sang ban ngay,
ban dém. Tao mau dé giai thuat Al hoc tir cac tinh hudng thuc té ¢ thé xay ra nhu béo, rac
troi, song tir thuyén ghe khi di qua, mua to...

*Céc giai thuat xu 1y dé doc tw dong thong tin tir anh chup thity chi

a) Template matching dé xac dinh vi tri cac thiry chi

St dung thuat toan template matching vdi cac template 1a cac bang P1, P2 cta thuy chi
(Hinh 12-14).

Hinh 13. Hinh anh minh hoa vai template thay chi P».
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Hinh 14. Phat hién hai thiy chi v&i bang Py va Po.

b) Giai phap ban ngay

Sau khi tim duogc vi tri hai thuy chi P1 va Pa, ta tién hanh xac dinh muc nuée voi thuat
toan nhu sau:

- Xac dinh ving xung quanh thuy chi dya trén vi tri hai cot P1, P2 (Hinh 15a).

- Tinh gradient & mdi d6 cao bang cach iy tong theo chidu ngang trong ving can xac
dinh va chuén hoa vé doan [0, 1] (Hinh 15b).

- Tinh gi4 tri kénh mau green & mdi d6 cao bang cach ldy tong theo chiéu ngang trong
ving can xac dinh va chuan hoa vé doan [0, 1].

- Tinh gi4 tri ning lugng bang cong thic:

alpha x gradient + beta x green

- Duyét vung can xac dinh tir cao dén thép, néu tai mot do cao bat ki thoa man diéu kién
muc nudc thi s€ dung thuat toan.

- Piéu kién muc nude: gia tri ning lugng & do cao can xac dinh < gia tri niang luong
trung binh cta cac do cao bén trén —0,5 va c¢6 d6 16n dao ham dat cuc dai (Hinh 15¢).

-0.25

-0.50

-0.75

=5 N & d 3 160 Z(I)O 3{;0 4(;0 5(50 660 760 860
(a) (b) (©)

Hinh 15. (a) Vung can xac dinh muc nude 14 hinh chir nhat mau xanh; (b) Minh hoa tinh gradient tai

ving can xéc dinh; (¢) Minh hoa biéu do nang lugng ban ngay va muc nudc thoa diéu kién & vi tri

543 (pixel trén anh).

¢) Giai phap ban dém

Tuong tu nhu giai phap ban ngay nhung thay vi tinh gradient va kénh mau green, ta s¢
tinh gi4 trj d6 sang va gradient ctia anh do ban dém nhiing diém trén thuy chi voi diéu kién
chiéu sang tir dén s& c6 do sang cao hon nhitng diém dudi nudce (Hinh 16).
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Hinh 16. (a) Minh hoa biéu d6 niang lugng ban dém va muc nudc thoa diéu kién & vi tri 589 (pixel
trén anh); (b) Két qua gia tri myc nudc thu duge 1a vach ké mau xanh 14,

2.3.3. Hé théng dich vu trén web xtr Iy va cung cap thong tin cac tram thiy van

Giai phap 1a su két hop giita cac thanh phan doc 1ap voi nhau. Cac thanh phan bao gdm:

- Camera: voi nhiém vu ghi lai hinh anh tai cac tram. Dé phan tich duoc két qua t6t va
chinh x4c nhét, camera dugc lép dat va cb dinh tai mot vi tri véi khung nhin bao quét phé
chuyén dong. Trong ing dung hién tai, phd chuyén dong nay bao gdm khoang tir bién trai
dén bién phai ctia dau kim méy Stevens tai Tram thity van My Tho. Tai tram thiy van Long
Dinh, pho nay 14 tir giéi han dudi va trén cta hai cot thiy chi trén séng.

2
<2 i
é% May chil

Ghi hinh

Camera

-y ~

X Iy
Dich vu Dich wu Dich wu
Phantich Lutus tri Web
1 |

2

o 00

M hinh Co s

\\_ Thuat toan dit ligu _/)

D

Internet

|

Trang web

Hinh 17. Kién trac chung ciia hé thong dich vu trén web dé xur Iy va cung cip thong tin cho cac tram
thay van.
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- Méy cha ghi hinh: ¢6 nhiém vu tong hop cac ngudn dir liéu video tir camera. Do s6
lwong camera c6 thé nhiéu, viéc thanh 1ap mot diém téng hop va luu trit hinh anh 1a hop 1y.
Hon nira, vi tri cac camera thuong phai phy thude vao tram thuy van, do d6 cac phuong thire
két ndi mang dé truyen tai dit liéu cho cic camera ndy c6 thé rat da dang, dit ra mot so thur
thach cho viéc lay dit liéu diu vao nhim muc dich luu trix cling nhu xu ly. O mot sb noi
khong ¢ két ndi internet c6 day, két ndi khong day 4G thuong duogc trién khai.

