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Tém tat: Bai bao tap trung danh gia tac dong cuia bién doi khi hau t6i nhiét do va luong
mua khu vuc tinh Quang Binh. Ngoai ra, xu thé bién ddi nhiét do va luong mua cling duoc
phan tich cho giai doan 1988—2018. Két qua cho thay nhiét d6 trung binh nim tai tram
Tuyén Hoa, Pong Héi va Ba Don déu c6 xu thé ting lan luot 1a khoang 0,1°C/thap ky,
0,23°C/thap ky va 0,19°C/thap ky. Lugng mua c6 xu hudng giam & tit ca cac tram; trong
d6 giam manh nhat & Ba Don (4,94 mm/nam) va thap nhat & Tuyén Hoa (0,057 mm/nam).
Ngoai ra, theo kich ban RCP4.5, nhi¢t dJ trung binh dugc du tinh tang tir 1,1-1,4°C vao
dau thé ky (2016-2035) va 1,9-2,2°C vao giita thé ky (2046-2065). Pic biét, khu vuc phia
Tay tinhdy tinh tang manh, tir 2,1-2,2°C; khu vuc phia Nam tur 1,1-1,2°C va 1,8-1,9°C vao
dau va gitra thé ky. Theo kich ban RCP8.5, vao dau thé ky, nhiét do trung binh duoc du tinh
tang tir 1,3—1,5°C va c6 xu thé giam tir Bic vao Nam. Trong khi dé, theo kich ban RCP4.5
thi lwong mua niam dwoc du tinh ting tir 3,5-14,3% va 4-16% ung véi dau va giira thé ky,
muc tang giam tur Bic vao Nam. Theo kich ban RCP8.5, lugng mua nam duoc dy tinh tang
trén toan tinh tir 5-17% va c6 xu thé chuyén dich tir cac huyén trung tim 1én cac huyén phia
Bac.

Tir khéa: Bién doi khi hau; RCP4.5; RCP8.5; Quang Binh.

1. Ditvan dé

Bién d6i khi hau (BDKH) dugc quy truc tlep hay gian tiép 1a do hoat dong cua con nguoi
lam thay d6i thanh phan ciia khi quyén toan cau va dong gop thém vao sy bién dong khi hau
tur nhién trong cac thoi gian c6 thé so sanh dugc. Bién d6i khi hau xac dinh su khac biét gitra
cac gid tri trung binh dai han ctia mot tham s6 hay thong ké khi hau. Trong do, trung binh
duoc thuc hién trong mot khoang thoi gian xac dinh, thuong 1 vai thap ky. Theo bao cdo lan
thir 4 caa Uy ban Lién chinh pha vé BDKH(IPCC) [1], nhiét d6 trung binh toan cau di ting
khoang 0,89°C (dao dong tir 0,69°C dén 1 ,08°C) trong thoi ki 1901-2012. Nhiét do trung
binh toan cau ¢ chiéu huéng ting nhanh dang ké vao giita thé ky XX véi muc ting khoang
0,12°C/thap ky trong thoi ki 1951-2012. Tiép d6, bao céo lan thi 5 ciia IPCC ciing nhan
manh nhiét d6 bé mat trai dat c6 thé vugt qua 1.5°C vao cudi thé ky 21 so v6i trung binh giai
doan 1850-1900 cho tat ca cac kich ban trir kich ban RCP2.6. Theo thong bao cia T chirc
Khi twong Thé gidi [2], nhitng nam néng ki luc trén thé gisi déu ghi nhan duoc trong nhiing
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nam gan day, dic biét 1a nhitg ndm dau cia thé ky XXI. Trong d6, nim 2015 dugc ghi nhan
l1a ndm néng nhat lich s quan tric, voi chuan sai nhiét do trung binh ndm toan cau dat gia tri
khoang 0,76°C. Lugng mua trung binh toan cau ké tir nim 1901 ¢6 xu thé ting ¢ ving luc
dia vi d¢ trung binh thudc Bic ban céu nguoc lai nhiéu khu vuc nhiét déi co xu thé giam.
IPCC ciing tiép tuc khang dinh rang, so vung c6 cac dot mua 1on tang nhiéu hon so véi s6
vung o6 s6 dot mua 16n giam. Xu thé vé tan s6 bio 1a chua rd rang, tuy nhién gin nhu chéc
chin rang s6 con bio manh ciing nhu cuong d6 cua cac con bio manh da tang lén [3].

O Viét Nam nhiét 6 c6 xu hudng ting & hau hét cac tram quan tric, ting nhanh trong
cac thap ky gan day [4]. Nhiét d6 trung binh nim thoi ky 1958-2014 ting khoang 0,62°C,
riéng giai doan 19852014 nhiét d6 tang khoang 0,42°C [4]. Téc d6 tang trung binh mdi thap
ky khoang 0,1°C, thap hon gia tri trung binh toan cau, 0,12°C/thap ky [1]. Nhiét do tai cac
tram ven bién va hai dao c6 xu thé tang it hon so vdi cac tram & sau trong dét lién [4]. Co su
khac nhau vé muc tang nhiét do gilra cac vung va cac mua trong nam. Nhiét do tang cao nhét
vao mua dong, thap nhat vao mua xuan. Trong 7 ving khi hau, khu vyc Tay Nguyén c6 mirc
tang nhiét do 16n nhét, khu vuc Nam Trung B6 c6 mirc tang thap nhét.

Quang Binh 1a mot tinh ven bién thudc khu vuc Béc Trung Bo, dugc danh gia 1a mot
trong nhiing tinh chiu tic dong 16n cua thién tai va bién d6i khi hau. Trong giai doan tir ndm
2005-2019 (15 nam), trén dia ban tinh d3 xay ra 25 con béo, ap thip nhiét di va 41 tran i
16n nho, 1am thiét hai hon 7.800 ty dong [5]. Trudce st ép vé tang trudng kinh té, sy gia ting
cac loai khi nha kinh va sy khai thac qua mirc tai nguyén thién nhién va cac h¢ sinh thai von
1a cac bé hap thu khi carbon tu nhién da gop phan vao su BDKH toan cau, thé hién qua s
thay d6i nhiét do, lugng mua va sy bét thuong cua cac loai hinh thién tai va thoi tiét cuc
doan. Bai bao nay nham muc dich dénh gia xu thé bién doi ctia nhiét d6 va lugng mua tinh
Quang Binh trong bdi canh BPKH, ddng thoi xay dung kich ban chi tiét dén cip huyén giai
doan dau va giira thé ky XXI, dong thot phuc vu cho viéc danh gia tac dong va xay dung cac
giai phap tmg phé phu hop véi thyc té cia dia phuong.

2. Phwong phap nghién ctru va sé liéu
2.1. Phuwong phap nghién curu

2.1.1. Kiém nghiém phi tham s6 Mann—Kendall

Thong thuong, xu thé bién d6i ctia mot chudi thoi gian duoc danh gia thong qua phuong
trinh hoi qui tuyén tinh biéu thi su phu thudc cua yéu to hoic hién tugng duge xét (X) vao
thoi gian (7): X = ao + aut, trong d6 ap 13 hé sd cit va a; 1a hé sb goc. Trong nghién ciru vé
BPKH, céc thanh phan ké c4n cua chudi thoi gian thudng cach nhau mot nam, do d6 don vi
ctia ¢ 1a ndm. Dau caa hé sb goc a; cho biét chudi c6 xu thé ting (a;>0) hodc giam (a;<0).
Dé c6 két luan chéc chan vé xu thé cta chudi can tién hanh kiém nghiém d6 rd rét cia hé sd
goc a;. Tuy nhién, trong nhiéu nghién ciru [6-8] da chi ra wu viét cua phuong phap kiém
nghiém phi tham s Mann—Kendall va xu thé Sen’s Slope. Do vay, trong nghién ciru nay,
chung t6i sir dung phuong phap kiém nghiém phi tham s6 Mann—Kendall va phan tich xu thé
Sen’s Slope [8—10]. Xu thé cua chudi thoi gian dugc xac dinh thong qua viée so sanh do 16n
twong d6i cta cac thanh phan trong chudi chir khong phai xét chinh gia tri cua cac thanh
phan. N6i cach khac, cac thanh phan trong chudi thoi gian duoc so sanh véi nhau theo thir
hang 16n bé va khong tinh dén gia tri cia chung sai khac nhau bao nhiéu. Loi thé cua kiém
nghiém nay la khong can biét tip mau tuan theo luat phan bd nao. Mot cach van tit co the
mo ta phuong phap nay nhu sau.

Gia sir ta c6 chudi thoi gian {x;, t=1..n}, véi nghién clru nay t chay tur 1 dén 31 (31 nam)
[10]. M&i mot thanh phén trong chudi s& duoc so sanh véi tit ca cac thanh phan con lai dig
sau n6 (vé thoi gian). Gia tri thong ké Mann—Kendall (S) ban dau dugc gan bing 0 (tirc 1a
chudi khong c6 xu thé). Néu thanh phan sau 16n hon thanh phan trudc thi ting S 1én 1 don
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vi. Nguoc lai, néu thanh phan sau nho hon thanh phan trudc thi S bi trir di 1 don vi. Néu hai
thanh phan c6 gia tri bang nhau thi S s€ khong thay doi. Tong S sau tat ca cac lan so sanh sé
duoc dung d¢ danh gia xu thé chung cua chuoi. Tuc 1a ta co:
n-1 n
S=ZZsign(xj—xk) (1)
k=1 j=k+1
Trong do
1 khix;—-x, >0
sign(x;-x,)=40  khix;—x, =0 Q)
-1 khix;—x, <0
Gié tri S duong thé hién xu thé ting ctia chudi va S 4m thé hién xu thé giam cua chudi.
Tuy nhién, can phai tinh toan xac xuat di kem véi S va n dé xac dinh mac do y nghia cua xu
hudng. Phuong sai cua S dugc tinh theo cong thuec:

VAR(S):%[n(n—l)(2n+5)—zgt (t,-1)(2t, +5)] 3)

Trong d6 g 1a s6 nhom cia cac phan tir c6 gia tri gidng nhau va p 1a sb phan tir thudc
nhom thtr p. Gid tri chuén Z cta S tuan theo dinh luat phan phdi chuan.

STl g0
[VAR(S)]"

Z=0,S=0 4)
__ S+l
[VAR(S)]"

Z ¢6 phan phdi chuan N(0,1) ding dé kiém dinh chudi c6 xu thé hay khong véi mic y
nghia cho trudc (trong nghién ctru nay dung a = 0,05), a chinh Ia sai 1am loai 1 ctia phurong
phap kiém dinh nay. Néu Z > Z, bac bo gia thuyét Ho, c6 nghia c6 xu thé tang hodc glam;
nguoc lai Z < Z,, d6ng nghia vai viéc chap nhan giai thuyét chudi sé liéu khong c6 xu thé rd
rang.

Xu thé Sen’s Slope (T) dugc tinh toan theo phuong trinh 5 [11], & day T 1a median ciia
chudi n(n—1) phan tu.

S>0

C[xi=x,
T = median < — ®)
j—k

Trong d6, néu T > 0 thi chudi c6 xu thé ting va nguoc lai.

2.1.2. Phuong phap xay dung kich ban bién d6i khi hau

Dé xay dung kich ban BPKH, nhom nghién ctru st dung k¥ thuat ha quy mé thong ké
cho hai dic trung khi tuong 1a lugng mua va nhiét do. Ban chat ciia phuong phap nay 1a xay
dung mbi quan hé toan hoc giita cac dic trung khi twong & do phan giai tho voi cc dic trung
khi twong tai tram. Trong do, dit liéu & d6 phan gidi thd duoc lay mién phi tir mo hinh khi
hau khu vuc RegCM4 [12-15] diéu khién bdi cac m6 hinh khi hau toan cdu CanESM2 [16-—
17], CNRM—-CMS5 [18], CSIRO-MK3.6 [19], GFDL-ESM2G [20], IPSL-CM5A-LR [21],
MPI-ESM-MR [22] va EC-EARTH [23] (ky hi€u chung 1a RCM/GCMs) tai website cua
Lién doan hé thong ludi Trai dat (https://esgf-node.llnl.gov/) véi thoi ky co s 19862005
va thoi ky tuong lai 2016-2065. Trong nghién ctru nay chung t6i tap trung phan tich va lam
rd cac tic dong ctia bién doi khi hau ¢ dau (2016-2035) va giira thé ky (2046-2065) téi luong
mua va nhiét do lam co sé khoa hoc cho viéc lap ké hoach va xay dung chién luge phat trién
kinh té x3 hoi cua tinh. Hon nita, su phat trién cta khoa hoc cong nghé, céac kich ban s€ luon
duoc cap nhat va tinh toan véi muc do chi tiét va chinh xac hon. Viéc lua chon cac khoang
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thoi gian 2016-2035 va 2046-2065 dé tinh toan nham muc dich thuan tién trong so sanh voi
nhiéu nghién ctru khac nhau va phu hgp véi kich ban bién d6i khi hau va nudc bién dang cho
Viét Nam di duoc BO TN-MT cong b [24]. Dé giam thiéu sai s6,dir liéu mua va nhiét o
dugc lay trung binh toan hoc cua cac truong hop trén trude khi duoc hiu chinh sai s6. Nhin
chung so d6 khoi xay dung kich ban bién d6i khi hau cho tinh Quang Binh dugc trinh bay
ngan gon theo hinh 1. Dm v6i dir liéu nhiét d, phuong phéap hiéu chinh Delta [25-26] dugc
str dung voi cong thire tong quat nhu sau:

Ter (t) = Traw + Orpaw (OREF (t)- TREF) (6)
O REF
Trong d6 6T rAW V& OT REF tOng Ung voi d6 1éch chudn trong giai doan tuong lai va qua
khir ctia nhiét d trung binh ngay. Orer 12 dit liéu quan trac thoi ky qua khir. Trer dir ligu tir
RCM/GCM s tig véi thoi ky nén va Traw tmg véi dit liéu tho tir RCM/GCMs qué khir hodc
tuong lai.

M6 hinh khi hau

(quy mé toan cau ~ 200km CanESM2, CNRM-CMS5, CSIRO-

MK3.6, GFDL-ESM2G, IPSL-CM5A-
LR, MPI-EM-MR va EC-EARTH

Ha quy mo|déng luc

M6 hinh khi hau

(quy md khu virc ~ 20 kp) RegCM4

Ha quy mo héng ké bang
phuong phéap hiéu chinh sai s6

Quy moé dia phuvong
Ddc trwng khi twrong tai tram

Hinh 1. So d6 khdi xay dung kich ban bién doi khi hau cho tinh Quang Binh.

Déi véi dic trung mua, phuong phap hiéu chinh sai s6 thuong dung 1a cb ging diéu
chinh gia tri trung binh, phuong sai va phan bd tan suat ciia luong mua tinh toan thé hién
bang mot ham chuyén dbi c6 dang: Po = h(Pm). Cac ham bién ddi thong ké 1a mot ing dung
ctia phép bién ddi tich phan xac suat va néu phan bd ctia bién nghién ctru da biét thi ham bién
dbi duoc dinh nghia duéi dang x,, = F! (Fobs(xobs)) trong do, xm 1a gia tri dia phuong,
Xobs 12 gid tri md hinh va Fi, 1 1a ham nguoc phan bé lity tich cia ham Fr, Ham Fi, duoc lua
chon 12 ham gamma 2 tham s6 dugc mo ta boi ham mat do xac suit gamma f(x) =
B—(X a—1

[(@)
lwong mua ngay (mm) va [ () 1a ham gamma [27-28].

Két qua tinh todn cua cac dac trung nhiét do va lugng mua trong tuong lai (giai doan du
tinh) dugc so sanh voi voi thoi ky co so (1986-2005), giai doan nay cling da dugc IPCC
khuyén céo sir dung lam giai doan co s¢ dé so sanh trong bao cdo lan thir nim cta IPCC.

Déi v6i nhiét d6 trung binh nam: AT Tuong lai = TTuong lii— T1986—2005

exp(_?x) trong d6, o, B, x >0, o va B 1a cac tham s6 hinh dang va quy mé. X thé hién
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(RTwong lai— R1986-2005) % 100

Doi véi lwgng mua nam: ARwong lai =
R1986-2005

Trong d0 ATTuong 1oi = Thay ddi ctia nhiét d trong twong lai so véi thoi ky co so (°C),
TTuong 1si = Nhiét do trong tuong lai (° C) Ti986-2005 = Nhiét d0 trung binh cua thoi ky co
s0(1986-2005) (°C), ARTyong 1ai = Thay ddi ctia lwgng mua trong tuwong lai so véi thoi ky co
8O (%),R1uong i = Lugng mua trong tuong lai (mm), Ryggg_2005)= Luong mua trung binh
cua thoi ky co s¢ (1986-2005) (mm).

2.1.3. Phuong phap xay dung ban db

Bén dd vé nhiét do trung binh va luong mua nam theo cac kich ban RCP4.5 va RCP8.5
duoc xay dung dua trén nén tang hé théng thong tin dia Iy (GIS) bang cac cong cu xu ly ban
d6 nhu Mapinfo, ArcGIS10.4. Phuong phap nay nham lwya chon, chic loc cac két qua mo
hinh phuc vu cho qué trinh quan 1y va khai thac thong tin, nhd d6 c6 thé xay dung duogc cac
ban dd nhiét d6 va luong mua cho tinh Quang Binh giai doan du va giira thé ky XXI. Dir
ligu duoc st dung xay dung ban dd 1a dit liéu mua va nhiét d6 sau khi dugc hiéu chinh trén
ludi cho toan tinh.

2.2. Dir liéu

Mang ludi tram khi twong va do mua trén dia ban tinh Quang Binh dugc hinh thanh tur
nhirng nam 50, 60 cua the ky trude voi mang ludi 56 tram do rong khap tinh, trong do c¢6 6
tram khi twong, quan tric day du cac yéu té khi tuong nhu mua, gid, nhiét dg, do am... va 50
tram do mua nhan dan. Thoi diém cao diém nhat, mat d6 tram khi twong, do mua cua tinh
Quang Binh dat 6,9 tram/1.000 km?. Tuy nhién tinh dén nay nhiéu tram da ngimg hoat dong,
chi con 3 tram khi tuong va 10 tram do mua [29]. Do d6 mat d0 tram cua tinh Quang Binh
rat thua, chi con khoang 2 tram/1.000 km?. Trong khi d6, dia hinh tinh Quang Binh dai va
hep, bi chia cit kha phirc tap, khi hau lai khic nghiét, nén mat do ludi tram khi twong nhu
hién nay méi chi dap ing mot phan nhu cau dé nghién ciru. Trong bai bao nay, dit lidu khi
tuong va dir li¢u mua tai 13 tram (Bang 1 va Bang 2) dugc thu thap trong giai doan 1988—
2018 tir Pai Khi tugng Thiy van Trung Trung Bo [29] dé thong ké va tinh toan. Ddi voi cac
dir liéu cua céac kich ban dugc 1y mién phi tir website cta Lién doan Hé thong ludi Trai dat
nhu di duoc dé cap trong phan 2.1.2 véi thoi ky co sé 1a giai doan 1986-2005, kich ban
BDKH theo cac mdc thoi gian 2030, 2050 theo kich ban RCP4.5 va RCPS.5.

Bang 1. Danh muc céc tram khi tuong.

Toa d tram Do cao tram
Tén tram Xa/Phuong Huyén/Thi xa/TP.
Kinh do Vi do (m)
Pong Hai DPong My Pong Hai 106°37° 17°29° 5,71
Ba Ddn Quang Tho Ba Ddn 106°25° 17°45 2,69
Tuyén Hoa Minh L4m Tuyén Hoa 106°01° 17053 27,06

Béang 2. Danh muc céc tram do mura.

Toa d§ tram

Tén tram Xa Huyén
Kinh d¢ Vi do
Pong Tam Thuén Hoa Tuyén Hoa 106°01° 17°54°
Kién Giang Kim Thuy L& Thuy 106°45° 17°07°

Lé Thuy Xuén Thuay Lé Thuy 106°47° 17°13°
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Toa dj tram

Tén tram Xa Huyén
Kinh d¢ Vi do
Mai Hoa Mai Hoa Tuyén Hoa 106°11° 17°48°
Minh Hoa Quy Dbat Minh Hoa 106°02° 17°47
Tén My Quang Phuc Quang Trach 106°28’ 17°42°
Trooc Phuc Trach B6 Trach 106°17° 17°35°
Truong Son Truong Son Quang Ninh 106°27° 17°14°
Viét Trung Néng Truong B6 Trach 106°31° 17°29°
Cim Ly Ngan Thay L¢ Thuay 106°17° 17°15°

3. Két qua nghién ciru va thao luin

3.1. Xu thé bién doi nhiét dé va lwong mua

3.1

Nhiét d (°C)

N
»
=)

.1. Nhiét do

Nghién ctru sir dung phuong phap phan tich xu thé Sen’s Slope két hop phuong phap
kiém nghiém phi tham s6 Mann—Kendal (MK test) v6i dir liéu 31 nam (1988-2018). Két
qué cho thay, nhiét d6 trung binh nim trén toan tinh c6 xu hudng ting khoang 0,16°C/thap
ky. Tuy nhién, & mdi tram quan trac khac nhau lai c6 mic do thay d6i khong dong nhat. Xu
thé ting manh nhat duoc ghi nhan duoc & tram Pong Hoi.
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Hinh 2. Xu thé bién d6i nhiét d6 trung binh nam (°C) tai cac tram khi twong tinh Quang Binh giai

doan 1988-2018.

3.1.2. Luong mua

Khac v6i nhiét do, lugng mua nam 1a mot dai lugng khi hau cé tinh bién dong theo cac
nam khac nhau, c¢6 nhiing nam luong mua vuot xa gia tri trung binh nhiéu nim (TBNN)
nhung ciing ¢6 ndm luwgng mua chi bang 2/3 luong mua TBNN. Nham giam thiéu nhiing anh
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hudng cia céc gia tri cyc dai va cuc tleu ctia lugng mua dén xu thé chung trong ca giai doan.
Bai bao nay phan tich xu thé thay d6i vé luong mua dya trén chudi s6 ligu quan trac dugc tai
3 tram do mua trong giai doan 1988-2018 bang phuong phap phan tich xu the va kiém dinh
Mann—Kendall. Nhin chung, trong 31 nam, luong mua nam c6 xu thé giam ¢ tt ca cac tram,
trong d6 muc giam 16n nhét ghi nhan dugc ¢ tram Ba Pon 1a —4,96 mm/nam; tram Dong Hoi
¢6 muc giam —1,735 mm/nam va thap nhat & tram Tuyén Hoa c6 mirc giam —0,057 mm/nam.

4000.0 a g 3523.0 1
Tram Tuyén Héa

ot el 2

 1023.0 4 —&—Luong mua ndm = Xu thé Sen

——Luong mua ndm = Xu thé Sen

Lwgng muwa nam (m
BoR N
g8 8 8
S S 9
© o o
Lugng mua nam (
= ™
G S
B IS
@ @
o °

500.0 523.0 4

0.0 T T T T T T T T T T T T T T T 23.0 T T T T T T T T T T T T T T T
1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

30230 9 Tram Déng H&i

2523.0 A

- Wiy W

1023.0

—&—Luong muwa ndm = Xu thé Sen

Lugng mua nam (mm)

523.0

23.0

19881990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Hinh 3. Xu thé bién d6i lvong mua ndm (mm) tai cac tram khi tugngtinh Quang Binh giai doan
1988-2018.

Pé danh gia mirc d6 tin cy cua xu thé thay do6i nhiét d6 va lugng mua, bai bao di sir
dung phuong phap kiém dinh M—K test v&i murc ¥ nghia 5% (xéac xuét gip phai sai 1am loai
1 khong qua 5%). Két qua cho thdy, nhiét d6 trung binh ndm chi ¢6 xu hudng ting & tram
Pong Héi va Ba Don véi lan luot ¢b gia tri o (p-value) 13 0,0208 va 0,0159 (o < 0,05). Trong
khi @6, tram Tuyén Hoa c6 gié tri o= 0,1769 > 0,05 nén khong dam bao db tin cay. Déi voi
lugng mua nam, khong c6 tram nao thda man diéu kién p—value < 0,05, nén chép nhén gia
thuyét Ho 14 khong c6 xu thé ting hodc giam vé lugng mua & cac tram trén. Xét vé do doc
Sen’s Slope cua dai lwong nhiét d6 trung binh nam cho thiy gia tri Sen’s Slope ctia chudi
nhiét d6 trung binh nam dat gia tri 1an luot 14 0,0208; 0,02 va 0,0125°C/nim tai Pong Hoi,
Ba Pon va Tuyén Héa. Tuy nhién, dbi voi chudi sd liéu luong mua nidm thi gia trj Sen’s
Slope cta lugng mua nam lan luot dat —1,7; —2,54 va 0,86 mm/nam tai 3 tram Déng Héi, Ba
Pdn va Tuyén Hoa.

Bang 3. Két qua kiém dinh xu thé Mann—Kendall (M—K test) nhiét d6 trung binh nim va lwong mua
nam giai doan 1988-2018.

Nhiét do Lwgng muwa

Théng s6 kiém dinh s s S S
bong Hei Ba Don Tuyén Héa Pong Héi BabPon Tuyén Héa

N 31 31 31 31 31 31
Min 24,16 23,55 23,31 1120,6 1069,9 15049
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P Nhiét do Lwgng mua
Thong so kiém dinh s s " S
bong Hei Ba Don Tuyén Héa Pong Héi BaPon Tuyén Héa
Max 25,96 25,75 24,98 27823 3297.8 3626,4
Mean 24,94 24,84 24,23 2023,8 2030 24272
SD 0,45 0,47 0,43 481,8 556,7 603,2
M-K test value (S) 159 142 80 -5 -15 5
VAR (S) 3426 3420 3421 465 464 464
Z 0,352 0,315 0,178 0,01 0,0107 —-0,0322
P—value 0,0069 0,0159 0,1768 0,9457 0,945 0,8119
Sen’ Slope 0,0208 0,02 0,0125 -1,7 -2,54 0,86

3.2. Xay dung kich ban bién doi nhiét @6 va lwong muwa

3.2.1. Nhiét do

Theo kich ban RCP4.5 (Hinh 4 a-b), vao dau thé ky, nhiét d6 trung binh nim (Tavg)
trén toan tinh c6 muc tang phd bién tir 1,1-1,4°C. Vao giita thé ky, muc ting tir 1,8-2,2°C.
Trong do6, khu vuc phia Tay cua tinh bao g(‘Sm cac huyén nhu Minh Hoa, Tuyén Hoa, mot
phﬁn huyén Bé Trach c6 muc tang 16n, co thé dat tir 2,1-2,2°C; khu vuc phia Nam tinh mtrc
tang nho hon tir 1,1-1,2°C véo dau thé ky va 1,8—1,9°C vao giira thé ky.

Bang 4. Bién d6i nhiét d6 trung binh nam so vdi thoi ky co s (°C) theo cap huyén (Gia tri trong
ngodc don 1a khoang bién d6i quanh gia tri trung binh véi can dudi 10% va cén trén 90%).

Huyén Kich bian RCP4.5 Kich ban RCP8.5
: 2016-2035 2045-2065 2016-2035 2045-2065

Tuyén Hoé 1,4 (0,9—2,0) 2,2 (1,6—2.9) 1,5(1,0—2,1) 2,5(1,7-33)
Minh Héa 1,4(0,9—1,9) 2,2 (1,6 —3,0) 1,5(1,0—2,1) 2,5 (1,8 —3,2)
Quang Trach 1,3(0,7—1,8) 2,0 (1,4—2,8) 1,4 (1,0 —2,0) 2,3 (1,6 — 3,0)
Ba Dén 1,3(0,7 - 1,8) 2,0 (1,4-2.8) 1,3(0,9-1,8) 2,3 (1,6 -3,0)
Bé Trach 1,4 (0,9—2,0) 2,2(1,5—3,0) 1,5 (1,1 —2,0) 2,5(1,8—3,1)
TP. Péng Héi 1,2(0,8—1,7) 2,0 (1,4—2,9) 1,4 (1,0 —2,0) 2,3(1,7—3,1)
Quang Ninh 1,2(0,8—1,7) 2,0 (1,3 -2,9) 1,4 (0,9—1,9) 2,3(1,6—3,1)
Lé Thay 1,1 (0,6—1,7) s1,9 (1,3-2,7) 1,4 (0,9—1,9) 2,3 (1,7-3,0)

Theo kich ban RCPS8.5 (Hinh 4¢c—d), vao dau thé ky, nhiét d trung binh nim trén toan tinh
c6 muc tang phd bién tir 1,3-1,5°C, cao nhat 13 phia Bic cac huyén Minh hoa va Tuyén Hoa.
Vao gitta thé ky, mirc ting phd bién tir 2,2-2,5°C. Trong d6, khu vuc cic huyén nhu Minh Hoa,
Tuyén Hoa, B6 Trach ting phd bién tir 2,4-2,5°C va & phia Nam 13 huyén Lé Thuy ting tir
2,2-2,3°C. Pang chu y 1a phia Bic huyén Quang Trach mic ting dao dong 2,2-2,3°C.
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Hinh 4. Bién dbi ctia nhiét d6 trung binh nam (Tavg) theo kich ban RCP4.5 (a-b) va RCP8.5 (c—d)
so voi thoi ky co sé (1986-2005).

3.2.2. Lugng mua

Theo kich ban RCP4.5, luong mwa nim c6 xu thé ting trén toan tinh, phd bién tir 3,5—
14,3% (dau thé ky) va 4-16% (giita thé ky). Cac huyén phia Nam tinh c6 mirc ting nhé hon
cac huyén phia Béc. Theo kich ban RCPS8.5, lwvong mua nim c6 xu thé ting trén toan tinh,
pho bién tir 5-17% dau thé ky. Xu thé ting manh dugc chuyén dich tir cac huyén trung tim
1én cac huyén phia Bic cua tinh véi mirc ting manh nhét c6 thé dat 17,3% gitra thé ky.
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Bang 5. Bién ddi luong mua nim so véi thoi ky co s (°C) theo cap huyén (Gia tri trong ngodc don
1a khoang bién ddi quanh gi4 tri trung binh véi can dudi 20% va can trén 80%).
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Hinh 5. Bién d6i lwong mua nim theo kich ban RCP4.5 (a—b) va RCP8.5 (c—d) so véi thoi ky co s&
(1986-2005).
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Nhin chung, theo ca hai kich ban RCP4.5 va RCP8.5 cho céc giai doan 20162035 va
giai doan 20462065, lugng mua nam tai khu vuc huyén Quang Trach, thi xa Ba Pon va phia
Nam huyén Lé Thaty luén c6 muc ting thap nhat. Theo kich ban ctia Bo Tai nguyén va Mbi
truong cong bd nam 2016, vao dau thé ky lugng mua trén dia ban ca tinh s& tang 12,8% (3,9—
20,6) va 4,2% (—1,8-10,6) ung véi kich ban RCP4.5 va RCP8.5; vao gitta thé ky lwong mua
tiép tuc ting nhanh hon cy thé tang 21,5% (11,7-31,3) va 12,1% (-0,5-25,1) tmg véi kich
ban RCP4.5 va RCP8.5. Két qua trén cho thdy, luong mua vao giita thé ky duoc dy bao s&
tang voi mac do 16n hon va kich ban RCP4.5 s€ cho muc tang 16n hon so véi kich ban
RCP8.5.

Su sai khéc giita xu thé lugng mua trong qua khir va du tinh trong twong lai c6 thé lién
quan chit ché t6i (i) xu thé giam nhe lugng mua trong quéa khir chua dam bao mirc ¥ nghia
v6i kiém nghiém phi tham s6 Mann-Kendall, (i) xu thé ting lugng mua dugc duy tinh trong
tuong lai khong nhirng phu thu¢c vao nhiéu yéu t6 khi twong khac nhung chwa duoc xem xet
nhu trudng 4m ma con phu thudc vao do bat dinh ctia mo hinh /dong luc khi hau toan cau va
khu vuc hay phuong phép hiéu chinh ha quy mé thong ké tir két qua cac mo hinh dong luc.

4. Kétluan

Két qua danh gia tac dong cua bién do6i khi hau téi nhiét d6 va lugng mua cho Quang
Binh, ciing nhu phan tich xu thé duwa trén phuong phap kiém nghiém phi tham s6 Mann—
Kendall va phan tich xu thé Sen (Sen’s Slope) da cho thay

(1) Két qua phan tich xu the trong thoi ky quan tric 1988-2018 ching t6 nhiét do trung
binh nim c6 xu hudng ting & tat ca cac tram, trong d6 ting manh nhét & tram Pong Héi va
thap nhét & tram Tuyén Hoa. Tuy nhién, mutc do sai khac nay 1a khong qua 16n. Trong khi
do, luong mua giai doan nay lai c¢6 xu thé giam ¢ hau hét cac tram. Tuy nhién, xu thé thay
d01 ve€ luong mwa khong dam bao d6 tin cay khi sir dung phuong phap kiém dinh phi tham
s6 Mann—Kendall test nén chua thé khiang dinh dugc xu thé ctia lugng mua giai doan nay.

(2) Két qua xay dung, cap nhat chi tiét cac kich ban BDKH cho tinh Quang Binh cho
thdy: nhiét do trung binh & tit ca cc tram c6 xu thé tang so voi thoi ky co so (1986-2005);
Luong mua nam theo kich ban RCP4.5 va RCP8.5 déu tang & tat ca cac tram dai dién; Theo
kich ban RCP4.5, vao dau thé ky, nhiét d6 trung binh nim trén toan tinh c6 muc ting phd
bién tir 1,1-1,4°C, lwong muwa nam ciing c6 xu thé ting trén toan tinh, phd bién tir 3,5-14,3%;
vao giita thé ky, nhiét do tang tir 1,8—-2,2°C, lugng mua c6 mirc ting phd bién tir 4-16%. Ddi
véi kich ban RCP8.5, thi vao dau thé ky, nhiét do trung binh ndm trén toan tinh c6 muc ting
pho bién tir 1,3-1,5°C, lugng mua nam c6 xu thé ting phd bién tir 5-17%; vao giita thé ky,
nhiét do c6 murc tang phé bién tir 2,2-2,5°C va luong mua c6 xu thé tang manh, muc tang
manh nhat dat 17,3%. Theo ca hai kich ban RCP4.5 va RCP8.5 cho cac giai doan 20162035
va giai doan 20462065, luong mua nam tai khu vuc huyén Quang Trach, thi xa Ba Pon va
phia Nam huyén Lé Thity ludn c6 mirc ting thap nhat.

Pong gop ciia tac gia: Viét ban thao bai bao: L.Q.C.; Chinh stra va hoan thién bai bao:
H.N.T.V.; Xay dyng md hinh va chinh stra bai bao: N.T.T.; Xt 1y s6 liéu: D.T.T.; Chinh stra
bai bao: N.b.H., T.H.Q.

Loi cam on: Bai bao nay duoc thuc hién va hoan thién nhd sy hd trg tir Dy an: Xay dung
K& hoach hanh dong tmg phé vé6i bién d6i khi hau tinh Quang Binh giai doan 2021-2030,
tdm nhin dén 2050.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
tac gia, chua dugc cong bd & dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong co su tranh chép loi ich trong nhom tac gia.
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Evaluation of climate change impacts on temperature and
precipitation for Quang Binh province
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Abstract: This paper presented temperature and precipitation changes in Quang Binh
Province in the 1988-2018 period and climate change scenarios for Quang Binh Province.
Our results showed that the annual average temperature at Tuyen Hoa, Dong Hoi and Ba
Don stations increased by 0.1°C, 0.23°C and 0.19°C per decade, respectively. Precipitation
had a downward trend at all stations; in which, the most and least declines occurred at Ba
Don and Tuyen Hoa station, respectively at 4.94 mm/year and 0.057 mm/year. In addition,
the annual average temperature tends to increase by 1.1-1.4°C and 1.9-2.2°C, respectively
during the 2016-2035 and 2045-2065 periods under the RCP4.5 scenario. Especially, the
western province shows an increase in 2.1-2.2°C; the Southern increases by 1.1-1.2°C and
1.8—1.9°C at the beginning and middle of the century. According to the RCP8.5, the average
temperature increases by 1.3—1.5°C, the increase tends to decline from the North to the
South at the beginning of the century. According to the RCP4.5, the annual rainfall tends to
increase 3.5-14.3% and 4-16% respectively, in the beginning and middle of the century,
the increase tends to decrease from the North to the South. The annual rainfall tends to
increase in the entire province by 5-17% and sharply increases from the central districts to
the northern province under the RCP8.5 scenarios.

Keywords: Climate change; RCP4.5; RCP8.5; Quang Binh.
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Tém tit: Ra da thoi tiét 1a cOng cu quan tric phuc vu déc luc cho viéc theo ddi, phat hién va
du bao sy di chuyén ciia cac ving may ddi luu c6 kha ning gy cac hién tugng thoi tiét nguy
hiém. Bai bao nay gioi thiéu phuong phap mei theo doi quy dao di chuyén cta ving mua
dong duogc phat trién dya trén phidn mém TITAN “Thunderstorm identification, tracking,
analysis and nowcasting” ¢ str dung thong tin phan héi v6 tuyén cia ra da & Viét Nam.
Nghién ctru thir nghiém ap dung cho truong hop mua dong ngay 23/9/2020 tai khu vue Tay
Bic va con dong gay mua cuc bd cho tinh Kon Tum va Bak Nong ngay 27/2/2021. Két qua
chira rang thudt toan dugc phat trién dé theo ddi quy dao di chuyén cua ving mua déng la
tuong ddi phu hop va niam bat duoc xu hudng dich chuyén cua cac ving may tir khi xut
hién dén khi tan rd. Tuy nhién duong nhu thuat toan phu hop hon véi viée theo ddi cac 6
dong don 1¢.

Twr khoa: Mua dong; Ra da thoi tiét; Quy dao.

1. Mé dau

Céc hé théng thoi tiét d6i luu nhu mua d4, dong 16¢ va 16c xody co thé gay thiét hai
nghiém trong dén san xuat va doi séng hang ngay. Vi vy viéc ndng cao kha nang dy bao thoi
tiét di luu va dua ra duoc cac canh bao thiét thyc dé giam thicu thiét hai la rat co ¥ nghia.
Vi do phan giai khong gian va thoi gian cao, hé théng ra da thoi tiét hién dai co thé cung cip
nhiéu thong tin nhu phan héi vo tuyen (PHVT), van téc xuyén tam, do rong pho,... di tro
thanh cong cu quan tric phuc vu déc luc cho cong tac du bao thoi tiét hién nay. Viéc nhan
dang va giam sat dong bio thong qua hé thong ra da thoi tiét va cong nghé may tinh tro thanh
mot ky thudt quan trong dé canh bao thoi tiét khic nghié¢t. Tuy nhién, vi¢c du bao quy dao
dong 1a rat kho, dic biét 1a ¢ cac ving nhiét d6i vi da phan dong co kich thudc nho, bién dong
manh va ton tai trong thoi gian ngan.

PHVT cua ra da thoi tiét 1a thong s6 pho bién nhét trong viéc xac dinh dong bio. Cac
nghién ctru vé x4c dinh, theo ddi va du bao dong str dung PHVT cua ra da thoi tiét da dién ra
trong nhiéu thap ky qua [1—11]. Cach tiép can don gian nhat dé xac dinh cac con dong la xac
dinh ngudng hinh anh dya trén gia tri PHVT hop 1y vé mit vat Iy. Hai phuong phap noi tiéng
dé xéac dinh, theo ddi, phan tich va du bao dong bao 13 TITAN (Thunderstorm Identification,
Tracking, Analysis and Nowcasting) [1] va xac dinh — theo ddi 6 may déng 1a SCIT (Storm
Cell Identification and Tracking) [5]. TITAN 1a mot thuat toan dy bao kiéu centroid c6 thé
xéc dinh, theo ddi va du bao hiéu qua cac 6 dong ddi luu riéng 1é nhung TITAN c6 xu hudng
cung cp thong tin nhan dang, theo ddi va du bao chwa chinh xéc trong trudng hop cac 6 dong
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day dic c6 hinh dang thay d6i nhanh chéng hodc noi cac cum 6 dong thuong xuyén xay ra.
Thuat toan TITAN ban dau st dung mot ngudng duy nhét dé xac dinh cac 6 dong. Sau do, cac
6 dong nay dugc theo ddi qua cac 1an quét ra da lién tiép bang cach sir dung phuong phép toi
wu hoa t6 hop cing voi thuit toan bo sung dé xur 1y cac chuyen dong bat thuong cla dong nhu
phan tach hodc hop nhat. Thuat toan SCIT dugc phat trién dé xac dinh, mo ta dic diém, theo
ddi va du bao chuyén dong han ngin cta cic 6 may dong. Trai nguoc véi TITAN, viée sir
dung da ngudng PHVT (30, 35, 40, 45, 50, 55, 60 dBZ) trong thuat toan cua SCIT da cai
thién dang ké hiéu suat nhan dang cac 6 may dong. Méc du SCIT du manh dé xac dinh cac 6
dong trong mot cym doéng nhung khong thé phat hién sy khoi dau hodc cac con dong co
PHVT nhé hon 30 dBZ. Nham muc dich cai thién hiéu qua cua TITAN, nam 2009, thuat toan
TITAN d3 duoc cai tién voi tén goi ETITAN sir dung da ngudng dé phat hién bao ddi luu [4].
ETITAN cai tién thuat toan TITAN ban dau & ba khia canh. Pau tién, dé xt 1y van dé hop
nhét sai khi hai 6 déng & gan nhau va dé c6 1ap cac 6 dong riéng 1¢, ETITAN sir dung phuong
phap nhan dang da ngudng. Thir hai, trong giai doan theo doi, ETITAN dé xuat phuong phap
t6i wu hoa t6 hop dua trén rang budc dong dé theo ddi cac con déng. Cudi cung, ETITAN sir
dung trudng vecto chuyén dong duoc tinh bang phuong phap tuong quan chéo dé du bao vi
tri cua cac 6 dong biét 1ap riéng 1¢. ETITAN da két hop dugc ca hai phuong phap tuong quan
chéo va phuong phap kiéu trung tim dé cai thién hiéu suat du béo.

Trong hoi thao vé dy béo tic thoi 6 déng dbi luu, [2] cho biét TITAN di duoc tmg dung
rong rii trong nhiéu hé théng du bao trén khép thé gidi, vi du nhu: Hoa Ki, Mexico, Pai
Loan, Brazil, Uc, Nam Phi,. . Gan day, phan mém TITAN cling dugc tng dung trong cong
nghé du béo thoi tiét han ngan va cuc ngan cac vung dbi luu hoat dong manh phuc vu cho
dich vu khi tugng hang khong tai Trung Quoc [8]. Két qua nghién ciru nay cho thiy da cai
thién phan nao do chinh xac du bao han ngin va du béo tirc thoi cac hién twong thoi tiét ddi
lwu khic nghiét.

Tai Viét Nam, [11] da nghién ctru tng dung phan mém TITAN dé nhan dang, theo ddi,
phan tich tirc thoi dong cho khu vyc thanh phé Ho Chi Minh. Tac gia s dung thuat toan
Tstorms2Symprod trong phan mém TITAN dé xac dinh 6 dong va sy di chuyen 0 dong trong
1 i to1 thong qua PHVT cua ra da Nha Be thoi gian thue. Nghién ctru cho thay phan mém
TITAN c6 thé nam bt duoc vi tri, huéng va van téc di chuyén, quy mo cua cac 6 dong trong
khu vuce nghién ctru.

Tuy nhién, cho dén nay phuong phap TITAN cua Dixon va Wiener van 12 mot phuong
phap phd bién nhung phan mém lién quan khé thiét 1ap va sir dung. Thuat toan dugc phat
trlen moi dé theo dbi cac 6 may dong dugc xay dung trén ngdn ngr Python dwa trén phan
mém TITAN. So véi TITAN, thuat toan méi nay duoc thiét ké don gian hon. Myc dich cua
nghién ctru 12 phat trién mot thuat toan méi dé theo ddi quy dao di chuyén cua cac 6 may déng
dwa trén nguyén ly cia phan mém TITAN va cai thién cho phu hop véi diéu kién Viét Nam.
Do vay, nghién ctru nay s€ gioi thiéu phuong phap xay dung cong cu theo ddi quy dao di
chuyén ctia ving may dong va cac thir nghiém theo ddi cac 6 may dong trong mot s6 trudng
hop mua déng xay ra tai Viét Nam vao thang 9 nam 2020. M6 ta chi tiét vé phuong phap va
cac két qua thir nghiém s& duoc trinh bay twong tng tai muc 2 va muc 3 trong nghién ctru nay.

2. Phwong phap nghién ctru

Phuong phap theo ddi cac 6 may dong lam viéc truc tiép véi ddi twong ludi Py—ART dya
trén phan mém TITAN. Phuong phap nay khong giai quyét su phan tach hodc hop nhét
nhung an toan trong viéc theo ddi chudi va khi dir liéu ra da bi phan ky do cac su kién dong.
Phuong phap méi trong nghién ctru nay str dung thuat toan N budc dé lién két cac 6 dong qua
cac budc thoi gian to va ti:

— Viéc xac dinh céc 6 dong dya trén cac ngudng toi thiéu cua dién tich 6 dong va gia tri
truong PHVT.
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— Twong quan pha duoc thuc hién trong mot viing 1an cin xung quanh mdi 6 déng dé dua
ra mdt vecto udc tinh dich chuyén. Cac udc tinh vecto dich chuyén duoc hiéu chinh dua trén
chuyén dong cua 6 dong trude do.

—Pbi véi mdi 6 dong duoc xac dinh tai thoi diém to, thuét toan s& tim kiém céc 6 dong tai
thoi diém t.

— Sir dung thuat toan Hungary dé so sanh cac 6 tiém ning va tim ra cap 6 t6i vu cudi
cung.

—Vitrid dong duoc cap nhat va théng ké lai. Cac 6 dong mai s€ duoc chi dinh chi )
nhéan dang méi.

Chuong trinh bao gdm 10 mé dun tinh toan véi cac dic diém duge mé ta trong Bang 1.

Béang 1. Cac md dun tinh todn trong chuong trinh.

STT Tén mé dun Pic diém

1 data.utils.py Thu thép va xur ly dit li¢u ra da.

Xt Iy dit liéu ra da va chuyén sang dang ludi cta img dung pyart, loc bo cac ving
¢6 phan hdi vé tuyén nho, tinh toan kich thudc 3 chiéu cua ludi.

3 helpers.py Dém va ghi lai lich sir di chuyén cua cac 6 dong.

X 1y t6i da 1000 cip dong, tinh toan khoang cach gira hai véc to, tinh toan sy
thay d6i kich thudc ving phan hoi vo tuyén, tim kiém ddi tugng, xir Iy d6 léch
khong nhat quan, hi¢u chinh d¢ Iéch, du bao va tim kiém mo rong 6 dong & thoi
diém sau,...

Ham dé quan 1y va ghi lai cac dac tinh cta dbi tuong, bao gém xac dinh tim cua
d6i trong dé gan ID, xac dinh cac tham s6 vé ban kinh, dién tich va tim cua dbi
tugng, loc bd céc dbi tuong bi tan ra, cap nhat cac dbi tugng dang ton tai va tao ID
méi cho cac ddi twong méi sinh ra, gan cac thong tin dau cudi vao tir dién cho dbi
tuong hién tai, kiém tra cic ddi tugng dong don 1é theo mot ngudng xac dinh
trude, tinh toan gia tri phan hoi 16n nhat cia ddi twong déng dung, tinh toan dic
tinh cua dbi trong cho tt ca cac d6i twong tim thay, viét ra quy dao cta 6 dong,...

2 grid_utils.py

4 matching.py

5 objects.py

phase correlation  La ham dé tinh twong quan pha, st dung dé du béo su chuyén dong giita cac 1an
.py quét.

La class chinh, cho phép theo ddi quy dao 6 dong, bao gdm cac tham sb:

— FIELD THRESH: duoc sir dung dé phat hién dbi twong. Cac déi tuong duoc
phat hién 1a cac pixel dugc két ndi trén ngudng nay

—ISO_THRESH: dugc sir dung trong phan loai 6 dong don 1¢.
—~ISO_SMOOTH: tham s6 1am min Gaussian trong tién xi Iy phat hién cuong do
phan hoi v6 tuyén dat dinh

—MIN_SIZE: Ngudng kich thude tdi thiéu tinh bang pixel dé phat hién ddi tugng
— SEARCH_MARGIN: Ban kinh ctia hop tim kiém xung quanh tdm d6i tuong
duogc du doan

— FLOW_MARGIN: kich thuéc ving xung quanh pham vi ddi tugng dé thyc
hién twong quan vé& pha.