- May chu xir Iy: ¢6 nhiém vu xir 1y va phan tich thong tin hinh anh camera va cung cép
cac két qua phan tich nay. Cac hoat dong dugc thyc thi tai may chu xu ly dugc phan tach ra
mot s6 thanh phan (module) nho hon, nhiam dé& dang thay the cling nhu khic phuc cac 151 xay
ra. Cac thanh phan nay dugc chia thanh cac dich vu, bao gom

+ Dich vu phan tich ¢6 nhiém vu nhan mot hinh anh dau vao, kém theo mot cAu hinh mé
ta mo hinh thuat toan, sau d6 tién hanh phan tich va tra két qua. Pay la dich vu chinh va quan
trong nhét cua toan bo giai phap. Di kém véi dich vu nay 1a cic mo hinh thuat toan cu thé
cho cac camera. Cac mo hinh dugc dp dung cho toan by camera, tuy nhién mdi camera s& co
cac cau hinh riéng duoc tinh chinh dé cai thién do chinh xac cao nhat c6 thé duoc, thong qua
cac vi du sai dudi dang cac anh ma mo6 hinh géc nhan dién chua chinh xac.

+ Dich vu luu trir ¢6 nhiém vy dinh dang, gan nhan, luu trit va tra ciu cac két qua da
phan tich. Nhiém vu nay doi hoi mot 16p triru twgng hoa cac phuong thue luu trit, cho phép
kha nang linh hoat trong viéc lya chon vi tri luu trir. Ngoai ra, dich vu nay cling cung cap cac
két qua phan tich trong qua khir (tra ctru) voi dau vao mo ta mot bo loc, gdm tén camera va
thoi diém trong quéa khir. Cac dir liéu két qua trong quéa khir s& duoc tra ciru. Két qua tai thoi
diém gan véi thoi diém duogc dua ra trong bd loc nhét s& duoc tra ve.

+ Dich vu web nam trong nhém cac dich vu v6i nhiém vu cung cap thong tin két qua.
Vé mit ban chat, dich vy nay s& cung cap thong tin két qua qua mdi truong web. Voi moi
loai yéu cau, dich vu web sé lién hé véi cac dich vu khac dé thu thap két qua tuong trng, sau
d6 tong hop lai va chuyén dinh dang sang ngdn ngit web phii hop cho viéc trinh bay trén trinh
duyét va giri két qua vé nguoi dung.

Ti€p nhan va phan hdi Xir Iy

e — e —
— —~ —

Yéu cdu

% in:
i j Dich vy l
Web p 2
Internet N Hinh anh Két qua
Trinh duyét <r_; l }

Phén hoi @E] 3:@}

Méy chii Dich vy
Ghi hinh Loy trie

Hinh 18. Nguyén 1y hoat dong ctia dich vu web.

Céc duong dan cua dich vu web duoc thiét ké theo quy chuan tai nguyén REST mang
tinh théng nhat:

/api cung cap thong tin dang chit thudn tay. Dang thong tin nay gitp két qua duoc truyén
di nhanh hon, ciing nhu gitp viéc phat trién tng dung tich hop dé dang hon (ttng dung cho
méy tinh hodc cac thiét bi thong minh)

+ /api/<tén tram thily vin>/current_water level: cung cp thong tin myc nudc cta tram
thity van tai thoi diém méi nhit
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+ /api/<tén tram thuy vdn>/history?time=yyyy—-MM-dd-HH-mm-ss: cung cap thong
tin muc nudce cia tram thily vin gan nhét véi thoi diém nam yyyy, thang MM (2 chir so)
ngay dd (2 chir so) gio HH (dang 24 gio, 2 chit s6), phat mm (2 chit sd), gidy ss (2 chir s0)

/img cung cap thong tin dang hinh anh. Dang thong tin nay cho phep hién thi truc quan
hinh anh gdc 1an két qua phén tich néu cé.

+ /img/<tén tram thuy van>/current water level: cung cap hinh anh muc nudc cta tram
thity van tai thoi diém méi nhit

+ /img/<tén tram thuy van>/history?time=yyyy—MM- —dd-HH-mm-ss: cung cdp hinh
anh muc nudc cia tram thiy vin gan nhit v6i thoi diém nim yyyy, thang MM (2 chir so)
ngay dd (2 chir sd), gio HH (dang 24 gio, 2 chir s6), phut mm (2 chur so) gidy ss (2 chit sd)

/<tén tram thily van> thé hién trang web bao gom hinh anh 1dn két qua phén tich cho
tram thuy van.

Dich vu phan tich s€ doc cac cau hinh camera, sau d6 khoi dong cac quy trinh phan tich
cho timg camera dua trén nhitng cau hinh nay. Mdi quy trinh phan tich bao gom mot s6 bude
va duoc 1ap lai dinh ky sau mot khoang thoi gian nhat dinh ¢6 thé c4u hinh dugc.

Kiém tra anh moi: tai budce nay, dich vu sé tién hanh lién hé dén may cha ghi hinh de
kiém tra su ton tai ctia anh méi. Trong truong hop c6 anh méi, anh nay s& dugc tai vé va gin
nhan dya trén thoi diém ghi hinh. Nguoc lai, trong truong khong ¢6 anh mai, diéu nay c6
nghia két qua hién tai 1 m&i nhat va khong can 1am gi thém.

Sau khi anh méi duge tai vé, thuat toan nhan dang va phan tich s& duoc trién khai trén
anh va dua ra két qua.

Vi két qua phan tich thu thap duoc sau khi thuat toan hoan thanh, cac budc kiém tra két
qua s& dugc thyuc thi dé dam bao két qua 1a hop 1y va dung dinh dang.

Cubi cung, cac két qua hop 1& s& dugc chuyén sang dich vu luu trit va theo d6 ghi vao
co s¢ dit liéu da dugc cu hinh (Hinh 19).

]

~,
Dich vy
Phan tn:C Q‘ Camera A
Binh ki 30 gidy
@BJ . @% Ki€m tra anh mdi
May chi i
Ghi hinh o
Phén tich anh méi
=Yy
EE Ki€m tra k&t qua phan tich
o \l/ Luru trir k€t qua
i@} « L :
h. vy

Dich wvu

T
=

Co s&

dit ligu

Hinh 19. Quy trinh xir 1y anh tir tram thay vian dé doc thong tin ty ddng va ghi dir liéu vao co so dir
liéu.
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3. Két qua va thao luan

3.1. Két qud san pham thu dwoc

Sau khi lép dat, qua thoi gian thur nghiém, nhan théy hién nay hoat dong ctia h¢ théng
thu nhan duoc két qua nhu mong muébn. Vi day du cac chirc nang, vira ¢6 thé xem hinh anh
thuc va cac anh goi vé déy du, dam bao cho budc xir Iy hinh anh dé dua ra céc s liéu thuc.
Dong thoi qua theo ddi nhan thdy voi budi tdi anh sang kém, thoi tiét xau nhu mua van c6
thé thu nhan duogc cac anh c6 chat luong.

Panh gia két qua so vai sb liéu quan tric tha cong:

- So sanh s6 doc thi cong truc tiép tir thity chi va sb liéu sir dung camera trén nén tang
cong ngh¢ Al cho két qua t6t. Ty 1¢ s0 liéu bang nhau chiém trén 35%, sai s0 chénh léch cua
hai phuong phap do phan 16n dao dong tir 0,5 cm dén 0,5 cm chiém trén 75%. Két qiia danh
gia duoc trich xuat tir Bao céo tai Hoi thao Ung dung tri tué nhan tao trong linh vuc khi tuong
thuy van [19].

- S0 sanh giira s liéu trich xuét thu cong tir gian d6 may Stevens va s liéu sir dung
camera, két qua cua hai phuong phap kha dong nhat, chénh léch cua hai phuong phap do
phan 16n dao dong tir 0,5 cm dén 1,5 cm trong pham vi sai s6 cho phép. Két quia danh gia
duoc trich xut tir Bdo cdo tai Hoi thao Ung dung tri tu¢ nhan tao trong linh vuc khi tuong
thuy van [19].

Tuy trong thoi gian thir nghiém (cho may hoc) nhung sai s6 chénh léch nam trong gidi
han cho phép, c6 thé ap dung trong thuc té dugc.

3.2. Nhueoe diém, han ché va gidi phap

- Két qua con phu thudc vao duong truyén internet, 3G; phu thudc vao thoi tiét khi mua
to, lam anh huéng dén chét lugng hinh anh. Giai phap xu 1y 1a ting dung lugng duong truyén
va chat luong hinh anh ciia camera.

- D6 chinh x4c c6 thé bi anh huong ddi vé6i cac tram bi béo, rac bao quanh thuy chi. Giai
phap xtr 1y 1a che chan thuy chi hodc vt béo, réc che chan quanh thity chi.

- Boi hoi phai ¢o vi tri le‘ip camera thuan lgi, camera phai ¢d dinh, chic chéin, chiu duoc
mua to, gié 16n khi 1ap dat ngoai troi khi dung dé doc tric thuy chi. Giai phap xir 1y 1a thiét
ké vi tri 13p dit camera chéc chan.