—MAX_DISPARITY: Gia tri chénh léch tbi da cho phép
—~MAX_FLOW_MAG: D6 16n dich chuyén toan cau tdi da cho phép

— MAX SHIFT DISP: d6 16n tdi da cua su khéc biét tinh béng m/s cho hai do
léch duoc cho 1a théa man

—GS_ALT: dg cao tinh bé‘mg m dé thuc hién twong quan vé pha cho tinh toan dich
chuyén toan cau (chi sir dung chi sb nay trong truong hop dit liéu ra da 1a cuong
do PHVT)

8 visualization.py La cong cu dé minh hoa quy dao di chuyén ciia cc ddi tugng

9 setup.py Dé cai dit cac goi phan mém can thiét

10 init__.py Thong tin cac mo dun cua chuong trinh

7 tracks.py




Tap chi Khi twong Thiy van 2021, 724, 15-29; doi:10.36335/VNJHM.2021(724).15-29 18

Dé sir dung dugc goi chuong trinh nay can cai dit cac thu vién can thiét nhu NumPy,
Pandas, SciPy, Matplotlib, Cartopy, Py—ART, ffimpeg. Do vay chuong trinh ¢ cau tric don
gian, d& dang thiét l1ap va cai dit dé st dung, dit liéu lich st di chuyén cia con dong ciing
duogc luu trir dé phuc vu viée phan tich thong ké. Chuong trinh dugc viét dé xu 1y tat ca cac
loai dit liéu ra da ctia Viét Nam, co thé sir dung dé theo doi quy dao di chuyén cho turng loai ra
da riéng 16 hodc cho t6 hop cac ra da ciia Viét Nam.

Chuong trinh theo ddi 6 may dong naysé cho biét qua trinh khoanh ving, nhan dién va
theo ddi cac dam may dong. Déi v6i cac dam may dong phat trién thi & xudt hién duong quy
dao di chuyén cia dam nay. Mobi dam dong duoc ky hiéu bang mdt sé hiéu ID duy nhat. Vi
dam may dong chi xuat hién va suy yéu ngay va khong co su lién két véi cac 6 pixel 1an can
thi s€ duoc tach ra véi ID moi.

Hinh 1 13 so d6 mo ta thuat toan theo dbi quy dao 6 déng duoc str dung trong nghién ctiru
nay:

Di¥ liéu t8 hop CMAX
{dang binary, d3 loai nhidu)

¥
Boc di¥ ligu

F Y

hJ
If FIELD_THRESH »35 dBz

No

And MIN_SIZE > 20 pixel

Yes

¥
Khoanh ving © déng,

xdc dinh 1D & dbng

Tinh todn khoang cach,
kich thwdc & dong, tinh
twong quan pha

l

If SEARCH_MARGIN =10 km

And FLOW_MARGIN = 10 km No

And MAX_DISPARITY = 999
And MAX_FLOW_MAG =50 m/s
And MAX_SHIFT_DISP = 15 m/s

l Yes

Qui dao 8 dong theo 1D (sd
hiéu, vi tri, kich thwac,...)

|

Exit

Hinh 1. So d mé ta thuat toan theo ddi quy dao 6 dong.
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Nghién ctru nay da tién hanh thir nghiém chuong trinh theo ddi 6 dong cho truong hop
mua dong gdy anh hudng chu yéu toi khu vuc ty bac do ra da Pha Pin quan tric dugc vao
ngay 23/9/2020 va truong hop mua dong tai khu vuc tinh Kon Tum va Bak Nong ngay
27/2/2021 do ra da Pleiku quan tric dugc. Ngudng duoc thiét 1ap cho cac thir nghiém trén 1a
nguong phat hién dong 35 dBZ va ¢ di¢n tich tir 20 pixel trd [én.

3. Két qua thir nghiém

3.1. Thir nghiém theo déi quy dao dong véi truong hop ra da Pha Pin quan trdc dwoc ngdy
23/9/2020

Trong khoang thoi gian tir ngay 23/9-24/9/2020, do anh hudng cia khong khi lanh nén
ranh ap thép két hop véi hoi tu gid trén muc 1500 m nén & Bic Bo c6 mua vira, mua to, ¢6 noi
mua rat to va rai ric c6 dong véi luong mua phd bién 50-100 mm/24h; cac tinh Lai Chau,
bi¢n Bién, Lao Cai, Yén Bai, Ha Giang, Tuyén Quang, Thai Nguyén, Bic Can co noi trén
150mm/24h. Hinh 1 mé ta sy dich chuyén cua cac dam mdy dong dua vao thuit toan phat
trién & muc 2 cho trudng hop dong ngay 23/9/2020.
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Hinh 2. Theo ddi quy dao déng tir 00h00 (UTC) dén 09h50 (UTC) ngay 23/9/2020.

Hinh 2 cho thay s6 luong con dong ma thuat toan xac dinh dwoc 1a 398 con dong. Trong
d6 hau hét 1a cac con dong don 1é ton tai trong thoi gian ngan, xuat hién va suy yéu nhanh;
mot vai con déng c6 s6 higu 0, 31, 35, 81 va 98 c6 thoi gian ton tai lau nhat. Con dong c6 s6
hiéu 0 ton tai tr 00h00 UTC dén 01h10 UTC, con dong sb hiéu 31 ton tai tir 00h00 UTC dén
03h50UTC, con dong s6 hiéu 35 ton tai tir 00h00 UTC dén 03h20 UTC, con dong c6 s6 higu
81 ton tai tir 01h00 UTC dén 06h00 UTC, ... Quy dao cac con dong nay khong co quy luat
nhat dinh nao ca. Trong truong hop ndy, cac 6 dong nam trong hé théng may dong c¢6 quy md
rong 16m, sy dich chuyén va thay ddi cudong d6 phu thudc nhiéu vao hinh thé thoi tiét quy mé
16n chi phdi. Chwong trinh theo ddi quy dao 6 may déng trong thir nghiém nay da bat dugc
quy dao di chuyén ving may dong, nhung tinh hé théng kho c6 thé tong quat hoa duoc véi
diéu kién dit ra 1a ving may dong c6 d6 phan hoi vo tuyén trén 35 dBZ va co dién tich 1a tir
20 pixel tro 1én.

3.2. Thur nghiém theo doi quy dao dong xdy ra muwa dong cuc b¢ tai tinh Kon Tum va Dak
Nong ngay 27/2/2021

bay la truong hop thir nghiém theo doi quy dao déng cho con déng don 6 duoc phat hién
bdi hé thong ra da Pleiku c6 thoi gian ton tai ngan, con dong nay da gay ra mua rao va dong
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cho khu vuc tinh Kon Tum va Dik Nong. Dé mé phong duoc sy di chuyén ciia cac ddm may
dong do con dong nay gay ra, dit liéu ra da Pleiku tir 10h50 (UTC) dén 13h20 ngay 27/2/2021
da dugc thu thap dé dua vao tinh toan.

Hinh 3 mé ta su dich chuyén ctia cac 6 may dong tir thoi diém 10h50 (UTC) dén 13h20
(UTC) ngay 27/2/2021 v6i khoang thoi gian 1a 10 phiit mét.

pleiku-radar CMAX 2021-02-27T10:50:26Z pleiku-radar CMAX 2021-02-27T11:00:35Z
16.82 16.82
5z 5z
70 70
15.42 [ o> 15.42 65
60 60
55 55
45 a5
L 40 40
14.02 14.02
35 35
30 30
I, 25 I 25
20 20
12.62 15 12.62 15
! 10 I 10
Hlst0 106.555 107.980 109.405 110.830 M0 106.555 107.980 109.405 110.830

a. 10h50 UTC b. 11h00 UTC

pleiku-radar CMAX 2021-02-27T11:10:15Z pleiku-radar CMAX 2021-02-27T11:20:23Z

T6i82 16.82
i o8z
70 70
15.42 65 15.42 65
60 60
55 55
45 45
40 40
14.02 14.02
35 35
30 30
I 25 I 25
20 20
12.62 15 12.62 15
! 10 I 10
122 21022,
203:150 206353 107.980 109.405 110.830, 105.130 106.555 107.980 109.405 110.830

c. 11h10UTC d. 11h20 UTC

plelku-radar CMAX 2021-02-27T11:30:32Z pleiku-radar CMAX 2021-02-27T11:40:11Z
16.82 16.82
-~ BZ
70 70
15.42 65 15.42 65
60 60
55 55
s 45
40 40
14.02 14.02
35 35
[ ] 30 I 30
I 25 25
20
20 o
12.62 15 12.62 I 15
! 10 10

11.22
122
105.130 106.555 107.980 109.405 110.830 103:130; 406:535 107:980 109.405 10:930

e. 11h30UTC f.  11h40 UTC



Tap chi Khi twong Thiiy van 2021, 724, 15-29; doi:10.36335/VNJHM.2021(724).15-29

16.82

pleiku-radar CMAX 2021-02-27T11:50:19Z

15.42

14.02

12.62

11.22
105.130 106.555 107.980 109.405

110.830
g.  11h50 UTC
pleiku-radar CMAX 2021-02-27T12:10:07Z
16.82
o8z
70
15.42 - 65
“
60
55
45
40
14.02
35
30
I 25
20
12.62 15
! 10
11.22
105.130 106.555 107.980 109.405 110.830
i.  12h10 UTC
pleiku-radar CMAX 2021-02-27T12:30:24Z
16.82
o8z
70
15.42 65
60
55
45
40
14.02
35
g 30
I 25
20
12.62 15
! 10
1122
105.130 106.555 107.980 109.405 110.830

k. 12h30 UTC

pleiku-radar CMAX 2021-02-27T712:00:27Z

25

16.82

15.42

14.02

12.62

65

60

55

45

40

35

11.22
105.130

16.82

15.42

14.02

12.62

106.555 107.980 109.405

h.  12h00 UTC

pleiku-radar CMAX 2021-02-27T712:20:15Z

110.830

65

60

55

45

40

35

11.22
105.130 106.555 107.980 109.405

16.82

i 12h20 UTC

pleiku-radar CMAX 2021-02-27T712:40:32Z

110.830

15.42

14.02

12.62

11.22
105.130 106.555

107.980 109.405

1. 12h40 UTC

110.830



Tap chi Khi twong Thiy van 2021, 724, 15-29; doi:10.36335/VNJHM.2021(724).15-29 26

pleiku-radar CMAX 2021-02-27T12:50:11Z

pleiku-radar CMAX 2021-02-27T713:00:20Z
16.82

16.82

70

65
15.42 15.42

60

=]

45

40
14.02 14.02

35

30 I 30
| s
25
]
20 20
12.62
12.62 15 15
I 10
10
11.22
11.22 105.130 106.555 107.980 109.405 110.830
105.130 106.555 107.980 109.405 110.830
m. 12h50 UTC n. 13h00 UTC
pleiku-radar CMAX 2021-02-27T13:10:30Z "
pleiku-radar CMAX 2021-02-27T13:20:07Z
16.82
16.82
B8z
5z
70 L4 70
15.42 93 1572 ® 65
60 60
55 55
45 a5
40 40
14.02 14.02
35 35
30 I 30
I 25 L4 25
20 20
12.62
12.62 I 15 I 15
1o 10
11.22
11.22 105.130 106.555 107.980 109.405 110.830
105.130 106.555 107.980 109.405 110.830
o. 13h10 UTC p. 13h20 UTC

Hinh 3. Theo ddi quy dao dong tir 11h50 (UTC) dén 13h20 (UTC) ngay 27/2/2021.

Néu chi xét cac 6 may dong trén khu vyuc lanh thd Viét Nam thi Hinh 2 cho théy tai thoi
diém 10h50 UTC (ttrc 17h50 gio Viét Nam) xac dinh dugc 11 6 may dong phat trién rai rac &
khu vuc tinh Kon Tum, Dik Nong, Dik Lik va bién gigi Campuchia — Gia Lai, 6 may dong &
tinh Pak Nong 1a cac 6 dong da 6 (2 6) di chuyén cham theo hudng Tay Tdy Nam, 6 may
dong & tinh Kon Tum 1a 6 dong don 6 c6 xu hudng phat trién tai chd va it dich chuyén. Tai
thoi diém 11h00 UTC nhan thay 6 dong tai tinh Kon Tum phat trién manh hon véi 18i phan
hdi vo tuyén dugc tang cuong thém rong hon; R dong da 6 tai khu vyc tinh Kon Tum cling
manh 1én va dugc tach thanh 2 6 riéng r& véi sé hiéu 1a 0 va 1.

Tiép tuc tap trung phén tich cac 6 may dong 0, 1 va 11 tai cac thoi diém tiép theo nhan
thdy 6 may dong 11 tai khu vuc tinh Kon Tum tiép tuc phat trién manh hon tr thanh dong da
6 (4 6) lic 11h10 UTC. O déng sé higu 11 nay tiép tuc phat trién va dich chuyén theo huéng
Pong Bic gy mua rao va dong cho tinh nay, sau d6 lic 11h40 UTC ching c6 d4u hiéu tach
6 thanh 2 ddm dong c6 s6 hidu 1a 11 va 20, 16i 6 dong sb hidu 20 va 22 ¢6 thoi gian ton tai it
va sau d6 tan ra tai thoi diém 12h00 UTC, con 6 dong sé 11 tiép tuc di chuyén va ton tai thém
t6i thoi diém 13h00 UTC méi tan rd. Nhu vay véi cac 6 may dong manh, don 6 thuong co
thoi gian ton tai khoang 1-3 gio thi chuong trinh theo ddi quy dao di chuyén cta ving mua
dong nidm bat dugc kha tot.
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O cac thoi diém tiép theo 6 dong mang s6 hiéu 0 va 1 van ton tai, md rong, phat trién
manh hon va c6 xu huong dich chuyén ch@m hon theo huéng Tay Tay Nam cho dén 13h20
UTC méi c¢6 dau hiéu suy yéu va tan rd. Cac 6 may dong nay da gay mua rao va dong manh
cho cac huyén Tuy Puc, bak Song, thanh pho‘G1a Nghia v6i lwong mua phd bién 35-55
mm/3h (16h00 UTC — 19h00UTC). Tai thdi diém 11h20 UTC c6 nhiéu 6 déng nhé c6 13i
phan hoi vo tuyén manh hon 35 dBZ dugc xac dinh 1a cac 6 dong méi hinh thanh mang sO
hiéu 15 va 16, nhung chi 10 phit sau chung da yéu di va tan ra. Dén thoi diém 11h40 UTC
cac 6 dong khac tai khu vuc tinh Dak Nong da suy yéu va chi con 6 dong mang sé hiéu 1 1a
ton tai, dén 12h00 UTC vung dong 1 nay tach ra thanh 2 dam dong 21 va 23, sau d6 nhanh
chong suy yeu ‘Vung 161 dong manh cua ving dong 1 van tlep tuc ton tai voi cuong d6 phan
héi vo tuyén yéu hon so v6i cac thoi diém trude, sau do dén khoang 13h10 UTC thi tan ra.
Trong truong hop 6 dong 1 ndy thi vong doi ton tai ctia nd cung trong khoang gan 3 gio, trong
qua trinh d6 cling xay ra sy tach va nhap dong, su phat trién va suy yéu trong chinh 161 cua 6
may dong nay. Chuong trinh theo ddi quy dao 6 may dong cling ndm bét dugc xu thé dich
chuyén ciing nhu sy nhap, tich va da hiéu chinh dé ting s6 luong dam dong trong qué trinh
theo doi.

Trong truong hop thir nghiém thtr hai ngay 27/2/2021, két qua ban dau cho thiy rang
chuong trinh theo dbi 6 may déng trong nghién ctru ndy xay dung da bat duoc xu hudng dich
chuyén quy dao cua cac vung may dong tir khi xuat hién dén khi tan r, rd rang nhan dién
dugc ddu hiéu tan rd cling nhu phat trién cta ting vung mdy dong riéng ré. Chuong trinh
ciing thé hién rd tinh kha thi khi theo doi cac 6 dong phat trién cuc bd c6 kich thudc nho,
khong mang tinh hé thdng, ton tai trong thoi gian tir 1 dén 3 gio.

4. Két luan

Nghién ctru di trinh bay vé phuong phap theo ddi quy dao cac 6 miy doéng dugc phat
trién dya trén thut toan ctia phan mém TITAN. Cac ngudng duge dua ra dé xac dinh va
khoanh ving khu vuyc ciac 6 miy déng gém cic thong sé la: FIELD THRESH,
ISO THRESH, ISO SMOOTH, MIN SIZE, SEARCH MARGIN, FLOW_ MARGIN,
MAX DISPARITY, MAX FLOW_MAG, MAX SHIFT DISP va GS_ALT.

Chuong trinh theo doi 6 may déng dugc ap dung thir nghiém dé theo ddi quy dao ving
mua dong phat trién cuc bd gy ra mua rao va dong manh cho khu vuc Pik Nong va Kon
Tum vao ngay 27/2/2020 va trudng hop mua dong ngay 23/9/2020 gay anh huéng chi yéu
cac tinh thudc khu vuc Tay Bic nudc ta. Dit liéu & hai tram ra da thoi tiét Pleiku va Pha Din
dugc lwa chon dé tinh toan tai cac thoi diém thich hop twong ing véi 2 truong hop trén. Cac
ngudng duoc thiét 1ap phat hién dong 14 35 dBZ va c6 dién tich 1a tir 20 pixel tr¢ 1én. Chuong
trinh don gidn, dé cai dat, dé sir dung, khong yéu cau phai thiét lap dau vao dit liéu ra da theo
cac ludng xir Iy dir liéu mic dinh nhu phan mém TITAN. Chuong trinh dugc viét dé xir Iy tat
ca dir liéu ra da cta Viét Nam, c6 thé st dung cho riéng timg loai ra da hodc sir dung cho
mang ludi to hop céc ra da ciia Viét Nam do d6 chuong trinh duoc xay dung trén thuat toan
dé cap trong nghién ctru nay linh hoat va tién lgi hon phan mém TITAN Ia thuong chi ap
dung duoc véi timg hé thong ra da riéng 1¢.

Mot s6 két qua nghién ctru ban dau cho thay rang thuat toan theo ddi quy dao di chuyén
ctia ving mua déng duoc dé cap ¢ trén 13 twong ddi phu hop, da bat duge xu hudng dich
chuyén ciia cac viing mdy, quy dao tir khi xuét hién dén khi tan rd cta ving may. Tuy nhién
s6 lugng con dong tang 1én kha nhanh néu ngudng PHVT dugc chon la thap va co vé nhu
thuét toan phu hop hon trong viéc theo doi cac 6 dong don 1€, phat trién cuc bd. Bai bao méi
chi dumng lai ¢ viéc theo doi sy di chuyén cta cac 6  may dong, chua tap trung nghién ctru sau
vao co ché phat trién cua tung 6 may déng nguy hiém. Do d6 can phat trién dong bo thém véi
chuong trinh theo d6i 6 6 may dong 1a cac nghién ctru vé mat cit gan thang dung dé phan tich
chi tiét hod qua trinh vi vat Iy may cua ting dam may, tir 46 dy bao sy phat trién, di chuyén
clia timg 6 may dong.
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An experimental study on thunderstorm tracking using weather
radar data in Vietnam
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Abstract: Weather radar is an effective monitoring tool for tracking, detecting, and
nowcasting the movement of convection cloud areas that can cause dangerous weather
phenomena. This paper introduces the new method for thunderstorm tracking based on
TITAN software “Thunderstorm identification, tracking, analysis and nowcasting” using
the weather radar reflectivity in Vietnam. The experimental study is applied to the case of
thunderstorms that affected mainly the Northwest Region on September 23, 2020 and the
the case of thunderstorms that affected Kon Tum and Dak Nong provinces on February 27%,
2021. The results showed that the developed algorithm for thunderstorm tracking can catch
the movement of the cloud areas from the developing stage to the dissipating stage. That
algorithm, however, seems to be better for single—cell thunderstorm tracking.

Keywords: Thunderstorm; Weather radar; Tracking.
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Tém tit: Két quéa quan tric chat lugng khong khi ven duong tai Tp.HCM trong 2 nim
2017-2018, cho thiy, ndng d6 bui PM o trung binh ngdy ndm trong ngudng 25133 ug/m3
vGi 2017, ngudng 50-120 pg/m? voi 2018, tuy con dat QCVN 05:2013/BTNMT nhung van
¢ muc cao. Trong b6i canh bui min c6 thé duoc vén chuyén trén mot khoang cach khé xa,
anh huong dén stre khoe cong dong, mo hinh héa van 1a mét trong nhitng cong cu hiru hiéu
dé danh gia muc d) phat tan PMio nhiém tdi cac huyén ngoai thanh nhu Can Gio, Binh
Chanh, Nha B¢ noi mét d¢ tram quan trac gidi han. Nghién ctru ndy tng dung hé thong mo
hinh WRF/CMAQ danh gia dién bién theo khong gian, giai doan 01-15/10/2017. Thoi diém
duoc lua chon khi nong do bui PMio ¢6 tan suat ndng do cao dot bién. Trong nghién ciru
nay da st dung bo dir liéu phat thai toan cau, thuc hién budce hiéu chinh theo phuong phap
phuong phap dong nhat dir ligu gitra cac két qua quan tric va mo phong nham ning cao chat
luong mo6 phong. Céch tlep can bai bao nay cho phép mo rong pham vi ing dung cho cac
tinh thanh khac trong diéu kién han ché s6 liéu quan trac tai Viét Nam.

Tir khoa: O nhiém khong khi; Phat thai giao thong; Khi twong; PM;o; WRF/CMAQ.

1. Mé dau

Hoat dong giao thong dudng bd 1a mot trong nhitng ngudn phat thai khi doc hai va nguén
gy 6 nhiém khong khi. Theo s liéu cua Co quan Mbi trudng Chau Au, loai hinh nay la
nguyén nhan gay ra 22,4%, 39,8%, 42,7% va 16,2% téng luong CO2, NOx, CO va PMjg phat
thai trong lanh thd 27 nudc chau Au [1-2]. Tai nuéc Nga, 6 nhiém khong khi & cac thanh
phé 12 mot trong nhitng van dé nghiém trong tir cac phuong tién giao thong [3]. Giao théng
duong b & cac thanh phd ciia Nga chiém tir 40 dén 70% tong lwong khi thai 6 nhiém nguy
hiém, dic biét 1a cac chat NOy, CO, PMo [3]. Do d6, udc tinh lugng phat thai va danh gia 6
nhiém tir loai hinh hoat dong nay 1én chit lrong khong khi 13 can thiét trong khuén kho bai
toan bao vé mdi truong va mot khia canh quan trong ciia hé théng quan 1y giao thong do thi
[3-4]. Véi su tang trudng nhanh chong cua phuong tién giao thong luong phat thai khi tir
hoat dong nay dang tré thanh mot thach thie 16n ¢ Trung Quéc [5]. Hoat dong giao thong
duong bo ciia nudc nay chiém khoang 85% trd 1én muc tiéu thu ning luong va phat thai khi
nha kinh. Ciing theo nghién ciru duogc trich dan, khoang 90% luong xang va 60% luong dau
diesel duoc sir dung cho cac phuong tién giao thong dudng bo. Tébc do ting phat thai khi nha
kinh tir van tai duong bo ¢ Trung Qudc ludn vuot qua tée do ting trudng kinh té [5].

Theo bao céo gan day [6], thanh phd Hd Chi Minh hién 1a dia phuong c6 luong phat thai
khi nha kinh 16n nhit Viét Nam véi 38,5 triéu tin CO, chiém khoang 16% lwong phat thai
Tap chi Khi twong Thuy van 2021, 724, 30-45; doi:10.36335/VNJHM.2021(724).30-45  http://tapchikttv.vn/
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qudc gia, trong d6 phat thai khi tir hoat dong giao thong, van tai chiém dén 45%. Thong ké
ctia S6 Giao thong Van tai Thanh phd Ho Chi Minh cho thay, dén thang 6/2020, Thanh pho
dang quan 1y gan 8,5 tri¢u phuong tién giao thong dudng b, trong d6 motd, xe may la gan
7,8 tridu chiéc, chiém hon 95% tong luong xe [6]. Két qua quan tric chét luong khong khi
ciia S& Tai nguyén va Moi truong Thanh phd H6 Chi Minh ciing cho thiy, dén cubi nim
2020, cac phuong tién giao thong, van tai trén dia ban thanh phé, dac biét 1a xe may s& tao ra
luong phat thai 1én dén gan 17 triéu tin céac loai khi doc gdm HC (hydrocarbon), CO (carbon
monoxit) va NOx (oxit nito). Mot kich ban da thyc hién tai Tp. HCM cho thiy, néu khong ¢
bat ky hanh dong giam thiéu ndo thi dén nam 2030, lwong phét thai giao thong tai Thanh phé
H6 Chi Minh sé ting khoang 2,6 14n so v&i hién tai, ttc 1a 1én dén hon 44 tri¢u tan [6].

Céac du bao 6 nhiém khong khi do hoat dong giao thong dudng bd ludn duoc quan tAm
tr cac nha hoach dinh chinh sach. Chinh phu nhiéu nuée di tim kiém cac chinh sach hiéu
qua dé han ché nhu cau st dung niang lugng, giam phat thai khi nha kinh tir van tai duong
bd. Dé dua ra cac khuyén nghi, cac nghién ctru du bao xu huong phat thai khi cling nhu 6
nhiém khong khi trr hoat dong do giao thong dudng bé 1a can thiét [6]. Tai chau Au, sach
lwgc kiém soat phat thai duoc ban hanh nhdm giam thiéu cac tac dong nhu: ty ban chau Au
(EC) di xac dinh va dang thuc hién cac chinh sach kiém soat van tai dudong bd theo muc tiéu
giam thiéu cac tac dong. Cac chinh sach quan trong nhu: ban hanh chuan phat thai qubc gia
2001/81/EC, dé ra chuong trinh hanh dong vé mdi truong 2002-2005, xac dinh chién lugc
vé 6 nhiém khong khi COM (2005) 446, ban hanh qui dinh vé giam thiéu phat thai khi CO2
(2009) 447 [1]. Dya trén cac chinh sach nay, cac goi bién phap va sang kién da duogc ap dung
trong nhitng ndm gan day, nhu chién lugc cong dong vé giam thiéu phat thai CO, tir 0 t6 cho
khach, chuong trinh khong khi sach cho chau Au (CAFE), ké hoach hanh dong tiét kiém
ning luong, chuong trinh bién ddi khi hau chau Au (ECCP), v.v.. [1]. Cac goi nay chira cac
bién phap khac nhau nhung tao thanh mét sirc manh tong thé. Pic biét, iy ban chau Au da
diéu chinh téng phat thai chat 6 nhiém duoc tao ra hang nim va dua vao mirc tran cho PM3s.
Trong mét no luc khac, cac mé hinh phat thai dugc ap dung ¢ cac quéc gia thanh vién khac
nhau dé udc tinh dong gop cua giao thong duong bo vao tong luong phat thai. Cu thé, Ao st
dung GLOBEMI, Phan Lan st dung LIPASTO, btc st dung TREMOD, Ha Lan st dung
VERSIT+ va Thuy Dién st dung phién ban ARTEMIS duoc phat trién riéng. Tuy nhién, hdu
hét cac qubc gia chau Au (22 trong s6 27 quéc gia) su dung m6 hinh COPERT [1].

Thuec thi chinh sach phat trién kinh t& va d6 thi hoa bén viing, Trung Quoc ludn chiu ap
luc 16n tir viée can phai giam phat thai trong giao thong duong bo. Ngudn phuong tién du
kién s& ting 1én 500—600 triéu vao nam 2050, tir con sb 192 triéu vao nim 2016 1a mot thach
thirc 16n. Luong phat thai khi nha kinh tir giao thong duong bd s& chlem 12% tong lugong
qudc gia vao ndm 2030 [5]. Do su khac biét vé quy mo va trinh d6 phat trién kinh té — xa hoi,
cung xu hudng phat trién giao théng duong bo trong twong lai s& ¢ su khac nhau déng ké
gitra cac tinh. Mot s6 chinh sach ¢ cap quéc gia da duge chinh phit Trung Quéc dua ra nham
thiic day tiét kiém nang lugng va giam phat thai trong linh vyc giao thong duong bd, nhu cai
thién hiéu qua sir dung nang luong tir cac phuong tién, tang cuong sir dung phuong tién nang
lwong méi va thuc dy nhién liéu thay thé. Cling v6i chinh sach Quoc gia, tung tinh c6 dua
ra cac chinh sach cu thé luu y dén su khac biét vé dia Iy va kinh té x4 hoi. Cac nghién ctiru
nay déu dua ra cach tiép can tir dudi 1én dy béo nhu cau str dung ning luong va phat thai khi,
c6 luu ¥ t6i ting truong luong phuong tién, phat trién cong nghé méi, quing duong xe da di,
hiéu suat sir dung nhién liéu.

Tai Nga, tinh toan cho kiém ké phat thai giao thong dudng bo duoc NIIAT, Vién nghién
cru khoa hoc giao thong duong bo Nga, phat trién dwa trén cac phuong phap t1ep can
CORINAIR (chuong trinh kiém ké phat thai 6 nhiém khong khi), cac dic diém cu thé cua
loai xe co giGi va diéu kién giao théng. Trén co sé mo hinh giao thong ctia Matxcova, dif liéu
giao thong, dir li¢u vé ket xe dd duogc thuc hién tinh toan phat thai giao thong co gidi hién co
[3-4].
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Trong nhiing nim gan day, van dé 6 nhiém khong khi thu hit sy quan tim ¢ Viét Nam,
dac biét 1a cac thanh phd 16n ctia dat nudce, trong d6 c6 thanh phd HS Chi Minh [8]. Cac s6
liéu quan tric thuong ky, du chua thé phan anh thuc chit nhung ciing cho thiy thanh phé
thudng xuyén roi vao tinh trang 6 nhiém khong khi do bui [9], trong d6 ¢6 bui PMjo [10]. Cu
thé, trong 3 thang dau nam 2017 & Tp. H6 Chi Minh, ndng do trung binh PM2.5 ¢6 6 ngay
vuot qua quy chuan qudc gia (50 pg/m?) va 78 ngay cao hon so véi tiéu chuan cia WHO (25
pg/m?) [11].

Di c¢6 mot sd nghién ctru mod phong PMio, PM2.s cho pham vi thanh phé [11] hay cho
mot quan cu thé ciia Tp.HCM [10]. Diém chung ciia cac nghién ctru nay 14 sir dung cach tiép
cap tur dudi lén (bottom—up) dé xay dung dir liéu phat thai. Kho khan cta cach tiép can nay
1a viéc thu thap dau vao cho tinh toan phat thai nhu: thanh phan xe, loai dudng, cudng do
giao thong, hiéu suit cua phuong tién, loai nhién li€u, kiéu do thi, bao g@)m khu vuc c6 mat
do cao, str dung dat hdn hop rat kho khan. Thuc té Viét Nam, viéc cung cap dit liéu hoat dong
giao thong can chinh x4c, can phai cip nhat, rat khé thuc hién trong diéu kién hién nay cua
dat nudc [12—14]. Su khac nhau gitra cac nghién ctru con thé hién ¢ lwa chon mé hinh khi
twong va md hinh lan truyén chat c6 luu ¥ toi phan tng hoa hoc TAPOM (Transport and
Photochemistry Mesoscale Model) [ 10]. Trong nghién ctru [10] stt dung mo6 hinh FVM, trong
khi [11] st dung bd mo6 hinh Weather Research and Forecasting Model (WRF)/Community
Multiscale Air Quality (CMAQ).

Nghién ctru ndy dua ra cach tiép cin khac véi cac nghién ciru da co, st dung bo dir licu
phat thai tir nguon s liéu kiém ké phat thai toan cau, dugc md ta chi tiét trong muc 2, két
hop v6i bo cong cu WRF/CMAQ mo6 phong 6 nhiém PMo cho khu vuc Tp.HCM. Cac két
qua md phong ban dau duoc hiéu chinh theo phuong phap dong nhét dit liéu, dua trén bo )
liu quan tric va duoc kiém dinh lai trude khi ap dung dé mé phong su lan truyén va ham
lug)ng PMio.

2. Phuwong phap va sb liéu

2.1. Khu vuc nghién curu

Thanh phé H6 Chi Minh 1 hat nhan cta ving kinh té trong diém phia Nam, mot trong
ba ving kinh té trong diém 16n nhat nuée. Tuy chi chiém 0,6% dién tich va 9% dan sb ca
nude nhung Tp.HCM dong gop 22% GDP ca nudc. Cu thé 14 tong gia tri GDP ciia ca nudc
nam 2018 dat khoang 236.1 ty USD [15-16], trong d9, riéng quy mé GRDP cua Tp. HCM
dat 52,2 ty USD [17]. Dién tich toan thanh ph 14 2.095,4 km? duoc chia lam 19 quin va 5
huyén. Do gi¢i han nghién ctru 6 nhiém PMo nén trén Hinh 1 chi cac vi tri do khi tuong, vi
tri do chat lugng khong khi do phuong tién giao thong duoc st dung trong nghién ctru nay.

2.2. WRF/CMAQ

M6 hinh Dy bao va Nghién ctu Thoi tiét — WRF version 3.8 duoc st dung. PBay la mot
trong nhitng mo hinh dy bao thoi tiét s dwoc sir dung rong rii trén thé gidi hién nay [18—
20]. WRF dugc thiét ké dé tro thanh mot hé thdng moé phong khi quyén linh hoat, hién dai va
hidu qua trén cac nén tang dién toan song song, voi do phan giai trén pham vi tir mét dén
hang ngan km [21-22]. Cung v61 WRF, m6 hinh CMAQ ver. 5.2.1, dugc lya chon mé phong
qué trinh lan truyén PM10. Pay 1a mo6 hinh dugc Co quan bao vé moi truong My (US
Environmental Protection Agency — US EPA) xay dung va phat trién trong nhiéu ndm qua
[23-27]. CMAQ c6 kha ndng md phong cac qua trinh dong luc khi quyén phtre tap, c6 luu y
t61 phan tng hoa hoc, ling dong, c6 giao dién than thién v6i ngudi st dung [24]. CMAQ s6
hitu cach tiép can cht luong khong khi mot cach tong quét véi cac ki thuat hién dai trong
cac van dé méi duoc luu ¥ nhu khi 6z6n trén ting di luu, doc t6, bui min, ling dong axit,
suy giam tam nhin. CMAQ con 1a mot cong cu hd trg quyét dinh quan trong dugc st dung
dé giup hiéu cac qua trinh hoa hoc va vat 1y lién quan dén suy thoai chat lugng khong khi va
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phat trién chinh sach giam thiéu tac hai ctia 6 nhiém khong khi ddi véi st khoe con nguoi
va moi truong trén toan thé gigi [28-30]. PO phén giai va kich thudc mién tinh c6 thé khac
nhau mot vai bac theo khong gian va thoi gian. Tinh mém déo theo thdi gian cho phép thuc
hién cdc mo phong nham danh gia dai han cua cac chat 6 nhidm (trung binh khi hau), hay lan
truyén ngan han mang tinh dia phuong, dic biét di dugc ap dung thanh cong tai nhiéu nude
trén thé gidi trong d6 co khu vuc chau A [29, 31-34].
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Hinh 1. Ban d6 Tp. HCM — d6i tuong nghién ctru ciia bai bao cting cac vi tri quan tric chat luong
khong khi va khi tuong.

Mién tinh todn mé phong 16ng nhau ba cap D01, D02 va D03 duoc thiét lap trong mo
hinh WRF-CMAQ (Hinh 2), trong 6 mién tinh D01 c6 do phan giai khong gian xap xi 30,43
km x 30,43 km 13 mién tinh 16n nhit, v6i 76 cot va 94 hang, dién tich mién DO1 khoang
~5,41x106 km?; mién tinh D02 c6 d6 phan giai khong gian xap xi 9,55 km x 9,55 km 1a mién
tinh thir 2 1dng trong mién tinh D01, v&i 55 ¢ot va 3 hang, dién tich mién D02 khoang
~2,11x105 km? va mién tinh D03 c6 d6 phan giai khong gian xap xi 3,14 km x 3,14 km 1a
mién tinh nho nhat léng trong 02 mién tinh DO1 va D02, v&i 55 cot va 49 hang, dién tich
mién D03 khoang ~2,64x104 km?. Cac thong sb k¥ thuat ctia cac mién tinh toan D01, D02
va D03 duoc trinh bay trong Bang 1 bén dudi. Mién tinh D01 bao phu hét toan bo Viét Nam;
mién tinh D02 bao gom hau hét cic tinh phia Nam, bao gdm cac tinh Pong béng song Cuu
Long, Pong Nam B, mot phan cac tinh Nam Trung Bo va Tay Nguyén va mién tinh D03
bao phu toan bd Tp. HCM cung mot phan céc tinh giap ranh Bén Tre, Binh Duong, Binh
Phudc, Binh Thuan, Ba Ria—Viing Tau, Dong Nai, Lam Dong, Long An, Tay Ninh va Tién
Giang (Bang 1), day 1a cac khu vuc c6 thé ¢6 anh hudong déang ké nhat ddi véi khu vuc nghién
ctru. Céc diéu kién bién cua D02 va D03 duoc xac dinh theo DO1.

Bang 1. Mién khong gian tinh toan cho hé théng mé hinh hoa WRF-CMAQ.

Théng sb Mién tinh D01 Mién tinh D02 Mién tinh D03
Pham vi mién tinh Toan by Viét Nam  Cac tinh phia Nam  Tp. HCM va céc tinh phu
Viét Nam can
Kich thudc khong gian 2.312,68 x

X [km] x Y [km] 2.860.42 525,25 x 410,65 172,70 x 153,86
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Théng sb Mién tinh D01 Mién tinh D02 Mién tinh D03
S6 nut ludi tinh
Ny * Ny 75 x93 54 x 42 54 x 48
Tong 56 6 lui tinh 7.144 2.365 2.695
Kich thude 6 ludi (km) 30,43 9,55 3,14
Toa d6 tAm mién (13,3826°; (10,1195°; o .
, 104,969°) 105,955°) (10,937 106,953°)
H¢ toa d¢ thiét lap Asia Lambert Asia Lambert Asia Lambert
. ) Conformal Conic Conformal Conic Conformal Conic
Loai mién tinh thiét lap The nested The nested The nested modelling
modelling domain ~ modelling domain domain

Quiln dig Hoing Sa

Tp. HCM §
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Hinh 2. Ludéi D1, D2, D3 dugc st dung chay WRF/CMAQ.

Xay dung dir 1iéu phat thai la mot budc quan trong trong cac nghién ctru mé hinh héa 6
nhiém khong khi. Hién nay, trong linh vic nay c6 hai cach tiép can, d6 1a tir dudi 1€n (Bottom—
up) va tir trén xudng (Top—down). [4] da dua ra didc trung ting cach tiép can, phan tich uu va
nhugc diém. Theo d6 cac mo hinh phat thai, lan truyen chat theo cach tiép can “bottom—up”
cho phep cung cap dir liéu phat thai cic chat 6 nhiém tir cac phuong tién co gioi quy mo
duong phb. M6 hinh loai nay cho phép tinh toan dua trén khao sat toan dién vé ciu trac cta
cac ludng giao thong, sau do dua ra danh gia sy phan b6 cua cac chat 6 nhiém trong ving lan
can cac con dudng. Mot sé6 mo hinh dién hinh sir dung céach tiép can nay 1a mo hinh CAR—
FMI [35], CALINE 4 [36], OSPM [37]. Nhém mé hinh phat thai, lan truyén chét di theo cach
tiép can “fop— —down” hudng t61 xac dinh luong phat thai cua cac chat 6 nhiém chinh trén quy
mo vung hoac quoc gia, dya trén thong tin thong ké vé thanh phan loai xe, nhu san pham
duogc sir dung ¢ nhiéu nudc chau Au: COPERT IV [1, 2, 38].

Nghién ctru nay sir dung bo dit liéu phat thai tir ngudn so lidu kiém ké phat thai cho toan
cau ECCAD (Emissions of atmospheric compounds and compilation of ancillary data)
(https://eccad3.sedoo.fr/) gdm cac bo dir lidu phat thai nhan tao (Anthropogenic emissions)
CAMS-GLOB-AIR, CAMS-GLOB-ANT, EDGAR (HTAPv2) va cac bd dir licu phat thai
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tu nhién (Biogenic emissions) CAMS-GLOB-BIO, MEGANV2 dudi gia tri thong luong
(kg.m2s7") dugc xdy dung boi Trung Tam giam sat khi quyén Copernicus (CAMS) [39],
Trung tim Nghién ciru lién két Vién Mbi truong va Bén viing Ispra, Y [40] va Phong Thi
nghiém CNRS — Paris, Phap [41].
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Hinh 3. Céc budc tao bo dir liéu phat thai.
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Céc budc tao bo dit liéu phat thai trong bai bao nay dugc thé hién trén Hinh 3, gom 2
budc chinh: chuan bi dit liéu (khoi bén tréi) va xir ly dit liéu (khoi bén phai). Budc chuén bj
gom tai cac b dir lisu: CAMS-GLOB-ANT, EDGAR (HTAPv2), MACCity—anthro, trich
Xuat dir liéu giao théng duong b EMIS-TRA, c6 luu y t6i cac chit hoa hoc lién quan. Bude
tiép theo trong khéi xtr Iy dir liéu 1a phan bd phat thai theo khong gian trén mién D03 va tao
time series phat thai theo gio trong ngay.

2.3. Hiéu chinh va kiém dinh CMAQ

Trong bai bao nay, dé thyc hién hiéu chinh két qua moé phong ban dau, phuong phap
ddng nhat dir liéu (fusion data) gitra cac két qua quan tric va céac ket qua mo6 phong dugc
thuc hién [42-43]. Thuc hién dong nhét cac truong (field) dir liéu ndng do bang cach nodi suy
cac két qua mo phong trich xuat theo gid t (hourly) da dugce chuan héa nham wéc tinh sy thay
d6i theo thoi gian va két qua m6 phong udc tinh su thay d6i theo khong gian. Dya trén cac
dir liéu chuan héa nay sé tién hanh ngi suy khong gian theo phuong phap IDW (Inverse
Distance Weighted—IDW). Cong thirc (1) udc lugng hai tham s6 hdi quy o va B phan anh
phuong trinh twong quan duoc sir dung dé hiéu chinh két qua mo phong tir CMAQ nhu sau:

CMA Qx,Corrected = aCMA Qxﬂ ( 1 )

Trong d6 CMAQx la nf)ng d6 PM10 ban dau tir két qua cua m6 hinh CMAQ tai vi tri
tram quan trac x vao thoi diém cu thé t (gid); CMAQx, corrected 2 nong d6 PMo da duoc hiéu
chinh gan vai két qua thuc do tai vi tri tram quan tric x vao thoi diém cu thé t (gid) va o, B
1a cac hé sé cua phuong trinh trong quan sir dung dé hiéu chinh.

2.4. Tiéu chi kiém dinh mé hinh
Chi s6 danh gia trong nghién ctru nay 13 hé s6 Nash—Sutcliffe (NSE) (cong thirc (2)).

N

Z (Mi - Oi )2
NSE(Nash) =1-———— )
Z (01 - Oi )2

Trong d6 M. 1a két qua ndong d6 PMip mé phong bang mé hinh két hgp WRE/CMAQ;
O la két qua néng do PMjo tir 04 tram quan tric tai cac khu vuc quan/huyén cua Tp. HCM;
51. 1a két qua quan tric PMo trung binh tir cac tram quan tric tai khu vuc nghién ctru va N 1a
kich thudc mau kiém dinh.

2.5. So do cdc bude thuce hién

Hé théng md hinh dugce st dung trong bai bao nay két hop 3 thanh phan chinh: M6 hinh
WREF, dir li¢u phat thai va mé hinh CMAQ. i

So d6 tém tat toan b quy trinh chay mé phong dugc thé hién & Error! Reference source
not found., c6 tham khdo cac nghién cuu [23-24].
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Dir liéu khi tuong: WRF CMAQ
Dir li€u khi tugng tir Dir liéu dia hinh
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1 A/ CMAQ Chemistry-

i Transport Model
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Hinh 4. Quy trinh thuc hién.
3. Két qua va thao ludn

3.1. Hiéu chinh va kiém dinh WRF

Dé dam béo d chinh xac cia két qua mo phong PM10, viée higu chinh va kiém dinh
WREF cén thiét. Trong bai bao, ké thira két qua hiéu chinh m6 hinh WRF cho khu vyc thanh
pho HO6 Chi Minh [44]. K&t qua hiéu chinh da tim ra bg thong s6 duogc chi ra trong Bang 2.

Bang 2. Gia tri ciia bo thong so trude va sau hi€u chinh.

Théng s6 hi¢u chinh Trudce hiéu chinh Sau hiéu chinh
mp_physics 3 4
sf surface physics 2 3
bl pbl physics 1 99
cu_physics 1 99
cudt 5 0
damp opt 0 3

Buage kiém dinh mé hinh WRF sau budc hiéu chinh duge thuc hién dya trén s liéu thyuc
do Ve khi twong trong thoi gian 1-15/10/2017. Két qua dugc thé hién trén Bang 3 cho thiy
yéu t6 nhiét do va van tc gio dat yéu cAu, riéng hudng gi6 chua co duoc sy phu hop gitra do
va két qua chay md hinh. Trén thyc té, nhom tac gia chap nhan sai sb nay.

Bang 3. Két qua kiém dinh khi tugng mo hinh WRF.

A V 1-15/10/2017 Ngwdng cho phép
Thong s Nha Bé Tan Binh
OBS 303,05 304,28
PRE 302,25 302,19
T (°K) MB -0,8 -2,09 <+-0,5
RMSE 1,35 1,97 <2
R? 0,87 0,7
OBS 1,86 3,42
PRE 2,28 2,41
Van toc gio (m/s) MB 0,42 -1,01
RMSE 1,34 1,70

R? 0,52 0,51
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n I 1-15/10/2017 Ngudng cho phép
Thong s0 Nha Be Tan Binh
OBS 290,54 132,63
Huéng gié (°) PRE 132,82 123,72
MB -157,72 —8,91 <+-10
RMSE 160,21 25,10

3.2. Hiéu chinh va kiém dinh CMAQ

3.2.1. Hi¢u chinh

Phuong trinh hiéu chinh dugc thiét 1ap theo cong thure (1) tur két qua mo phong nong do
PM10 bang md hinh WRF/CMAQ ban dau s& duoc trich xudt gia tri ra tai 04 tram quan tric
PMI10 tir hoat dong giao thong trong thanh phd, tram DOSTE, TN, HB va BT vao thoi diém
do dac luc 15 gio ciia 04 ngay sau 06/10/2017, 10/10/2017, 11/10/2017 va 13/10/2017 (Bang
4). Két qua méd phong duoc so sanh va tuong quan vdi gia tri thue do dé tim mdi quan hé va
hi¢u chinh cho phu hop voi nong do thye té theo nhu cong thirc (1). Phuong trinh hiéu chinh
nong d6 PM o (md phong ddi voi ngudn phét thai giao thong) duoc thiét 1ap véi o = 1,2393
va 3 =0,9567 (0 < B < 1), phuong trinh c6 dang nhu sau:

y = 1,2393x%957 (véi R2= 0,9219)

)

Bang 4. Vi tri cic tram quan tric PM10 tir hoat dong giao thong tai khu vye Tp. HCM.

Tén Phwong thirc . Nim bit dau Thong 50, tan
Vi tri < Loai tram <
Tram : quan trac : quan trac suit quan tric
DOSTE  Tuyén duong gankhu  Quan tric thu Giao thong 2000 NOx, SO2, O3,
vuc S& Khoa hoc va cong gian (Ven duong ndi CO, PMio
Cong nghé Tp. HCM doan thanh — truc (tr 2013 — NOo,
xuyén tdm Dong CO, TSP, PMio)
Béc — Tay Nam)
TN Tuyén duong gan khu ~ Quan tric thu Giao thong 2002 NOx, SOz,  CO,
vuc Bénh vién Théng cong gian (Ven duong ndi PMio
Nhat doan thanh — truc (tr 2013 — NO3,
xuyén tim Tay CO, TSP, PMio)
Bic — Dong Nam)
HB Tuyén duong gan khu ~ Quan tréic thu Giao thong 2000 NO,, 03,  CO,
vuc Truong THPT Hong cong gian (Ven duong ndi PMio
Bang, Quan 5, Tp. HCM doan thanh — truc (ttr 2013 — NOo,
xuyén tam Pong CO, TSP, PMio)
Béc — Tay Nam)
BT Tuyén duong gan khu Quan tric thu  Giao théng (Ven 2002 NOx, CO, PMio
vuc Phong Gido duc va cong gian duong clra ngd (tr 2013 = NO»,
Pao tao quan Binh Téan doan Tay Nam) CO, TSP, PMio)
Phuong trinh twong quan giita ndng d6 quan tric va mé phong
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Hinh 5. Phuong trinh twong quan hiéu chinh xac dinh cac hé sé o va B.
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Trong d6 Y 1a gia tri PMo gan vé6i gia tri thyuc t& X 1a gia tri PMjo mo phong tix
WRF/CMAQ ban dau. Duya trén bg s ligu thuc do theo timg ngay, dugc lwa chon lac 15 gio
cia 04 ngay c6 quan trac (06/10/2017, 10/10/2017, 11/10/2017 va 13/10/2017), xay dung
dugc hé s6 a va f trung binh sy chénh 1énh gitra thuc do va két qua md hinh hoa theo 04 ngay
do. Nhu vay, ddi voi nhitng ngay c6 s6 liéu do dac, 14y nong do PMio tr CMAQ * ti 1¢ chénh
I&ch trung binh cta ngay tuong tmg. Nhitng ngay khong c6 s liéu do 1y nong do6 PM tir
CMAQ * ti 1& chénh 1éch trung binh ctia ngdy c6 do gan n6 nhat.