- Khoang céch tir camera dén thily chi khong qua xa. S€ c6 kho khan khi tram thuy van
& bii 1ai, c6 nhiéu thuy chi. Giai phap xur 1y 13 c6 thé phai gin thém camera.

3.3. Hiéu qua kinh té

- Giai quyét duoc bai toan tinh giam bién ché theo chi trrong cta Pang va Nha nudc,
tiét kiém duoc ngudn nhan lyc; giai quyét bai toan thiéu hut nhan sw, kho khin trong viée
tuyén dung theo vi tri viéc lam.

- Chi phi dau tu dé xay dung cong trinh, trang thiét bi cho tram quan tric muc nudc bfmg
camera két hop cong nghé Al thap thap hon nhiéu so v6i mirc dau tu hién tai. Dong thoi dé
thay thé, bao dudng cong trinh, thiét bi.

3.4. Uu diém, thudn loi

- Pam bao d6 chinh xac cua sd liéu, khach quan, khong bi chi phdi boi yéu té chi quan
cua nguoi doc.

- C6 thé chuyén ddi sb, tu dong hoa cac tram quan tric tha cong thanh cac tram ty dong
trén co s¢ cong trinh chuyén mon hién co.

- Khai thac s6 liéu thuan loi, khong qua kho khan.

- Kinh phi dé trang bi cho toan bd hé théng camera, duong truyén sé liéu... khong qua
16n.

- Lip dat don gian, d& dang khong doi hoi ky thuat qua cao.
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- Giai quyét dugc bai toan trong thoi gian dich bénh Covid—19, tram nim trong khu
phong toa, quan trac vién khong dén tram dugc. Giai phép dung camera dé co6 ngay so liéu
de phuc vu cho cong tac du bao, canh bao.

4. Két luan

Nghién ciru xir Iy nhan dang hinh anh thu duoc tir hé théng camera trén co s cac thuat
toan tri tué nhan tao dé tinh toan xac dinh gia tri myc nuoc ty dong tai cac thoi diém, luu trit
hinh anh va s liéu twong tmg vao co s¢ dir liéu tai may chu cua Dai. Nghién ctru cho thiy
két qua dam bao do chinh xac cua sb liéu, khach quan, khong bi chi ph01 boi yéu t6 chu quan
ctia nguoi doc. Két qua nghién ctru cho thdy c6 thé img dung dé chuyén doi sb, dé tu dong
hoa céc tram quan tric thi cong hién nay thanh cac tram tu dong trén co s¢ cong trinh chuyén
mon hién co.

Ngoai ra, dé déy manh viéc ty dong hoéa, sd hoa, Pai Khi tuong Thuy van khu vire Nam
Bo da chu dong phdi hop v6i Truong Pai hoc Khoa hoc Ty nhién TP. Hb Chi Minh nghién
ctru, str dung va phat trién cac ing dung chuyén nganh trén nén tri tué nhan tao.

bong gop cua tac gia: Xay dung y tudng nghién ciru: L.N.Q; Lap dat camera thtr nghiém:
P.H.Q.T.; Viét ban thao bé‘li’ bao: P.H.Q.T., N.N.D., T.T.D.; Thuc hién cac thuat toan Al:
T.M.T.; Thu thép, so sanh so0 liéu: N.N.D.; Chinh stra bai bao: N.N.b., T.T.D., N.M.G.

Loi cAm on: Nhom tac gia xin chan thanh cam on Dai Khi tugng Thuy van khu vuc Nam
B0 da cho khai thac, str dung $0 liéu va cac bao céo; Cam on Truong Dai ’hoc Khoa hoc Tu
nhién TP. H6 Chi Minh da phoi hgp tot dé nhom tac gia trinh bay nhitng két qua nghién ctru.

Loi cam doan: Tép thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cua tip thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tir nhitng nghién ciu trude day;
khong ¢6 su tranh chap loi ich trong nhom tac gia.
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Applying Al in water level measurement by Camera
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Abstract: Researching and processing image recognition obtained from the camera system
on the basis of artificial intelligence algorithms (Al) to convert manual water level
monitoring stations into automatic water level monitoring stations. Simultaneously,
combining information technology to collect and connect water level monitoring data from
hydrological stations to enhance the quantity and quality of data provided for hydrological
forecasting models. This study meets the requirements of digital transformation and
automation of manual monitoring stations into automatic stations on the basis of existing
professional works, while saving human resources at hydro—meteorological stations. ; solve
the problem of shortage of personnel, difficulties in recruiting human resources for stations
according to job positions.

Keywords: Camera; Hydrometeorology; Artificial intelligence; Al.
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