3.2.2. Kiém dinh

Két qua mo6 phong nong do PM10 tir phat thai giao thong cho khu vuc Tp. HCM bang
WRF/CMAQ duoc Xuét ra tai 04 tram quan tric giao thong do thi, gém tram DOSTE, TN,
HB, va BT vao thoi diém luc 07 gio sang ctia 1an luot 04 ngay trong ntra dau thang 10/2017
c6 do dac thong sO PMio, bao gdém ngiy 06/10/2017, 10/10/2017, 11/10/2017 va 13/10/2017
(Bang 5). Két qua kiém dinh dua trén cac chi sd thong ké (cong thure (2)) dé danh gia kha
ning md phong ciia md hinh WRE/CMAQ va mdi twong quan gitta két qua mé phong, do
dac ciing duogc thé hién trong hinh Hinh 6 bén dudi.

Bang 5. So sanh ndng d6 PM10 quan tric va mo phong bang mé hinh WRF/CMAQ tai cac vi tri do
(lac 7 gio sang).

Nong dd mé phong  Nong do do tai

Ky Toa d9 vi tri c,z'lc tram Thoi 'diém quan ba‘ing mo hinh CZ’IC,Vi tri quan
Ay quan triac trac, (gio) WRF/CMAQ, tric, (ng/m3)
hi¢u 3
(ng/m°)
X (m) Y (m)
7h00, 06/10/2017 90,97 94
7h00, 10/10/2017 88,50 87
DOSTE 684.953,11 1.192.224,29 7h00. 11/10/2017 89,17 90
7h00, 13/10/2017 91,27 92
7h00, 06/10/2017 89,92 90
7h00, 10/10/2017 92,16 95
TN 681.254,05 1.193.464,28 7h00. 11/10/2017 9141 9
7h00, 13/10/2017 90,02 89
7h00, 06/10/2017 79,73 79
7h00, 10/10/2017 80,93 82
HB 682.074,65 1.189.519,18 7h00. 11/10/2017 86,21 ’7
7h00, 13/10/2017 91,87 93
7h00, 06/10/2017 90,49 91
7h00, 10/10/2017 90,93 92
BT 676.276,50 1.186.500,89 7h00. 11/10/2017 98,60 100
7h00, 13/10/2017 93,10 96

Chi s6 Nash—Sutcliffe (NSE) tai cac tram HB & mirc t6t v6i su trong quan cao NSEpg =
0,968 (NSE > 0,8), tram BT dat ¢ mirc kha voi NSEgr = 0,768 (NSE > 0,7). Chi s6 Nash —
Sutcliffe tinh toan d6i véi 02 tram con lai 1a DOSTE va TN chi & mire dat (0,5 <NSE <0,7),
1an lugt 1 NSEposte = 0,528 va NSE = 0,551.

3.3. M6 phéng 6 nhiém PMy tai Tp.HCM

Ban d6 phan bd bui PMio tai khu vire nghién ctru dugc xay dung bang cong nghé ArcGIS
dua trén két qua chay WRF/CMAQ, sau budc dugc hi€¢u chinh va kiém dinh duoc thé hién
trén Error! Reference source not found., Error! Reference source not found.. Két qua mo phong
cho thay khu vuc ¢6 nong do PM o cao thuong tap trung & mot sé quan, huyén noi thanh ciing
nhu cic huyén phia Nam ctia thanh phdé H6 Chi Minh. Nong d6 PM trung binh dao dong tir
50,0~126,2 pug/m? tai cac huyén Cu Chi, Hoc Mon va quan Binh Tan, Tan Phu, quan 9 1a
nhirng khu vuc co néng do thép hon tir 23,4-79,5 ng/m3. Khu vuc Can Gio, Binh Chanh,
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Nha B¢ lai ¢6 ndong do PMio cao hon so v6i cac quan, huyén khac véi nong dd PMjo trung
binh dao dong tir 110,1-148,2 png/m3. Cac quan huyén noi thanh (gdm quan 1, quan 10, quan
3, quan 4 va quan 5) c6 ndng do PM o dat trung binh, dao dong tir 32,3-91,4 ug/m3 Nong d6
PMo trung binh ngay dao dong tir 71,6-98,9 pg/m? va thip hon so véi GHCP ciia QCVN
05:2013/BTNMT. Mot s6 thoi diém nhu lac Oh, 7h, 15h va 19h mét s6 noi tai huyén Can
Gid c6 ndng d6 PMio cao (> 250 ug/m3) do anh hudng bdi sy lan truyen theo hudng gi6 chu
dao cua thang 10 1a tr Dong Bic thoi xudng khu vyc phia TAy Nam. Nong d6 bui PMo phan
tan theo dién bién cua cac didu kién khi tuong 16p bién trong 15 ngay nira dau thang 10/2017
mo phong tir md hinh WRF da duoc kiém dinh.

Tram quan tric DOSTE Tram quan tric TN
96 96
(a) (b)
94 94
92
90 92
88 90
86
A - A . A 2 < 88
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Hinh 6. Két qua so sanh ndng do PMo v&i sb liéu thuce do cta 04 tram quan tric (tir hinh (a) d&én
hinh (d)).
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Hinh 7. Ban d6 phan bé ndng d bui PMio do ngudn thai giao théng mod phong luc 7 gio, 1—
15/10/2017, tir hinh (a) dén hinh (m).
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Hinh 8. Ban d6 phan b6 ndng d6 bui PMio do ngudn thai giao thong mé phong luc 15 gid, 1—
15/10/2017, tir hinh (a’) dén hinh (0°).

4 Két luan

Bai bao nay trinh bay két qua img dung WRF/CMAQ mé phong 6 nhiém bui PM; cho
khu vuc Tp.HCM, céc két qua chinh cua bai bio gdm:

Thik: nhat, thyc hién budc higu chinh va kiém dinh m6 hinh WRF, dya trén bo s6 liéu
thyc do tai 2 tram trong khu vue nghién ciru. Cac thong s6 nhiét do, van toc gi6 va hudng gio
dugc lya chon cho myc tiéu nay. Két qua trong Bang 3 cho thay yéu to nhiét do va vén toc
gi6 c6 mirc do sai léch giita md phong va thuc do dat yéu cau theo chi s6 RMSE (root—mean—
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square deviation), R%, MB (Mean bias), nhiét do chénh léch tir 1,35 dén 1,97°K, van tbc gio
tir 1,34 dén 1,7 m/s. Riéng hudng giod sai s6 16n hon, c¢6 d6 chénh 1éch tir 25 dén 160°.

Thit hai, thuc hién cac budc hiéu chinh va kiém dinh két qua chay mé hinh CMAQ dua
theo phuwong phap dong nhat dir liéu. BO s lidu dugc sir dung dé hidu chinh, kiém dinh dugc
thyc hién tai 04 tram quan trac giao thong trong khu vuc nghién ciru. b tin cdy mé phong
bui PMio cho loai nguén thai giao thong dugc danh gia dya trén cac chi 5O thong ké cho thay
02 trong s6 04 tram quan tric c su twong quan cao véi NSE > 0,7 va trong s6 02 tram con
lai mure d6 tuong quan 1a co thé chap nhan dugc NSE > 0,5.

Thit ba, ciing 1a két qua chinh ciia nghién ctru nay, da tmg dung WRF/CMAQ md phong
chit lugng khong khi PMjo cho toan bd khu vuc Tp. HCM cho 15 ngay dau tién 1—
15/10/2017. Két qua da duoc thé hién dudi dang ban do cho 2 thoi diém 7, 15h trén cac Hinh
7, 8 — cac thoi diém c6 mat do xe ¢d tuong ddi dong dtc. Co thé théy, su phan tan néng do
bui PMo trong khu vuc chiu sy anh huéng rat 16n béi cac yéu to khi twong 16p bién cua thoi
diém mé phong (hang gio) dién ra trong ngay. Thoi diém nira dau thang 10/2017 cho thy c6
dén 80% cac thoi diém hudng gid chu dao la hudng Tay va Tay Bic voi van toc cuc dai ¢6
thoi diém dat 3,2 m/s tac dong truc tiép dén hudng chuyén dich ctia bui PMjo. Nong do 6
nhiém c6 xu huéng phan tan, chuyén dich manh tir cac khu vuc quan ndi thanh, trung tdm
Tp. HCM nhu quén 1, quan 3, quan 4, quan 5, quan 10 va quan 11 sang cac huyén ngoai
thanh ctia Tp. HCM gdém Can Gio, Binh Chanh, Nha Bé doc theo huéng gié Tay Bac — Dong
Nam trong sudt thoi gian tinh toan. Pong thoi, nhitng thoi diém c6 ndng d6 cao thudng tap
trung vao nhitng gio' cao diém nhu 7h, 8h, 15h va 19h déu 14 thoi diém phuong tién giao
thong rat dong duc.

Két qua ciia dé tai 1a co s cho cac nghién ctu tiép theo nhu 1am rd tac dong ctia phat
thai giao thong duong b ciing nhu cac yéu td khi twong toi sy phan bd cac chat nguy hiém,
dac biét la PMo, PM3s.

DPong gop cuaa tac gia: Xay dung y tuong nghién ciru, vach ra so d viét ban nhap, chinh stra
ban thao: B.T.L.; X1 1y s0 li€u, chay m6 hinh WRF/CMAQ, vi¢t ban thdo: N.C.M.D.; Xt ly
GIS: N.H.P.

Loi cam on: Nghién’cfru néy,duqc tai tro mot phﬁn tir dé tai khoa hoc va cong nghé cép Bo
2017-2019 theo quyét dinh s0 1219/QD-BTNMT ngay 19/5/2017. Nhom tac gia xin bay té
su cam on tran thanh t¢i B va Ban chu nhiém chuong trinh.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Abstract: Results of roadside air quality monitoring in Ho Chi Minh City show that only
in rarely cases, in January, March, July and October 2017, the average daily PMio
concentration is close to the permissible limit of standards, most of the remaining cases are
73-96 ug/m3. In the context of particulate matter (PM) that can be transported over long
distances, affecting public health, modelling remains one of the most economical options
for assessing the extent to which it affects remote areas where there are no monitoring sites.
This study applied the WRF/CMAQ coupled modelling system to assess spatial
developments and trends over time, in the period October 1 to 15, 2017. The time is chosen
when the PMio concentration has an exceptionally high concentration frequency. The
novelty of this study compared to published papers is to use global emissions data as well
as perform the calibration step according to the data fusion method between the monitoring
results and simulation results to improve simulation quality. This approach allows to expand
given study to other cities and regions in the context of limited monitoring data in Vietnam.

Keywords: Air Pollution; Road transport emission; Meteorology; PMio; WRF/CMAQ.
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Tom tat: Mo hinh mang Bayes (Bayesian Networks) 1a m6 hinh tng dung ly thuyét xac
suat biéu dién mdi quan hé nhan qua giita cac dir lidu, dic biét 1a cac dir liéu khong chac
chan. Trén thé gii, mé hinh mang Bayes di dugc g dung trong nhiéu linh vyc nhu y té,
ngon nglt hoc, sinh hoc, moi truong... va thiy van va tai nguyén nudc. Muc tiéu cua bai bao
nay la ing dung thir nghiém mé hinh mang Bayes trong danh gi4 cac yéu té anh huong dén
dién bién cira song (tap trung phan tich bién thién do rong ctra séng). Két qua nghién ciru
cho thay, niang luong song c6 vai tro anh huong dang ké dén bién thién ctra song Da Dién,
dic biét 1a giai doan tir thang 1 dén  thang 4 va giai doan tir thang 10 dén thang 12 hang ndm
la cac giai doan gi6 mua Dong Bic chiém uu thé. Giai doan tir thang 5 dén thang 9, cura
song Pa Dién c6 sy 6n dinh hon va khong thiy rd duogc su tac dong vuot trdi cua yéu to nao
trong giai doan nay. Céc két qua ctia nghién ciru nay phu hop vdi cac nhan dinh trude d6 vé
ctra song Pa Dién va cho thdy kha niang ung dung linh hoat cia mé hinh mang Bayes vao
nghién ciru vé danh gia cac yéu té anh huong dén dién bién cira song noi riéng va trong linh
vuc khi tugng thiy van noi chung.

T khoa: Mang Bayes; Ctra song Pa Dién; DJ rdng cira song; Xac suat co dicu kién.

1. Mé& dau

Mang Bayes (Bayesian Network —BN) 1a mo hinh d6 hoa x4c suat d¢é biéu dlen kién thirc
Vé mién khong chéc chan trong d6 moi nut cua mang tuong Ung voi mot bién ngau nhién va
m01 canh biéu thi x4c sut c6 diéu kién cho cac bién ngau nhién tuong tng [1]. M0 hinh nay
xudt hién tir nghién ctru tri tué nhan tao va da dugc ap dung cho nhiéu van dé, tir phan tich
van ban [2], dén cac van dé trong chan doan y té [3] va danh gia bang ching khoa hoc [4] va
ngay cang duoc sit dung nhiéu hon trong quan 1y va 1ap mé hinh giam sat va quan 1y tai
nguyén va moi truong [5-8].

Pearl phat biéu rang mang Bayes 1a m6 hinh dd hoa chira thong tin vé m01 quan hé xac
suat nhan qua gitra cac bién va thuong duoc sir dung dé hd tro viéc ra quyét dinh [9]. Cac
moi quan hé xac suit nhan qua trong mang Bayes co thé dugc hinh thanh béi dit liéu sin co,
str dung dinh luat Bayes hodc dugc dé xuat boi cac chuyén gia. Cau tric phy thudc giita cac
bién duogc biéu dién bing cac nut (md ta cac bién) va cac canh c6 hudng (mé ta cac mdi quan
hé diéu kién) dudi dang mot d6 thi xoay chiéu c6 hudng (Directed Acyclic Graph—DAG).
Céc nat dugc coi 1a c6 quan hé “cha me—con cai” dya trén sy phu thudc va hudng cua céc
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canh lién két trong mé hinh mang. Néu nut trén mang khong co canh lién két dén hay duoc
goi 1a khong c6 nut “cha me” anh hudng (bién khong phu thudc) thi nat d6 c6 mot phan phbdi
X4c sudt ng?tu nhién. Nguoc lai, néu nit “con” ¢co sy phu thugc vao mét hay nhiéu nat “cha
me” thi n6 c6 mot phan phdi xac suét c6 diéu kién cho mdi td hop cac gia trj c6 thé cua “cha
me”.

C6 hai thanh phan lién quan dén viéc hoc mot mang Bayes: (i) hoc cAu trac (structure
learning), bao gdm viéc xac dinh mét DAG m6 ta t6t nhat cac moi _quan h¢ nhén qua gitra
cac nut trong mang va (ii) hoc tham s6 (parameter learning), bao gdm viée tim hiéu vé cac
phan phéi xdac sudt c6 diéu kién dira vao dit liéu cia ting bién [10]. Pinh 1y Bayes mé ta phan
phéi xac suét c6 diéu kién nhu sau:

P(B|A)P(A)
P(AIB) = =5 M

Mang Bayes sir dung xdc suit 1am thudc do do khong chéc chén cua bién: Niém tin vé
gia tri cta cac bién duge biéu thi duéi dang phan phdi xac suat va do khong dam bao cang
cao thi phan bd xac suit cang rong. Khi thong tin tich lay, kién thirc vé gia trj thuc cua bién
thuong tang 1én, tic 13 d6 khong chac chin cia gia tri giam di va phan phdi xac suat ngay
cang thu hep [11].

Trén thé gidi, cac nghién ciru img dung mang Bayes trong linh vyc thiy van va tai
nguyén nudc dugc phat trién v6i da dang cac bai toan. Nho kha ning ap dung linh hoat phuc
vu ra quyét dinh, moé hinh mang Bayes duoc 4p dung phd bién vao hd trg quan 1y tong hop
tai nguyén nuoc [12-14]. Bén canh do, cac nghién ctru ap dung mang Bayes cho thay kha
nang két hop gila cac yéu t6 thity van, thty luc, kinh té v6i cac yéu td xa hoi thong qua céac
viéc thu thap ¥ kién chuyén gia [15-17]. Pay 1a mot trong nhitng uu diém ctia mé hinh mang
Bayes khi c6 thé tan dung va dinh lugng hoa y kién chuyén gia trong viéc xay dung mé hinh.
Cac nghién ctru img dung m6 hinh mang Bayes cho khu vuc cira song cling dugc cong bd tir
kha lau, tuy nhién chu yéu tép trung nhleu & linh vyc sinh thai ving cira séng va ven bién
[18-20]. Hinh thai ctra séng; cac yéu tb thily dong luc va cac hoat dong cua con nguoi duoc
nghién ctru nhu cac yéu to anh huong dén sinh thai khu vuc ctra song ven bién. Gan day, cac
nghién ctru img dung mang Bayes cho quan 1y tong hop khu vuc duong bd bién dudi tac
dong phat trién kinh t& va bién d6i khi hau da dwgc day manh phat trién [21-23].

Su phat trién cia mang Bayes di va dang dugc nghién ctru rong rai trén thé gioi, tuy
nhién, day van con 1a mot phuong phap va cach tlep can moi mé tai Viét Nam. Mot s0 nghién
ctru trong nude co6 huong tiép can lién quan dén Iy thuyét Bayes va mang Bayes dugc phat
trién trong linh vuc y té va kinh té, xa hoi. Nam 2011, Gido su Nguyén Vin Tuin da gioi
thiéu 1y thuyét Bayes trong nghién ctru y hoc 1am sang [24]. Ciing ap dung 1y thuyét niém tin
Bayes, nhom nghién ciru cua Nguyen Ngoc Tuin hudng t6i danh gia rii ro trong 1ap lich dy
an phan mém [25]. [26] d4 két hop m6 hinh mang Bayes véi mo hinh rti ro trong kinh té dé
udc luong chi phi kham chira bénh ¢ Viét Nam. Gan day, nhoém nghién ctru [27] di thuc hién
danh gia tac dong cua phat trién du lich dén ngudi dan tai dao Ly Son. Nghién ctru cho thy
mot két ludn moi mé rang ngudi nong dan, nhimg ngudi tré tudi, nhimg ngudi cé trinh d9
hoc thirc va c6 mirc anh hudng x4 hoi 1a nhitng nguoi ¢ nhitng danh gia tiéu cuc vé tac dong
ctia sy phat trién du lich.

Séng Ba, phan ha luu goi 1a song Pa Rang, 1 hé thong song 16n nhat trong khu vue Nam
Trung B9. Song Ba c6 3 phu luu chinh 1a song IaYun, song Krong H’'Nang va song Hinh.
Séng bat dau nti Ngoc Ro thudc tinh Gia Lai, kéo dai 374 km va do ra bién tai cira Da Dién,
thanh phd Tuy Hoa tinh Phi1 Yén. Toa do ctia ctra song Pa Dién 14 khoang 13°5°23.65” vi d6
Bic, 109°19°40.79” kinh d6 Péng (Hinh 1) [28]. Ving cira séng nam & phia Nam thanh phd
Tuy Hoa, gidp v6i huyén Dong Hoa—tinh Phil Yén. Song Ba c6 muia 1ii bat dau tir thang 9 va
két thuc vao thang 12, mua kiét bat dau tir thang 1 dén thang 8. Luu lugng dong chay vao
mua 1ii trén song Ba chiém 71,8% luu lwong dong chay ca mua. Thang c¢6 luu lugng 16n nhat
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1a thang 11 v&i luu lugng trung binh khoang 862,3 m?/s, chiém 25,8% tong lugng dong chay
cadnam [29].

Ché d6 gi6 & Phu Yén thé hién hai mua rd rét, tir thang 10 dén thang 4 13 thoi ky thinh
hanh mét trong ba hudng gi6 Bic, Pong Bic va Dong, tir thang 5 dén thang 9 1a thoi ky thinh
hanh mét trong ba hudng Tay, Tay Nam va Dong. Do anh hudng cua gié mua, song tai khu
vue nghién ctru ciing c6 ché do khac nhau rd rét giita hai mua. Tur thang 1 dén thang 4, huéng
song thinh hanh 1a Dong Bic. D6 cao trung binh ctia huéng song trén trong khoang thoi gian
nay 1a 1,0 m va cuc dai 12 4,0 m. Tir thang 5 dén thang 9, huéng song chu dao 13 Dong Nam
v6i d6 cao trung binh 13 0,8 dén 1,0 m va 16n nhét 1a 3,5 m. Tir thang 10 dén thang 12, thinh
hanh 13 huéng song Bic va Pong Bic v6i d6 cao trung binh 13 0,9 m va d6 cao 16n nhat bién
d6i tir 3,5 dén 4,0 m. Thuy triéu tai khu vuc nay thudc ché do nhat tridu khong déu. Hang
thang c6 tir 18 dén 22 ngay nhat triéu. Thoi ky triéu cudng thuong xuét hién nhat tridu, khi
tridu kém thudng xuit hién ban nhat triéu. Do 16n tridu trung binh 1a 1,50 + 0,20 m [29].

THAILAND

Hinh 1. Vi tri cira song Da Dién

Cira song Pa Dién c6 nhing dién bién phtc tap do chiu anh huong cua ché d6 thuy dong
lyc phan mua rd rét. Tt nam 2009, dudi tac dong cua cac yéu tb anh huong khién cura song
bi thu hep déng ké, chinh quyén dia phuong d3 c6 cac bién phap tam thoi dé giai quyét van
dé nay. Mot trong s do la viéc nao vét cat khu vue cira séng. Tuy nhién, viéc nao vet cat
chua co s khoa hoc vé khoi luong nao vét, vi tri nao vét va thoi gian nao vét da khién ctra
song c6 nhimg bién dong tiéu cuc hon sau tran 1d dién ra vao thang 11 nim 2017. Dai cat
phia Nam ctra song bi x6i nghiém trong, chinh quyén dia phuong phai gap rat lam ké da dé
bao vé bo, ngin khong cho hién twong xo6i anh huéng vao sau hon (Hinh 4). Dén nim 2018,
tir ké d4 bao vé bo, chinh quyén dia phuong di dan kéo dai ké da dé tai tao lai dai cat phia
Nam cra song.

Do ¢6 dién bién phirc tap, cura song Da Dién 1a dbi tuong nghién ctru cua nhiéu nhom
nghién ciru trong nudc va quoc té phuc vu cong tac chinh tri va 6n dinh cira séng, trong d6
c6 thé ké dén cac cong trinh: Rik Posthumus (2015) d x4y dung mé hinh nhan thirc co ban
vé co ché van dong theo thoi gian cua cua song Da Dién [30]; [31] d4 thyc hién dé xuét céac
co so khoa hoc vé dé xuét giai phap on dinh cira song; hodc nhém nghién ctru cuia Nguyén
Tién Giang va cac cong su [28, 32] di hoan thanh dé tai nghién ctru cip nha nudc “Nghién
ctru co s khoa hoc dé xac dinh co ché bdi lép, sat 1o va dé xuét cac giai phap on dinh cac
ctra song Pa Dién va Pa Nong tinh Pht Yén phuc vu phat trién bén vimg co s& ha ting va
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kinh té x4 hoi” ma s6 DPTPL.CN.15/15... Cac nghién ctru nay déu co sy lién két, tham khao,
ké thira va so sanh cac két qua nghién ciru.

Muc tiéu cta bai bao nay la ap dung thir nghiém m6 hinh mang Bayes trong phan tich
cac yéu td ty nhién anh hudng dén sy bién dong cua cira song Pa Dién trong giai doan tir
nim 1988 dén 2018. Két qua ciia md hinh duoc so sanh véi cac nghién ctru trude ddy nhim
khang dinh tinh dang ddn va kha ning ap dung ctia mé hinh trong bai toan nay ciing nhu linh
vuc khi tuong thuy van n6i chung.

2. Phwong phap va s6 liéu

2.1. Phwong phdp nghién ciru

Phan mém mé hinh Bayes Server dugc sir dung dé xdy dung mang Bayes cho nghién
ctru nay. Phan mém Bayes Server dugc cong ty chii quan cung tén (Bayes Server) co try s&
tai Vuong Qudc Anh phat trién. Cong ty Bayes Server bat dau xay dung céc giai phap Tri tué
nhan tao cho General Electric (GE) va Khong quan Hoa Ky (USAF) va c6 hon 15 ndm kinh
nghiém cung cap phan mém Tri tué nhan tao tiy chinh va ¢ sdn cho mot sd cong ty tién tién
nhét trén thé gii.

Phan mém Bayes Server da dugc phét trién dé thir nghiém cho ca mo hinh mang tinh
(Bayesian Networks—BNs) va m6 hinh mang dong (Dynamic Bayesian networks—DBN).
Trong d6, nghién ctru ndy tap trung thir nghiém mé hinh v&i mang tinh va chudi s liéu roi
rac.

Trong m6 hinh nay, mirc d¢ twong quan hay d lién két giita hai bién dugc thé hién qua
hé so tuwong ho hay thong tin tuong hd (Mutual Information—MI). H¢ s6 MI the hién 1a mot
phép do dinh lugng vé mic do ma mot bién ngau nhién (A) cho chung ta biét vé hodc do tim
duoc mot bién ngau nhién khac (B). Nhu vay, h¢ s6 MI cang 16n thé hién muac do lién két
ctia hai bién cang cao. Hé s6 MI dugc tinh theo cong thire nhu sau:

MI(4;B) = Z Z P(a,b) log (P(z)(a z)(b)) (2)

bEB a€A

Trong do P(a) va P(b) 1an Iuot 12 ham phan phdi x4c sudt bién cua A va B; P(a,b) 1a ham
phén phoi xac suat chung cta ca A va B.
Trong do

P(a,b) = P(a).P(b) 3)
Tuong tu nhu trén, hé sé MI c6 diéu kién dugc tinh nhu sau:

MICA BIO) =Zzzp(a'b'c) *logP(c) * P(a, b, c) @

CEC bEB a€A P(a,c) = P(b,c)

Nhu véy, hé s6 MI c6 gia tri v6i ca hai chidu (tir A dén B hodc tir B dén A). Gia tri 16n
hon ctua h¢ s6 MI s€ quyét dinh hudng cua canh lién két gitra hai nat A va B khi thyc hién
hoc cau triic cho mang Bayes.

2.2. 86 liéu

S6 liéu song, gi6 dugc thu thap tur dir li€u cia trung tdm du bdo han vira chau Au tur
1/1/1988 dén 31/12/2019. Trong d6, s6 lidu song bao gom chiéu cao song, chu ky song,
hudng song; S6 liéu gi6 tai do cao 10m (10, v10) déu dugce thu thap tai vi tri 13°7°30”° Bic
va 109°22°30”” Bong véi d6 phan giai 1a 32 km x 32km.

S6 lidu thuy triéu theo ngay tai tram Hon Chua (toa do 13°10°30°” Bic va 109°18°36”’
Pong) tir 1/1/1988 dén 31/12/2016. S6 liéu luu lugng trung binh ngay tai tram Cung Son (toa
d6 13°02°35” Béc va 108°59°58”” Pong) tir 1/1/1988 dén 31/12/2016. S liéu d6 rong cira
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song theo ngay tir nim 1988 dén nam 2018 duoc tinh toan théng qua phan tich xir Iy anh vién
tham Landsats v6i do phan giai 1a 30m x 30m. Céc sd liéu ké trén duoc ké thira tir nghién
ctru thude dé tai: “Nghién ctru co s¢ khoa hoc dé xac dinh co ché bdi lép, sat 1o va dé xuit
cac giai phap 6n dinh céc cira song Da Dién va Da Nong tinh Pha Yén phuc vu phat trién bén
virng co so ha tang va kinh té xa hoi” [28].

Cira séng 1a noi giao thoa gitra song va bién do d6 khu vuc cira song 1a khu vue ¢6 dién
bién phirc tap va chiu anh huéng boi nhiéu yéu t4, dic biét 1a cac nhan t6 tac dong truc tiép
nhu cac yeu td song, bién bao gdm song, gio va thuy triéu [29]. Cuing theo nghién ctru cua
Nguyén Tién Giang va cac cong sy, cac yéu t6 anh hudng (cac bién doc 1ap) cho phuong
phap phan tich hdi quy dugc xdac dinh bao gom: Nang luong gio; Hudng gio; Nang luong

song; Huong song; Lang try triéu va Luu luong séng [32]. Tuy nhién, c6 thé thdy, mot sb
bién d3 duoc thé hién trong cong thirc tinh toan cho cac bién khac nhu huéng song va huong
gi6 1an luot déu duogc sir dung de tinh toan nang luong séng va nang lugng gio; lang tru tridu
dugc tinh thong qua bién do triéu; do do, trong bai bao nay, cac bién trung gian d6 duoc loai
bo. Cac yéu td anh huong duoc thé hién qua 6 bién dai dién nhu Bang 1 va bién phu thudc
(Yéu t6 bi anh hudong) duoc nghién ciru 1a bién thién do rong cira séng (ky hiéu: deltaB).
Trong d6, delta B dugc tinh bdi cong thuc sau:

deltaB = BH-n — Bt (5)

Trong do Bi la dg rong cura sdng cua anh tai ngay t; Be1 1a d6 rong ctra song tai ngay co
anh ké tiép t + n va n duoc goi 1a khoang anh (khoang thoi gian gitra hai anh lién tiép). o
rong cura song duoc do tai mot mat cét sao cho khoang cach giita hai dai cat bo Nam va Bic
13 hep nhét [28]. Do chi lya chon cac anh vé tinh Landsats dat du diéu kién dé thyc hién phan
tich va tinh toan d¢ rong ctra song nén khoang anh n 1a khong dong déu [32].

Tuong tu v6i do, cac dit liéu luu lugng song, song va thiy triéu déu duge phan tich theo
khoang anh n. Theo do:

- Luu luong ngay 16n nhat (Qmax): 12 gia tri luu lwong ngay 16n nhat trong khoang anh
n.

- Luu luong trung binh ngay (Qaver): 12 gid tri luu luong trung binh ngay tinh trong
khoang anh n.

- Bién d6 triéu (T): 1a gia tri bién do triéu trung binh tinh trong khoang anh n.

- WE va WiE: lan luot 13 tong nang lugng séng va téng nang lugng gid tinh trong
khoang anh n.

- Giai doan (GD): 14 giai doan dai nhat trong khoang anh n.

Nhu vay, mdi khoang anh n s& tao ra mot gi tri cta deltaB, GD, Qumax, Qaver, T, WE va
WiE.

Bang 1. Bang céc bién anh hudng va phu thudc ctia mé hinh.

TT Ky hiéu Tén bién TT Ky hiéu Tén bién
| Qmax Luu 1uqrr11§é{clgay 16n 5 WE Nang luong song
2 Qaver Luu lugng t rung binh 6 WiE Nang luong gid
ngay ’
3 T Bién do tridu 7 deltaB Bién thién 40 rong
ctra song
4 GD Giai doan

Cac dir liéu nay déu duoc chuin hoa vé gia tri tir 0 dén 1. Sau khi duoc chuan héa sé
duoc dua vé cac mire trang thai nhu Hinh 2.

- Céc bién vé nang luong song, ning luong gid duoc dua vé 3 muc trang thai: “T”,
“TB”, “C” thé hién bién c6 gia tri so voi cac ngudng phan vi 25% va 75% cua chudi s6 lidu
nhiéu nim.
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- Luu luong ngay 16n nhit duoc so sanh véi can dudi 1a gid tri trung binh luu lwong
ngay 16n nhat cac thang mua kiét nhiéu ndm va cén trén 1a gia tri trung binh luu lwong ngay
16n nhét cac thang mua lii nhidu nam dé chia thanh ba muc trang thai: thip (“T”), trung binh
(“TB”) va cao (“C”). Luu lugng trung binh ngay cling dugc chia lam ba murc trang thai twong
tir voi can dudi 1a gid tri luu lugng ngay trung binh nhiéu ndm cac thang mua kiét va cén trén
1a gia trj luu lvong ngdy trung binh nhiéu nim cac thang mua 1ii.

- Bién bién do tridu duoc chia thanh 2 mirc trang thai 1a twong tng vé6i gia tri tridu kém
(“T”) va triéu cuong (“C”).

- Bién thé hién giai doan duoc dua vé ba trang thai thé hién ba giai doan: Giai doan 1
(“GD1”) tir thang 1 dén thang 4, Giai doan 2 (“GD2”) tir thang 5 dén thang 9 va Giai doan 3
(“GD3”) tir thang 10 dén thang 12 [28].

- Bién thién d6 rong ctra song (deltaB) ciing dugc chia thanh 3 trang thai cra mé rong
ra (“MR”) khi bién thién do rong 16n hon 30m, cira thu hep lai (“TH”) khi bién thién d6 rong
ctra nho hon —30 m va ctra khong doi (“KD”) khi bién thién d6 rong ctra nam trong khoang
tir =30 m dén 30 m. O dé, +30 m duogc coi 13 ngudng nam trong do sai sd cua anh Landsat
vo1 d phan giai 30m x 30m.

- Trang thai “NA” 1a trang thai chung cua cac bién khi khong cé gia tri tai thoi diém
do.

250

N\

200

N
\\\

150

100
) I I I
0

WiIE WE Qmax Qaver eltaB
Bién dau vao
mT TB #C mNA mGDI GD2 #GD3 mTH KD #MR

SO lwong gia tri

Hinh 2. M6 ta cac dir liéu theo cac mirc trang thai

M&i bién déu bao gdm 253 gié tri dugc chia thanh nhiéu nhét 4 trang thai. Trong o, co
thé thay, cac bién déu c6 sy phan bd twong ddi déu voi ting mue trang thai. Trang thai “NA”
khong chiém ty 1€ qua lon do d¢6 it c6 kha nang gay nhiéu cho mé hinh. Nghién ctru nay tap
trung vao chudi so lidu roi rac va tién hanh roi rac hoa cac bién. Mic du, hau hét cac bién
nhu luu luong song, song, thuy triéu déu 1a cac bién lién tuc va c6 ham phén phéi riéng nhung
cac bién bién thién do rong ctra séng (deltaB) va giai doan (GD) 1a cac bién roi rac do d6 viée
101 rac hoa. chudi sb liéu trong nghién ctru ndy 1a can thiét dé théng nhat dugc dinh dang cua
tat ca cac bién dau vao.

3. Két qua nghién ctru

Céc bién duoc dua vao mang Bayes trong m6 hinh Bayes Server va thyuc hién tao két ndi
(links) giita cac bién anh huong: Qmax, Qaver, WE, WiE, T va GD dén bién phu thudc 1a
deltaB. Ngoai ra, cac bién Qmax, Qaver, WE, WIE va T cling dugc coi la bién phu thudc cua
bién GD dé xét su thay doi cua céac blen theo thoi gian. Trong nghién ctru nay, cau tric mang
Bayes duogc dinh sin dua trén cac mdi quan h¢ gilra cac yéu t6 nén budce hoc ciu trac mé
hinh duogc bo qua. Cho mang hoc tham s6 dya trén cAu trac dinh sén, mang Bayes cho bai
toan dugc hinh thanh nhu Hinh 3.
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O mang ban dau, cac bién thé hién duoc xac suit xuit hién cua tung trang thai. O do,
trang thai “NA” duoc coi la mdt trang thai cuia bién va dugce st dung nhu cac trang thai binh
thuong khac. Pay la mot vu diém cua mang Bayes khi c6 thé tan dung dugc tdi da sb licu
san co cua nghién cuu. S4 liéu cua cac bién duoc kéo dai nhét co thé dé tan dung cho mo
hinh Bayes thay vi phai dua toan bo s6 liéu vé cing mot khoang thoi gian ¢ s6 liéu nhu
nhiéu mé hinh thuy vin trude day.

GD

GD1 mmm  3699% [ Hekah

TH - 29.66% [ |

G2 NN 4837% [ ] » KD oo 42.80% | |

GD3 M 14.64% [ | MR 27.50% [
4
Qmax
T mmm 5775%) =
T8 W 29.90% | | T 51.90% [ |
cn 951% | | ) 4 C 45.23% ||
NA | 2.80% | | ' NA | 2.88% [ |
Qaver WE : 4 WiE s
[ T A .
T o 54.22% | | T 2.88% ] L
T8 = 3539% ]| 15 mmmm osorw[)| | 0 . SLU
c 7.55% | c mm 2641% [ | C m 25.23% | |
NA | 2.80% |

Hinh 3. Két qua ban diu xay dung mang Bayes.

Thay d6i trang thai ctia bién GD s& cho thay céc thay doi theo thot gian cua cac bién. O
giai doan 1 (tir thang 1 dén thang 4), d6 bién thién cira song thién vé trang thai thu hep hoic
khong ddi (xac sut hai trang thai nay chiém hon 70%). Clng ¢ giai doan nay, luu luong
song chu yeu ¢ murc trang thai thip (“T”) do day 1a giai doan két thiic mua 1ii; triéu kém ciing
chiém xac suit cao hon. Trong khi d6, ning lugng song tap trung & trang thai trung binh va
cao vi gi6 mua Pong Bic chiém uu thé trong giai doan nay (Hinh 4).

GD

deltaB
D1 mmmm 100.0% [ e

TH e 42.86% | |

ole bioox [] o KD mmmmmm 33.67% [,
6o3 000% [] MR 23.47% ||
Qmax . B 7
T m—— 72.17% T
™ N 9.63% | | T memmm 51.90% |
cm 13.87% | | ) » C mmm 45.23% [ |
NA | 433% | | NA 1 2.88%
Qaver ’ P > WiE )
T e 7111% | T 012% [] T . 29.80% [ |
B m 15.99% [ | T8 mmmm  arg [ | |0 [ 66.90% O
cu 857% | | C mmmm  5206% [ c1 330% [ |
NA 1 433% | |

Hinh 4. Két qua mang khi thay doi trang thai bién GD (GD1 = 100%).

Sang giai doan 2 (tu thang 5 dén thang 9), cira song cho thay su 6n dinh nhét Vo1 xac
suét trang thai khong d6i 1a khoang 53% (Hinh 5). O giai doan nay, yéu t6 song van tip trung
0 trang thai thip do day 1a giai doan mua kiét. Nang luong song ciing chuyén sang trang thai
thap va trung binh khi gi6 mua Tay Nam bit dau hoat dong manh. Tuy nhién, ning luong gi6
& trang thai cao va trung binh chiém xéac suit 1on.
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GD

GD1 0.00% [ delta

TH 19.31% [ |

coz mmmm  100.0% [l » KD mmmmm 53.78% | |

603 0.00% [] MR 26.91% [ |
“ o L o .l
Qmax {
T s 61.69% | | =
TB 35.74% || T 44.68% ||
(e 0.07% | | C mmmm 5279% ]
NA | 250% [ | NA | 2.53% [ ]
Qaver WE . WiE a0
T - 57.64% | | p— 45.50% ] TH -
T8 = 2080% ]| 15 mmmm s117% 6 fm— 43.06% 1]
C 0.07% [ | c 1 333% [ C mam 47.93% [ ]
NA | 250% | |

Hinh 5. Két qua mang khi thay doi trang thai bién GD (GD2 = 100%).

0 giai doan 3 (tr thang 10 dén thang 12), ctra song khong c6 xu thé bién dong 6n dinh,
Xac suét xdy ra cac trang thai thu hep, mo rong va khong doi gan nhu bang nhau (khoang
30%). Pay la thoi ky mua 1 nén luu lugng song tap trung & mic trung binh va cao (Hinh 6).
Gi6 mua Pong Béc tac dong manh khién cho ning lugng song ting 1én trong giai doan nay.

GD

GD1 0.00% [ deltaf

TH messs 30.49% [ |

6D2 0.00% [ | o KD mmmmmm 29.86% [ |

Gos mmmm  1000% [l MR — 39.65% [ |

Qmax
T 8.26% | | - ) T
T8 mmmmmm 61.83% | | J ) \ T mmmm 56.55%[ |
C mm 29.69% | | ’ > T~ C o= 43.15% [ |
- 5% [ NA | 03% []
X £ WiE
Qa“lrer 0.22% j WE, " s.65% M T 56.55% | |
TB W 69.87% | | 6 WEmmm  56.55% ; TB 37.80% [_|
C mm 29.69% | | c mmm 7:50% ] cu 5.65% | |
NA 022% [ |

Hinh 6. Két qua mang khi thay doi trang thai bién GD (GD3 = 100%).

Giai doan 3 1a giai doan bat On nhat cua cta song Da Dién, tuy nhién, néu luu luong
song dat trang thai cao thi x&c suat ctra song md rong 1a khoang 60% (Hinh 7).

GD

deltaB
GD1 0.00% [ | H mm 21.13% [ |
GD2 0.00% [ ] kD mm 22.26% [ | v,

GD3 mmmm  100.0% [ MR mmmmm s6.62% ]

7

Qmax
T 0.00% | o “ T
B 0.00% | | / \ T W 56.55%[ |
C mmmmmm 1000% [ \ " N \ C mmm  4315%
NA 0.00% U > \ \ NA | 03% [ |

Qaver £ WiE
WE s 5655%
B o22% [ T 5.65% [ | T U
TB mmmmmm 69.87% | | TE mmmmm sessw []] | P 37.80% [
C mm 29.69% | | C mm 37.80% [ ] [ | 5.65% [ ]

NA 0.22% | |

Hinh 7. Két qua mang khi thay déi trang thai bién GD va Qmax (GD3 = 100%, Qmax(C)=100%).
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Tinh mac d6 anh hudéng cia cac bién trong mang thong qua hé s6 MI (Mutual
Information), ta théy 10 su thay ddi cua cac bién rat phu thudc vao thoi gian, do do, viéc phan
chia giai doan dé nghién ctru cho khu vyc cira song Pa Dién 13 rit quan trong. Cac bién
Qmax, Qaver, WE, WiE va T ciing cho théy muc d§ anh huong ctuia ching dén bién thién do
rong ctra song (Bang 2).

GD

GD1 m 36.99% [ | deltaB

TH mm 29.66% | |

P co2 mmmm  48.37% [ \[mi-0038| | _
[=nazs] | sos fm 14.64% MR mmmmm 27.50% [ ] .
MI =0.001
it \Mi 0014 !
T mmmmm 57.75% ' MI=0.010 |
T8 mm 29.90% \MI 0255 T MI=0.015 | T 51.90% [ |
Cn 9.51% 'V" 0.198 Mi = 0010\ 4 C 45.23% [ ]
NA 1 2.80% | | N =0081 NA 1 2.87% [ |
aver WiE
: T - 54.22% | WE - 22.88% T 23.66% [
TB 35.39% | S — 50.72% | TB 51.11% [
cua 7.55% | | c mm 26.41% [ C mm 25.23%
NA | 2.84% [ |

Hinh 8. Két qua mang khi xét mirc d6 anh huéng theo hé s6 MI.

Xét trén toan chudi s liéu, mirc 46 anh hudng cua cac yéu to gan nhu twong duong nhau
trir yéu t6 thity triéu (T) co6 mirc 6 anh hudng thip nhét (Hinh 8, Bang 2). Xét riéng trong
giai doan 1, hai yéu t6 anh huong 16n nhat 1a ning luong séng va luu luong trung binh ngay.
Sang dén giai doan 2, cac yéu td anh huong khong thé hién qua rd, 16n nhat 14 sy anh huong
ctia yéu t6 luu luong ngay 16n nhat (Qmax).

Bang 2. Bang hé s6 MI cac yéu t6 anh hudng theo thoi gian.

Giai doan WE WIE Qaver Qmax T
Toan bd 0,015 0,01 0,01 0,014 0,001
GD1 0,023 0,00447 0,0163 0,00549 0,00756
GD2 0,00772 0,00777 0,0029 0,0171 0,00482
GD3 0,0501 0,024 0,0055 0,0271 0,0311

O giai doan 3, ning luong séng va thiy triéu 1a hai yéu t6 c6 mirc anh hudéng 16n nhat.
Bén canh d6, nang luong gid va luu luong ngdy 16n nhét cling c6 dong gop dang ké trong
giai doan nay voi mirc 46 anh hudéng twong dwong nhau. Nhu vay, c6 thé thiy, ¢ mua gid
Pong Bic (giai doan 1 va 3), nang lugng song 14 yéu té anh huong 16n dén bién thién do rong
cua song.

Xét riéng ting trang thai cta bién thién do rong cira song, ta thiy niang lugng séng la
yéu t6 anh hudéng quan trong (Hinh 9). Trang thai thu hep cira séng Da Dién phu thuge vao
nang luong sdng, nang lugng gi6 va luu lugng trung binh. Cira song ba Dién on dinh (khong
d61) phu thudc vao ning luong song, luu lwong ngdy 16n nhét va nang luong gio. Yéu tb
chinh anh huong dén su mé rong cira séng 1a luu luong ngay 16n nhét, tiép theo d6 1a luu
luong trung binh ngay va nang lugng song.
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deltaB = TH 29.66% deltaB = KD 42.84% deltaB = MR 27.50%

WE - Strength 5.44% WE . Strength 4.63% Qmax : Strength 1.88%
C 43.89% (vs19.03%) C 14.70% (vs 35.18%) T 47.14% (vs 61.77%)
T8 41.00% zvs 54.82%) il 30.l33% (vs 17.29%) C 14.84% Evs 7.49%)
T 15.11% .( vs 26.15% ) T8 54.97";6 (vs47.53%) 8 34.‘57% (vs 28.13%)

. .

WiE ! Streng:h 0.99% Qmax | Strength 1.61% Qaver [ Strength 1.55%
C 1847% (vs 28.08%) i 65.21% (vs52.15%) T 44.24% (vs 58.00% )
L 27.;6?6 (vs 22.06% ) C 591% (vs 1;‘21 %) L 41.10% Evs 33.23%)
T8 54.07‘% (vs49.87%) T8 2‘6.6?% (vs3233%) C 11.22% f (vs 6.16% )

: ' '

Qaver Strength 0.25% WiE ‘ Strength 1.34% WE Strength 0.27%
T 57.90% (vs 52.66%) C 3202% (vs20.14%) 8 54.58% (vs49.25%)
8 31.75% (\«'5.36,93%) T8 46.949: (vs54.24%) i | 19.64% (v.s 24.10%)
c 7-15?: (vs7.72%) i 21.03% (.vs 25.63%) C 25.7‘8% (vs 26.64% )

Hinh 9. Két qua xét mirc d6 anh hudng theo trang thai bién phu thudc.

4. Két luan

Nghién ctru thir nghiém mé hinh mang Bayes cho thdy, vé mit thoi gian, cira song Da
Dién c6 xu hudng dién bién khac nhau theo timg giai doan. Giai doan 1, khi cira song chii
yéu & trang thai 6n dinh hodc bi thu hep: ddy 1a giai doan cira song chiu tac dong cla ning
lwong séng va luu lwong trung binh ngay. Trang thai cira song 6n dinh dugc thdy rd hon &
giai doan 2 va céac yéu t6 anh huong c6 tac dong khong rd rét nhét trong giai doan nay. Nguoc
lai, giai doan 3 14 giai doan ctra séng co trang thai khong theo xu hudng nhét dinh. Ca ba
trang thai thu hep, mé rong va khong doi xuat hién véi xac sudt ngang bang nhau & giai doan
nay. Yéu té niang lugng séng va thiy tridu 1a hai yéu t6 anh hudng nhét & giai doan 3. Két
qua vé dién bién va trang thai cia cac giai doan nay tuong dong voi két qua phan tich trong
cac nghién ctru [28-29]. Céc yéu té anh huong duge phén tich c6 phan khac nhau giita nghién
clru nay voi nghién ctru [32] do su lya chon bién co thay d6i & nghién ctru nay. Tuy nhién,
ca hai nghién ctru déu khang dinh ning luong séng la yéu t6 dugc danh gid 1a anh huong
trong nhiéu giai doan va cé vai tro quan trong trong dlen bién ctia ctra song Pa Dién.

V& mit trang thai, sy anh hudng cua cac yeu t6 khlen cua song co cac trang thai khac
nhau, trong d6, niang luong song 1a yéu t6 co su quyét dinh ¢ ca ba trang thai. Luu luong
ngay 16n nhat c6 su anh huong dén trang thai mé rong ctra séng va ciing khién ctra séng 6n
dinh. Nang luong gi6 lai ¢6 vai tro tac dong ddi vai trang thai cira séng bi thu hep.

Mo hinh mang Bayes cho thiy cac uu diém vé su tin dung t6i da s6 liéu sin co trong
nghién ctru va cho thdy kha ning ap dung linh hoat ddi véi cac dang sb liéu khong dong nhat
khi ¢ thé dua vao mé hinh chudi s liéu roi rac véi cac trang thai da dang hon so véi phuong
phap hoi quy tuyén tinh (chi nhan bién gia tri 0 hodc 1). Nghién ctru cho thiy sy phul hop ctia
mo hinh mang Bayes ddi v6i nghién ctru khu vuc ctra séng ndi riéng va linh vuc khi twong
thiy van no6i chung.

Trong nghién ctru nay, cac yéu td anh huong dén bién dong cira song duoc xét dén déu
1a cac yéu to tu nhién; tuy nhién, c6 thé thiy, cac yéu td nhan sinh (cac tac dong cta con
ngudi) thong qua hoat dong phat trién kinh té, xdy dung cong trinh, hoat dong nao vét, khai
thac va st dung cat ciing 1a nhiing yéu td co thé tac dong dén bién dong cua khu vyc cira
song. Do d6, ¢ cac nghién ctru tiép theo can xem xét thém dén cac yéu t6 nhan sinh nay.
Pong gop cuia tac gia: Xay dung y tuong nghién ctru: H.T.T.; Lua chon phuong phap nghién
cuu: HT.T., TN.A.; Xu ly s6 lidu: H.T.T.; Viét ban thao bai bao: H.T.T., T.K.H.; Chinh sira
bai bao: TN.A., H.T.T.
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Loi cam doan: Tap thé tic gia cam doan bai béo niy 13 cong trinh nghién ciru cta tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién ctu trude day,
khong c6 su tranh chap 1o1i ich trong nhoém tac gia.

Loi cam on: Nghién clru nay duoc tai trg bdi Truong DPai hoc Khoa hoc Ty nhién, Pai hoc
Qudc gia Ha Noi trong d& tai ma sb TN.20.14. Ban quyén phan mém Bayes Server sir dung
trong nghién ctru dugc tai trg boi Trung tam Pong luc hoc Thuy Khi Moéi truong. Nghién
ctru nay ciing nhan dugc sy chia sé s6 licu tir dé tai cép Nha nuée, mi s6 DPTDL.CN.15/15.
Tap thé nhom tac gia xin chan thanh cam on cac ngudn hd tro quy bau nay.
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Abstract: Bayesian Networks are probabilistic graphical model for presenting the causal
relationship between variables, especially the uncertainty variables. There are many
applications of Bayesian Network for several area as the medical, language, biology,
environment and also hydrology. This paper applies the Bayesian Network for assessing
factors affecting Da Dien Estuary (focus on the river mouth width evolution). The results
show that wave energy is significant impact factor to change the estuary width, especially
in period 1 and period 3). The Da Dien Estuary is quite stable from May to September
(period 2) so it is difficult to detect the effect of hydrodynamic factors. In general, this study
reinforces the flexible application possibilities of Bayesian network model in the field of
hydrometeorology.
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Tém tit: Nghién ctru nay sir dung mé hinh WRF dé du bao cac truong khi twong do phan
giai cao cho khu vuc ¢6 dia hinh phire tap tai Than Uyén (Lai Chéu). Nghién ctru img dung
phuong phap dong hoa dit liéu 3DVAR nham bd sung s6 liéu quan tric nang cao chit lugng
diéu kién ban dau cua mo hinh. S6 liéu dugc sir dung dé chay chuong trinh dong hoa
3DVAR bao gom s lidu gi6 vé tinh, s6 liéu quan trac tai tram va s0 liéu quan trac cao khong
& pham vi mién tinh ctia mé hinh. Két qua cho thay dong héa sb liéu di cai thién chét lugng
du bao nhiét do, d6 am va lugng mua, dién mua so véi trudng hop khong dong hoa.

Tiwr khéa: Déng hoa sb li¢u; Mua 16n; Spin—up; WRF3DVAR.

1. M& dau

Du béo thoi tiét 1a mot trong nhirng nhi¢m vu quan trong cua nganh Khi tugng, c6 vai
tro khong nho ddi voi cac nganh, cac linh vuc khac nhau trong doi sdng x4 hoi. Trong nhing
nam gﬁn day, khi hau toan cAu d3 va dang bién d6i manh mé, cac hién tuong thoi tiét cuc
doan ngay cang c6 dau hiéu gia ting trén thé gi6i cling nhu ¢ Viét Nam. Nam 2020 cac tinh
Bic Bo khong chi chiu nhitng thiét hai to 16mn do rét dam, rét hai, mua da gy ra ma con hung
chiu anh hudéng cua nhirng dot mua 16n. Theo bao cdo cua Van phong thuong tryc Ban Chi
huy Phong chdng thién tai va Tim kiém ctru nan tinh Lai Chéu, tir 19h ngay 11/7 dén 13h
ngay 12/7 khu vuc Lai Chau d3 c6 mua v6i luong mua phd bién tir 30-100 mm, riéng tai thi
tran Tan Uyén 198 mm, Nam S¢ 144 mm, Khun Ha 133 mm, Binh Lu 124 m, Muong Mit
101 mm. Mua kéo dai kéo theo lii quét, sat 1o dat da gy mot sb thiét hai vé tai san caa Nha
nude va nhan dan. Viée dy bao chinh xac hién twong mua 16n s& gop phan giam thiéu nhiing
thiét hai ma n6 gy ra. Trong bai bdo nay, nhom nghién ciru tién hanh thir nghiém du béo cac
trurong khi tugng d6 phan gidi cao trong dot mua 16n thdng 7 nam 2020 tai khu vuc Lai Chau
bang Gmg dung ki thuat déng hoéa sb licu.

Nam Trung Quéc la khu vyc ¢6 co ché mua gan voi Viét Nam, nén nhitng nim gén day
c¢6 nhiéu nghién ctru vé du bao mua khu vuc gan bién gidi Viét Nam. Trong “Co che luong
mua ky luc dot bién & Quang Chau (Trung Quoc) [1], tac gia dd nghién ctru cac yéu to gay
ra lugng mua 16n, bao gom cac hinh the thoi tiét, hiéu ing dia hinh va hi¢u rng do thi bang
md hinh WRF. Nghién ciru cho thdy rang ludng khong khi nong 4m & Bién Pong lién tuc
cung cép diéu kién thuan loi cho su phat trién mua 16n. Mua tao ra mot vung lanh yéu két
hop véi dong d6i luu da gop phan hinh thanh lién tuc nhitng 6 dong méi. Sy twong tac giita
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ludng khong khi lanh va ludng khong khi nong, am két hop voi ddi luu ting thap tao thanh
mot hé théng mua ddi luu lién tuc. Trong nghién cuu khac, tac gia da diéu tra dic diém va
co ché mua va gio trong ngdy gan bo bién phia Nam Trung Qudc st dung sb liéu vé tinh, dit
liéu mo6 hinh WRF [2]. Két qua nghién ctru cho thiy, chu ky lwong mua chia thanh 2 khu vuc
trén bd va ngoai khoi, chu ky gié (thang dimg) hang ngay ciing twong tw nhu lvong mua. Su
dbi luu dong vai trd quan trong trong chu ky ngay cua luong mua ciing quyét dinh chu ky
gi6. Cac dy béo di thuong lwong mua mua hé Trung Qudc nim 1998 sir dung md hinh WRF
va CCSM4 [3] chi ra ring, mo hinh WRF cai thién mé phong lugng mua, cac sai sd hé théng
& phia dong cao nguyén Tay Tang dd duoc loai bo, tuy nhién & ving Hoa Bic va Pong Béc
(Trung Qudc) céc sai sd con ton tai. M6 hinh WREF cai thién dy bao luong mua trong mua
hé, dic biét phia Nam luu vuc song Duong T va Nam Trung Qudc, nhung chua cai thién
t6t & Bic va Pong Béc Trung Qudc. Ngoai ra, md hinh WRF cho lwong mua trung binh mua,
khung thoi gian theo muia, dy bao mura Mei—yu gan quan trac va tt hon CCSM (mé hinh hé
thong khi hau cong ddng), nhd c6 d6 phan giai dia hinh tét cia mo hinh WREF.

Tai Viét Nam, mé hinh du bao thoi tiét khu vuc ciing dd dugc tmg dung rong rai trong
nghién ctru va du bao nghiép vu. Trong nghién ctiru “Panh gia chat lvong du bao mua tir mod
hinh s6 tri cho khu viec Ha Nam va Nam Pinh trong nim 2019” nhém tac gia da cho thdy mé
hinh dy bao khong qua thién cao ddi voi nhitng ngudng mua nho va thién thap dbi véi nhimg
ngudng mua 1én nhu mo hinh toan cau [4]. Trong mot nghién ctru khac, mé hinh WRF mb
phong dot mua 16n tir ngay 01-06/8/2017 ¢ tinh Son La da cho thdy, dién mua va lugng mua
mo phong thudng cao hon v6i quan trac. M6 hinh da nam bat duoc phan nao phan bd khong
gian va dién bién thoi gian ciia mua trén khu vuc [5]. Sir dung ludi 1ong va hai so d6 d6i luu
khac nhau dé dy bao mua 16n Trung Bo tur 1 dén 3 ngay mot tac giadachira rang, vung mua
dur bao ¢6 xu hudng léch voi mua thuc té va luong mua thuong thip hon so véi thuce té [6].

Pé nang cao chit luong du bao mua 16n, ¢6 nhidu phuong phap da duoc sir dung, trong
d6 c6 ki thuat ddng hoa s6 liéu. Sir dung mo hinh WRE két hop voi sb liéu dia phuong dé du
bao mura 16n do khong khi lanh két hop voi dai hoi tu nhiét doi tir 1 dén 3 ngay cho khu vuc
Trung Trung B cho thdy, & hau hét cac tram, lugng mua du bao trong truong hop co6 cap
nhat so liéu dia phuong cho ket qua t6t hon khong cép nhét s6 liéu dia phuong [7]. St dung
ddng hoa sb liéu quan tric truyén thong va sb liéu tham sat thang dung tir vé tinh cuc NOAA
cho m6 hinh WRFARW du bao 10 dot mua 16n dién hinh trong 3 ndm (2010-2012) cho thay,
viéc dua vao dong hoa s lidu truyén thong va phi truyén théng da giam duogc sai s6 mé hinh
mdt cach rd rét, dong thoi 1am ting kha ning phat hién mua 16n [8]. DPong hoa s6 lidu vé tinh
MODIS dé du bao mua 16n & khu vuc Trung Bo trong hai mua mua 2007, 2008 béng mo
hinh WRF cho thay dong héa sb liéu MODIS d cai thién dugc dang ké chét lugng du bao
ca dién mua va lugng mua trong 30h dau du bao [9]. Déng hoéa sd liéu profile nhi¢t do va
nhiét 6 diém suong tur v¢ tinh MODIS thong qua so dd déng hoa 3DV AR da cai thién duoc
du bao ca vé tAm mua va luong mua, dac bi¢t trong han du bao 30h [10]. Phuong phép
4DVAR dugc thir nghiém thong qua mé hinh WRF dy bdo mua 16n ¢ khu vye Nam B¢ cho
thiy sai s6 du bao duoc cai thién & ca han du bao 12h va 24h, dong thoi sai sb nho hon trudng
hop mac dinh & cac ngudng mua nhdé dudi 30mm va mua 16n trén 70 mm [11]. St dung
phuong phap 3DVAR dong hoa sé liéu radar cho mo hinh WRF du bao mua 1én khu vuc
Thanh ph6 Ho Chi Minh cho thay dong hoa voi ché ¢ warm start cho md phong mua 16n tot
hon kha nhiéu v6i ché d6 cold start [12]. DPong hoa céc loai s6 liéu cho mé hinh WRF duy bao
mua 16n cho khu vuc Tay Nguyén do anh huong cua bao Damrey (2017) bang hé thong dong
hoa dir liéu dang diém GSI ciing cho thdy chat lugng du bao vé dién va luong mua & han du
bao 24 gid da duoc cai thién dang ké [13].

2. Phuwong phap va sb liéu

2.1. Pong héa WRF 3D—Var
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Mo hinh dy béo va nghién ctru thoi tiét (ARW—WRF) phién ban 4.0.1 duoc sir dung
trong nghién ctru ndy 13 mo hinh khi tugng phi thuy tinh. Pong hoa dit liéu WRE-3Dvar la
mot hé théng déng hoéa s6 liéu duoc phat trién cho mo hinh WRF. Hé théng WRF-3DVAR
dugc phat trién boi [14] v6i viée st dung cong thirc bién phén ting [15]. Nhin chung muc
dich chinh cta hé thong dong hoa s liéu WRF—3DVAR 1 tao mot truong diéu kién ban dau
t6t hon cho mé hinh WRF théng qua viéc tinh 13p ham gia [16]:

100 = 2(x—x*) B (x— x*) + 1[HCO — yOITOMHG) ~ ¥ (1)

Trong d6 B la ma tran sai ) truong nén; O 1a ma tran sai s6 quan tric; H(x) la toan tu
quan tric, X 13 vector trang thai khi quyén; Y 1a quan tric.

Hiéu qua cua ddng hoa bién phan ba chiéu phu thugc vao thong ké sai sO truong nen
(Background error statistics—BES) vi n6 chura thong tin vé sy lan truyén cua cac gia tri s6
liéu quan tric trong khong gian ciia m6 hinh va cling xac dinh dugc can bang vé vat Iy [17]
Phuong phép tinh sai s6 trudng nén NMC (National Meteorological Centre) [18] 1a mot trong
nhiing phuong phap dugc str dung phd blen nhit dé tinh toan sai s6 truong nén theo mién
tinh cu thé. Phuong phap NMC x4p xi cau tric ciia ma tran B thong qua su khac biét thong
ké gilta cac han du bao 24 gio va 12 gio tr md hinh khu vyre. Nghién ciru nay str dung phuong
phap NMC d¢ tinh sai s6 trudng nén véi thoi gian tinh tir ngay 01 thang 07 dén ngay 31 thang
07 nam 2020.

2.2. 86 liéu

Piéu kién diu vao va diéu kién bién st dung s6 liéu du bao GFS cua NCEP/NCAR
(NCEP-The National Center for Environmental Prediction /NCAR-The National Center for
Atmospheric Research) c6 dd phan giai ngang la 0,5x0,5 do kinh vi va dinh dang grib2
(https://www.ncdc.noaa. gov/data—access/model-data/model-atasets/global-forcast—
system—gfs). Cac s lidu dugc sir dung dé ddng hoa bao gom sd lidu gié vé tinh, s liéu quan
trac bé mat va cao khong. Sé liéu gié vé tinh duoc lay & khu vuc An Do, Tay Bic Théi Binh
Duong va dugc downloads tur trang website http://tropic.ssec.wisc.edu voi dinh dang ASCIL
S liéu quan tric bé mat va cao khong dugc lay tir cac tram khi twong bé mit va cao khong
khu vye Viét Nam va lan can thugc mién tinh ciia m6 hinh. S6 liéu nay dugc khai thac théng
qua website http://weather.uwyo.edu. Céc sb liéu trén déu duoc xir Iy dwa vé dinh dang litter—
r dé chay chuong trinh obsproc nham kiém tra chat lwong va loai bo cac s liéu khong thude
mién tinh cia mo hinh.
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Hinh 1. S liéu gi6 vé tinh cac muc do cao sir dung trong nghién ciru.
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Sé liéu quan tric tai tram dugc st dung dé danh gia cac truong khi tugng du bao. S6 liéu
mua v¢ tinh Gsmap dugc st dung dé so sanh danh gia voi truong mua cua mo hinh. Sé lidu
mua v¢ tinh Gsmap dugc st dung c6 do phan giai 1la 0,1x0,1 d6 kinh i
(https://sharaku.eorc.jaxa.jp/GSMaP).

2.3. Thiét ké thi nghiém

Trong nghién ctru ndy chung t61 sit dung m6 hinh WRF va WRFDA phién ban V4.0.1
v6i ba luéi 16ng twong tac hai chiéu, d phan giai twong tng 1a: 27 km, 9 km, 3 km, 1 km
(Hinh 2). S6 diém ludi twong tng 1a 174x156; 232x259; 220x214 va 121x136 diém ludi véi
38 muyc thing dimg.

Mién 1 duoc thiét ké du rong dé mo hinh c¢6 thé ndm bat duoc cac qué trinh hoan luu
quy mé 16n anh huéng dén khu vuc Viét Nam, mién nho duoc thu hep pham vi bao tron khu
vuc Ty Bic Bo.

30°N
25°N
20°N
15°N
10°N

5°N

100°E 110°E 120°E 130°E

Hinh 2. Cic mién tinh cia mo hinh.

Bo tham s vat Iy cia mé hinh WRF dugc lya chon dé mo phong céac trudong khi tuong
khu vyc Than Uyén, Lai Chau dugc the hién qua Bang 1.

Bang 1. So d6 vt 1y st dung trong thi nghiém.

STT Tham s6 mé hinh Tham s6 lwa chon
PO Thompson

1 So @06 vi vat Iy may WSM 6_class

£ g ik Betts—Miller—Janjic
2 Tham s6 hoa doi luu Kain_Fritsch
3 Birc xa song ngin rrtmg scheme
4 Burc xa song dai rrtmg scheme
5 Lép bién hanh tinh YSU scheme

Nghién ctru thyc hién thir nghiém du bao dot mua tir ngay 10 dén 13 thang 07 ndm 2020.
Thoi di€m ban dau ciia md hinh tir 00z ngay 10 thang 07 ndm 2020, dy bao han 72 gi¢ tdi
thoi diem 00z ngay 13 thang 7 nam 2020.
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2.3. Phwong phap danh gia

Nghién ctru sur dung gian do Taylor dé so sanh danh gia. Giai 6 Taylor dugc phat minh,
dugc dung dé dinh luong sal s gifta gid tri du bao va gia tri quan tric theo ba chi sd thong
ké: H¢ s0 tuong quan, sai s6 binh phuong trung binh (RMSE) va d¢ 1éch chuan. Giai db
Taylor c6 thé duoc xdy dung véi cac phan mém nhu R, GrADS, IDL, MATLAB, NCL,
Python, ... Trong bao cdo nay sir dung phan mém tinh toan thong ké R dé tinh toan va v& giai
d6 Taylor.

Hé s6 tuong quan gitta chudi X va Y v6i n cip gia tri x va y duoc tinh theo cong thirc
sau:

Z? 1(xi=%)(yi—¥) (2)
\/ZL (-D)? S, (i=)?

Trong do: x——Z =1 Xi vay—i =1 Yi

Tyy g0ila hé sO twong quan mau cua X va Y. Hé sb twong quan nhan gia tri trén doan
[-1;1]. Néu hé sb twong quan (r) dwong cho biét X va Y bién dong cung chiéu va am thi
nguoc lai.

Trong cac cong thic dudi day, Fi va O1 tuong tng la gia tri m6 hinh va gia tri quan trac

clia mot bién nao d6i=1,2,...,N, N la dung luong mau.
Sai s6 binh phuong trung b1nh (Root Mean Squared Error — RMSE):

RMSE = \/}lzzgl(ﬂ - 0,)? 3)

Dua vao d6 1éch chuan ching ta biét duoc do phan tan cua tong thé. Do 1éch chuan la
can bac 2 cia phuong sai dugc tinh nhu cong thirc dudi day:

“4)

3. Két qua va thao ludn
3.1. Két qua lya chon tham 6 Vit ly

Trong nghién ctru ndy, dé du bao mua 16n & khu vuc Lai Chau tir ngay 10-13/7/2020 cac
so do tham s6 ddi luu va vi vat Iy may trong mé hinh dugc lya chon ké thira tir cac nghién
ctru trong nudc, 1a cac so dd vén duoc sir dung rong rdi [19-22], d6 1a: so d6 d6i luu Kain—
Fritsch (ki hiéu 1) va Betts—Miller—Janjic (BMJ) (ki hiéu 2); so d6 tham s héa vi vat Iy may
Thompson (ki hi¢u 8) va WSM 6—class (ki hi¢u 6).

Két qua thtr nghiém dugc hién thi, so sanh v&i ban do ude luong mua vé tinh do phan
gia 0.1 d6 cia GSMAP (Hinh 3).

Phan tich ban d6 lwong mua tich lity 24 gio' (Hinh 3), c6 thé nhan thay ca 4 truong hop
thtr nghiém mo hinh déu nim bit dwgc mua & khu vuc Lai Chau, tuy nhién két qua trudng
hop 4 (Cu = 2, MP = 8) cho két qua dién mua phu hop véi sé liéu GSMAP hon. Ngoai ra,
mo hinh con mo6 phdng dugc mua & mat s6 dia diém lan can nhu Yén Bai, Son La va vung
nui doc bién gidi Viét Trung thudc khu Pong Bac nhu Ha Giang, Cao Bang. Trén co sd do,
nghién ctru s& la chon st dung bo tham sé gdm so d6 tham s6 hoa dbi luu BMJ (2) va so d6
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vi vat ly Thompson (8) dé thuc hién déng hoéa s6 lidu gi6 v¢ tinh, s6 liéu tram va s6 liéu cao
khong nham du bao céc truong khi twong dd phan giai cao cho khu vuc Lai Chau.
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Hinh 3. Ban d6 luong mua tich Iy han 24h tinh tir 00Z ngay 10/7/2020 dén 00Z ngay 11/7/2020
cac truong hop: a): Cu=1, MP=6; b): Cu=2, MP=6; c): Cu=1, MP=8; d): Cu=2, MP=8 va ban dd
GSMAP (e).
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3.2. Két qua dir bdo tir ngay 10—-13/07/2020

Duo¢i day 1a két qua déng hoéa céc s6 lidu gi6 v¢ tinh, s6 liéu quan tric tai tram va sd liéu
cao khong tai thoi diém 00z ngay 10 thang 07 nam 2020 (Hinh 4).
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Hinh 4. Ban d6 lugng mua tich lily mién d03 han 24h tinh tir 00Z ngay 10/7/2020 dén 00Z ngay
11/7/2020 tai cac truong hop: a) Khong dong héa s lidu. b) C6 dong hoa sb licu. ¢) S6 lieu mua
GSMAP.

So sanh két qua mé phong véi sb liéu mua vé tinh GSMAP (Hinh 4) cho thiy, truong
hop c6 dong hoa s6 liéu dd mé phong duge ving mua phit hop hon so véi trudng hop khong
c6 ddng hoa. Cu thé, trudng hop ddng hoa sb lidu di loai bo duoc ving mua ¢ khu vuc giap
ranh giita Lo va tinh Pién Bién, noi ma truong hop khong ddng hoa s liéu cho mua 16n.
Tai khu vuc Than Uyén (Lai Chau) déng hoa s6 lidu ciing cai thién dang ké chat lugng du
bao lugng mua.

D |

1D4.5
a) b) <)
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Hinh 5. Ban d6 lugng mua tich lily mién d04 han 24h tinh tir 00Z ngay 10/7/2020 dén 00Z ngay
11/7/2020 tai cac trudng hop: a) Khong dong hoa sé lidu. b) Co dong hoa sd liéu. ¢) S6 lidu muwa
GSMAP.

Phén tich ban d0 truong nhiét d6 khong khi tai do cao 2m & thoi diém 00Z ngay
11/7/2020 ctia mién tinh 3 (Hinh 6) c6 thé thdy duoc mot cach tong quat nhiét do khong khi
trudng hop c6 dong hoa sb lidu cao hon trudng hop mic dinh tir 1-2 d6 C, dic diém nay d&
dang nhén thay tai khu vuc Tay Béc va phia tay va tdy nam Dong bang Bac Bo. O truong
hop mic dinh, nhiét d6 khong khi dao dong tir 18 dén dudi 24 d6 C, tuy nhién nhiét d6 phd
bién & mirc dudi 22 @ C, trir khu vuc phia bic va phia dong tinh Son La. O truong hop c6
ddng hoa s lidu, nén nhiét trung binh phd bién & khoang 20-24 d6 C, ¢ noi trén 24 do C
trong khi truong hgp khong déng hoa, dién tich khu vuc c6 nhiét o tir 22-24 do C 16n hon
dang ké.

Hinh 7 thé hién truong gi6 du bao ctia mé hinh truong hop c6 dong hoéa va khong co
déng hoa sb liéu. So v&i mac dinh, sau khi déng hoéa sb liéu téc do gi6 da giam hon, cac vung
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gi6 manh cling thu hep hon. Tuy nhién huéng gié tai myc 10m ¢ han dy bao 24h khong c6
su khac bi¢t dang ké gitra truong hop c6 dong hoa va khong dong hoa.
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Hinh 6. Ban d truong nhiét d6 tai d6 cao 2m va vector gid tai han du bao 24 gio thoi diém 00Z ngay
11/07/2020 giita truong hop ddng hoa (trai) va mac dinh (phai), mién d03 (trén), mién d04 (dudi).
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Hinh 7. Ban d6 truong gié muc 10m han du bao 24 gid thoi diém 00Z ngay 11/07/2020 giita truong
hop dong hoéa (trai) va mic dinh (phai), mién d03 (trén), mién d04 (dudi).
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Hinh 8. Biéu d6 so sanh luong mua giita quan tric va trudng hop dong héa, khong dong hoa.

Bang 2. Két qua so sanh gitra quan tric va cac truong hop dong hoa, khong ddng hoa (mm).

10/07/2020 11/07/2020 12/07/2020
Quan trac
. 32,8 32,1 90,5
Pong hoa
) 129,7 19,6 74,2
Khong dong hoa
112,6 19,3 68,5

Biéu d6 Hinh 8 thé hién sy so sanh giita lvong mwa quan tric tai tram Than Uyén va cac
truong hop c6 dong hoa, khong ddng hoa. Két qua cho thay, ngay 10/7, mé hinh mé phong
lwong mua 16n hon quan tric, tuy nhién ngay 11 va 12/7 thi nguoc lai. Gia tri chénh léch &
ngay 11 va 12 /7 nho hon so véi ngay 10/7. So sanh luong mua mo6 phong gitta truong hop
ddng hoa va khong ddng hoa cho thiy truong hop c6 dong hoa cho luong mua cao hon.
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Hinh 9. Biéu d6 so sanh nhiét d6 giira quan tric va cac truong hop dong hoa, khong ddng hoa.

Hinh 9 14 biéu d0 thé hién su so sanh vé nhiét do giira quan tric va cac truong hop dong
hoéa, khong dong hoa. Co thé thay, truong hop dong hoa va khong dong hoa cho gia tri nhiét
d6 twong dwong nhau vao ngay 10 va 11/7/2020. Céac gia tri nay déu chénh 1éch so véi gia tri
quan tric khoang 0,5 do C. Két qua ngay 12/7 c6 su thay ddi khi gié tri nhiét do truong hop
dong hoa gan voi gia tri quan tric hon. Diéu nay cho thiy dong héa dit liéu gitp cai thién
chat lugng du bao nhiét d6 3 ngay & truong hop nay.
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Hinh 10. Biéu db so sanh d6 4m gitra quan tric va cac trudng hop dong hoa, khong dong hoa.

Két qua so sanh do am tuong d6i giita quan tric va cac truong hop dong hoa, khong déng
hoa duoc thé hién trong hinh 10. Két qua cho thay gia tri mo phong ¢ ca 2 truong hop dong
hoa va khong dong héa déu thap hon so v6i quan tric. PO 4m tuong dbi ngay 10 va 12/7/2020
truong hop dong hoa cao hon so véi trudng hop khong dong hoa. Piéu nay cho thiy dong
hoéa co cai thién chat lugng du bao truong d6 am nhung khong dang ké.

Taylor Diagram
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Hinh 11. Gian d6 Taylor so sanh chat lugng cac han du béo: 1 ngay (do), 2 ngay (xanh 14), 3 ngay
(xanh duong).

Gian do Taylor (Hinh 11) biéu thi so sanh chat luong cac han dy béo tir 1 dén 3 _ngay,
duoc tinh toan dwa trén két qua chay du bao 3 ngay cho cac thang 1 va thang 7. Co thé thdy,
han dy bao 2 ngay (xanh 1a) cho két qua gan sb liéu quan tric nhat véi chi sd tuong quan
khoang 0,7. Hé s6 twong quan cua han dy bao 3 ngay (xanh dwong) véi quan tric 13 0,6 va
cua han du bdo 1 ngay (do) 1a 0,5. Nhu vay, véi han du bdo 1 ngay mo hinh WRF cho két
qua du bao kém hon han 2 ngay va 3 ngay. Nguyén nhan c6 thé boi mé hinh cin c6 khoang
thoi gian spin—up ban dau nén khoang thoi gian nay ¢ thé 1am anh hudng dén chat lwong du
bao ngay thir nhat.
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4. Két luan

Nghién ctru nay str dung moé hinh WRF dé du bao céc truong khi twong d6 phan giai cao

cho khu vyc Than Uyén (Lai Chéu) bang phuong phap dong hoa dir liéu 3DVAR. S6 liéu
duogc st dung dé dong hoa bao gdm sb liéu gi6 vé tinh, s liéu quan tric mat dat va cao khong.
Mo hinh WRF véi ba luéi 16ng twong tac hai chiéu, d6 phan giai twong tmg 1a: 27 km, 9 km,
3 km, 1 km thir nghiém moé phong cho dot mua tir ngay 10-13 thang 07 nam 2020. Két qua
chat luong du bao vé dién va luong mua 6 trudng hop co ddng hoa s6 liéu déu dugc cai thién
hon so v6i truong hop khong ddng hoa. Két qua du bao cac truong nhiét do, d a am, gio (bao
gom huéng gid va tde gid) ciing duge danh gia. So sanh gitra quan tric voi trudng hop cd
ddng hoa, khong ddng hoa cho thdy moé hinh WRF c¢6 str dung ki thuat déng héa di cai thién
dugc sai 86 du bdo ¢ cac han du bao song chat luong cai thién chua cao. Tuy nhién két qua
nghién ctru ciing cho thay tiém ning cia viéc dong hoa nhiéu ngudn sb liéu, s& gitp cai thién
tdt hon trudng ban d4u cua mo hinh khu vuc, tir d6 nang cao chét lugng du bao & d phan
giai cao.
DPong goép cua tac gia: Xay dung y tudng nghién cou: N.D.N., N.X.A, N.V.H.; Lua chon
phuong phap nghién ctru: N.X.A., N.V.H., N.D.N.; Thu thap, xir Iy s6 liéu, chay mé hinh:
N.D.N., N.T.M., N.T.L., P.L.K.; Viét ban thao bai bao: N.D.N., N.T.M., N.V.H.; Chinh stra
bai bao: N.D.N., N.X.A., N.V.H.

Loi cam on: Nghién ctru nay duge thue hién va hoan thanh nho su hd tro ctia Dy 4n: “Ung
dung cong ngh¢ tu dong hoa trong qua trinh san xuat nguyén ligu va qua trinh san xudt, ché
bién ché xanh sao lan chét lugng cao tai cong ty c6 phan tra Than Uyén” Ma s6: CNC 003/19
va De tai: “Nghién ciru, thiét ké va ché tao mau tén lira nghién ctru (Sounding Rocket) dua
thiét bi khoa hoc dé thir nghiém thu thap dir li¢u khi quyén tang cao” Ma s6: VI-CN.02/18—
20.
Loi cam doan: Tap thé tac gia cam doan bai bdo nay la cong trinh nghién ctru cua tép thé
tac gia, chua dugc cong bo ¢ déu, khong duge sao chép tir nhiing nghién ctru trude day;
khong c6 su tranh chap loi ich trong nhom tac gia.
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Application of Data Assimilation for High—Resolution Simulation

of Meteorological Variables over Than Uyen area (Lai Chau)

Nguyen Duc Nam!, Nguyen Tien Manh!, Nguyen Thanh Linh!, Nguyen Xuan Anh!,
Pham Le Khuong', Nguyen Van Hiep'**
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2 Northern Delta Regional Hydro—Meteorological Center; hiepwork@gmail.com
3 Graduate University of Science and Technology; khuongpl@jigp-vast.vn

Abstract: In this research, the WRF model with a 3DVAR data assimilation is used to
simulate the high-resolution meteorological fields for Than Uyen (Lai Chau) area. The data
used include satellite wind data, surface observations at stations and sounding data within
the model domains. The results showed that data assimilation improved the quality forecast
of temperature, humidity and precipitation in comparison with the control case.

Keywords: WRF3DVAR; Data assimilation; Spin—up, Heavy Rainfall.
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Tém tit: Song va nude dang trong bao/ap thap nhiét déi 1a nhitng hién tugng thién tai dic
biét nguy hiém, 6 tac dong 16n dén cac cong trinh va nganh kinh té ven bién. bic biét, khi
bio d6 bo vao thoi diém tridu cudng, sy két hop gitra song, nudc dang va thiy tridu s& gay
nén myc nudc téng cong 16n 1am ngap lut va x6i 16 bd bién, pha hiy nhiéu cong trinh ven
bién. Ngép lut vung ven bo bién khi bdo d6 bd phu thudc vao dia hinh khu vuc (trén can va
dudi nudce), thuy tridu, nude dang do bio va nude dang do song. Chinh vi vy, mé hinh dy
bao ngap lut ven bd can thiét phai tinh dén dong thoi anh huong cia thay tridu, nude dang
do bdo va séng. Ngoai ra, dia hinh khu vuc ven bo can thiét phai c6 do phén gidi chi tiét va
c6 xét téi hé thong dé bién. Mo hinh tich hop thuy triéu, song va nuéc dang bio SUWAT
(surge wave and tide) duoc phat trién tai dai hoc Kyoto Nhat Ban, da va dang dugc ap dung
trong du bao nudc dang bio tai nhidu noi trén thé gidi trong d6 c¢6 Trung tim dy bao khi
tuong thuy vin qudc gia. Trong nghién ciru nay, tac gia s& trinh bay cac két qua nghién ctru
mod phong ngap lut trong bio tai ven bién Thai Binh trong mdt con bdo quéa khir va vai cac
kich ban bdo gia dinh. Nghién ctru sé& 14 co s& dé tién t6i tng dung md hinh SUWAT trong
canh bao, du bao nghiép vu ngép lut cho vung bién ven bd Viét Nam.

Twr khoa: Nudce dang do bao; Ngap lut; Nude dang do song; SUWAT.

1. Mé dau

Ven bién Thai Binh thudc Pdng Bang Bic Bo ciing 13 noi thuong xuyén bi anh huéng
ciia bio va ap thap nhiét doi. Tai khu vuc ven bién nay, lich sir da ghi nhan nhiéu con béo
manh gy nudc bién dang, song 1on va ngap lut ven bo trén dién rong nhu bio Frankie
(7/1996), Niky (8/1996), Washi (7/2005), Damrey (9/2005), Son Tinh (10/2012), Kalmaegy
(9/2014), Mirinae (7/2016), Doksuri (9/2017). Thuy triéu ven bién Thai Binh c6 bién d9 16n,
nude dang do bao dac biét nguy hiém khi xuét hién vao ding thoi ky tridu cudng, myc nudc
tong cong dang cao, két hop vdi song to co the tran qua dé vao khu do thi, dong rudng, day
chinh la nguyén nhan gay thiét hai nang né vé ngudi va ctia. DA c6 nhidu con bio anh huong
t6i khu vue dang vao ky tridu cuong nhu bdo Washi (7/2005), Damrey (9/2005), Son Tinh
(10/2012) Kalmaegy (9/2014) Doksuri (9/2017). Ving ven bién Thai Binh dang 1a trong
diém phat trién kinh té cua tinh, khu vuc ndy tir 1au 13 noi tap trung cac hoat dong nuéi trong
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thiy hai san c6 quy mo 16n. Hi¢n nay khu vuc ciing 1a noi tap trung 16n cac khu, cum cong
nghiép, cang bién, cang song, cac nha may nhiét dién; khu vuc Con Pen, Cdn Vanh hién nay
dang 1a nhirg khu du lich nghi dudng thu hut rat nhiéu khach trong va ngoai tinh. Tuy nhién,
cho t&i hién tai, cac san pham du bao ciia Trung tim Dy bao khi twong thuy vin qubc gia va
Dai Khi twong Thity van khu vyc dong bing Béc B chi dimg lai ¢ thong tin vé d6 16n nudce
dang va d¢ cao song tai khu vuc, chua c6 mot cong cu du bao ngép lut do nude dang két hop
v6i thiy tridu va song trong bio. Chinh vi vay, viéc nghién ciru va xay dyng mo hinh du bao
nude dang, song 16n do bao két hop voi triéu cuong gay ngap lut ven bién tinh Thai Binh 1a
hét sirc can thiét va co y nghia thuc tién, nham phuc vu hiéu qua cho phong chong thién tai va
phat trién kinh té xa hoi khu vuc ven bién tinh Thai Binh.

Hién c6 nhiéu phuong phap tinh toan va du bao nudc dang va song 1én do bio nhu
phuong phap sir dung cac cong thirc ban thyc nghiém, phuong phap synop va phuong phap
md hinh s6 tri. Trong d6 phuong phap sir dung md hinh s6 tri dugc danh gia la phuong phap
hi¢u qua, dang tin cdy va on dinh nhat ma khong mat nhleu thoti gian. Tai Viét Nam, nghién
ctru vé nude dang bao co xét toi anh hudng cua thiy triéu da dugc thyc hién boi mt s6 tac
gia [1-6]. Noi dung chinh cta nhirng nghién ctru nay chu yéu tap trung danh gia nudc dang
khi bao d6 bd vao cac pha triéu khac nhau. Anh huong cia song bién t6i nude dang do bao
gan ddy da duoc nghién ctru. Nude dang do (mg suét birc xa song tinh theo cong thic ban
kinh nghiém 1a dang ké tai ven bién Hai Phong [7]. M6t sb nghién ctru nuéc dang do bio c6
xét téi anh hudng cua thuy tridu va song bang mé hinh s6 tri tich hgp SUWAT dugce thyc hién
boi nhém tac gia [1, 3. 4, 6, 8-10]. Mac du s dung ludi khong gian c6 do phan giai tho, tuy
nhién cac nghién ctru & trén déu chi ra ring song bién dong g6p mot phan dang ké t6i nude
dang va ngép lut ven bodo bado. Tuy nhién, nghién ctru v€ ngép lut khu vyc ven bién do tac
dong cua thuy triéu, nude dang do bio va nude dang do song chua duge thye hién. O nuéce
ngoai, gan ddy xu hudng sir dung mé hinh s6 tri c6 xét t6i tuong tac nude dang, song va thuy
triéu (moé hinh tich hop) vao du bao nudc dang do bao va ngap lut ven bién dang duoc quan
tam do ¢ nhiéu wu viét so v6i phuong phap truyén théng (chi xét toi tac dong cua gio va khi
ap). V61 mo hinh tich hop, tac dong cua song to1 nude dang bao dugc thé hién quaung suat bé
mat do song va ing suat birc xa song tai vung ven bo. Véi 16p bién mat bién, ung suat da
dugc thay thé bao gdom 1a ham ciia ca tham s gié va song [11-12]. Mot vai nghién ciru da
kiém tra tac dong ctia ing suat bé mit do song cho thdy mé hinh tich hop da cai thién dang ké
két qua tinh toan nudc dang bio khi so véi sé liéu quan trac [13-15]. Tai khu vuc sat bd, nude
dang do tng suit buc xa song ciing da duoc nghién ciru nhidu bang mé hinh tich hop [13],
[16-18]. M6 phong bang mé hinh két hgp ADCIRC va SWAN cho thay nude dang do song
c6 thé dong gop tir 10—15% vao muc nude dang cuc tri trong bio [13]. Trong con bdo Katrina
nam 2005 tai Hoa Ky, nu6c dang do cac hiéu tmg song ven bo chiém tdi 80% muc nude dang
cuc tri trong khi cac anh hudng khac nhu thiy triéu, song bé mit va nude dang do gi6 chi
dong gop 20% [19].

Mo hinh tich hop thay triéu, song va nudc dang biao SUWAT (Surge Wave And Tide)
dugc phat trién tai dai hoc Kyoto-Nhét Ban [17, 20-21], da va dang dugc ap dung trong du
bao nudc dang béo tai nhiéu noi trén thé gidi trong d6 c6 Trung tim Dy bao khi tuong thuy
van quéc gia. Trong nghién ctru nay, két qua mo phong ngép lut trong bio tai ven bién Thai
Binh trong con bao Damrey (9/2005) va véi cac kich ban bao gia dinh dugc thuc hién.
Nghién ctru s& 14 co so dé tién toi tng dung mo hinh SUWAT trong canh bao, du bao nghiép
vu ngap lut cho viing bién ven bo Viét Nam.

2. Gi6i thiéu md hinh SUWAT

2.1. M6 hinh thuy dong lyc hoc

SuWAT la m hinh Couple dy tinh dong thoi cé thily triéu, song bién va nude dang do
bad. M6 hinh nay dugc xay dung tai dai hoc Kyoto — Nhét Ban, bao gom 2 mé hinh thanh
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phan 1a m6 hinh thiy triéu va nudc dang dua trén hé phuong trinh nuée néng 2 chiéu cé tinh
den nudc dang do ung xuat song va mo hinh quen thugc SWAN tinh todn song. H¢ phuong
trinh co ban cua mo hinh nudc néng 2 chi€u duge mo ta nhu sau:

an , OM | N

m+§+$= (1)

oM 9 (M?\ 8 (MN an

a*a(ﬂ*a(d) 9% 5%

1 oP 1, . M 92M )
= N—Eda+a(rs—rb +F,C)+Ah<a 2+6y2>

ON 0 (N? 0 (NM on

E+@<F>+a(d) 945y

1 op 9°N 9N )
__fM—Ed@+—(TS—Tb y)+Ah<ﬁ+6_yz>

Trong d6 n 1a muc nude bé mat; M, N 1a thong luong trung binh theo d6 sau, theo
huéng x va y; F 1a tham sb coriolis; P 14 4p sudt khi quyén; d 1a d6 sau tong cong d =1 + h, voi
h 1a d6 s&u muc nudc lac yén tinh; Ay 1ahé s6 khuéch tan rdi theo phuong ngang; p,, la mat
d6 nudc; 1, T, lating suét day va ing suét bé mit; E., F, latng suét song dugc thém vao
dé tao nudc dang do song, dwoc tinh tir md hinh SWAN theo cac cong thirc dudi day:

e @)
Sex = Pg [%gcosz ] +%g—% Edodf (5)
Sy = Syx = pg[cos O sinB] Edodb ©
Syy = Pg [ sin?6 + g——] Edodo )

Céc tham sb tai cac cong thuc (5) dén (7) duoc dinh nghia trong co so ly thuyét ciia mo
hinh SWAN. M6 hinh SUWAT duoc thiét 1ap tinh toan trén ludi 16ng voi ciu trac duge minh
hoa nhu trén Hinh 1.

| Mo hinh tich hop thuy triéu - song - nwéc diang (SuUWAT)

Mién 1 Mién 2 Mién N
4{ Modul bio ‘ |:> 4{ Modul bio ‘ |:> |:> —{ Modul bio ‘
| Gi6va | Giova Gio va
q a ap suat 4 A
e Piura i Déu ra o suet

Muc nudc Murc mirde
L 5 Modulrnucr_c: ding || b va L, Modulr nwde ding ova > Modu{ nude ding
thuy trieu dong chay thuy trieu dong chay thiy triéu
Muyc nude | HE so kéo Muyc nuée | HE so kéo Muc nude | Hé s0 kéo
va va ung sudt va va Ung suat va va img suat
dong chay phat xa dong chay | phatxa dong chay phét xa
Diura Diura
A 4 A 4 h 4
—>{ Modul song %» Pho song —>‘ Modul song }‘F Pho song » Modul song

Hinh 1. Ciu trac luéi 10ng ctia mé hinh SUWAT.
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2.2. M6 hinh bdo gidi tich

M6 hinh SUWAT c6 thé nhan trudng dau vao gio, ap tir cac mo hinh béo giai tich va tir
cac mo hinh du bao so6 tri nhu WRF, HRM.... Trong nghién ctru nay, mé hinh bao giai tich
[17] dugc lua chon d€ mé phong truong gio. ap theo cac tham s bao dugc lay tir so li€u best

track (https://www.jma.go.jp/jma/indexe.html). Trudng ap suit khi quyén duoc tinh theo
cong thuec:

Poo—P;

TiGrm? )

Trong d6 P 1a Ap xuét & tim bao; P 12 ap xuét & ria bdo; ro 13 ban kinh gi6 cuc dai; rla
khoang cach tir tim bio t6i diém tinh.

Van tbc gié gradien duoc tinh theo mbi lién hé v6i phan bd cua ap xuat khi quyén nhu
trong cong thirc (8). Trong khi d6 vén tdc gié theo mbi lién hé véi tée d6 di chuyén cia tim
bao dugc tinh theo cong thirc (9).

1 oP _m
___ﬁ,__zg 9) V,=c,Ve 0 (10)

P(r) =P, —

Téng hop 2 thanh phin nay ta ¢6 van tdc tong hop nhu sau:

_(Vxy —Vy(sina - cos 8 + cosa - sin ) Vig\ _mr 1
v_(vy)_cl<l{g(cosa-cosﬁ—sina-sinﬁ) +CZ(Uty)e 500 (i

Trong do6 gia tri cac hé s6 nhu sau: ¢; = 0,6 + 0,8, c2 = 0,50 + 0,8.
3. Anh hwéng ciia song dén ngép lut ven bién Thai Binh trong bio

3.1. Mién tinh va ludi tinh cho mé hinh

Dé c6 duge san pham dy bao v6i do tin cdy cao, dia hinh khu vuc ven bo can thiét phai co
do phan giai chi tiét va co xét t6i hé thdng dé bién, bao gém ludi long 3 16p (Hinh 1). H¢
thong ludi 1ong duoc xay dung cho khu vue nham 3 myc dich: (1) ¢6 thé chi tiét hoa sy bién
doi phuec tap cua dia hinh khu vuc ven bo nham tang do chinh xac cuta tinh toan, (2) tang kha
nang tinh nude dang do song boi nude dang do song can tinh trén ludi cd d6 phan giai cao, (3)
giam thoi gian tinh toan. Mién tinh va luéi tinh cho cac khu vuc duoc mo ta chi tiét dudi day:

— Luéi tinh Bién Dong (luéi D1): day 1a mién tinh 16n nhat duoc xay dung voi do phan
giai ngang Skm x 5km, bao phu tir vi d6 0-25°N, kinh d6 95—120°E. Mién tinh, truong do sau
ca cac ludi D1, D2 va D3 dugc thé hién trén Hinh 2.

— Ludi 16ng ké tiép (lu6i tinh khu vuc—D2): luéi tinh D2 duge thiét 14p cho ving bién
Vinh Bic Bo, véi ciing d6 phan giai 1 phit (khoang 1850 m), bao phu tir vi d6 18,0-22,0°N,
105,0-108,0°E.

— Ludi 10ng thir 3 (Iuwdi dia phuong—D3): ludi tinh D3 duge thiét 1ap cho khu vuc ven
bién Thai Binh vé&i d6 phan giai cao 300m x 300m, mién tinh bao phu tr 20,23-20,72°N,
106,40-106,75°E.

Trén Bang 1 mo ta thong tin chi tiét vé mién tinh, sb diém ludi va do phan giai cta cac ludi
tinh cho khu vuc ven bién Thai Binh.

Bang 1. Thong tin vé mién tinh va luéi tinh cho khu vuc bién Thai Binh.

Luéi Mién tinh D6 phén giai (Ax x Ay)
DI 95° — 125°E, 0° — 25°N 5000 x 5000
D2 105,0° — 108,0°E, 18,0° —22,0°N 1850 x 1850

D3 106,40° - 106,75°E, 20,23° — 20,72°N 300 x 300
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Hinh 2. Mién tinh va treong do sau cia lugi D1, D2 va D3.

3.2. M6 phong ngdp lut ven bién Thai Binh

Viéc hiéu chinh va kiém dinh mé hinh SUWAT, cling nhu mo hinh bao giai tich da dugc
thyc hién va trinh bay nhiéu lan trong cc nghién ciru thude cac bai bao va cac dé tai nghién
ctru khoa hoc [1, 4, 5],... Vi vay trong bao cdo niy, tac gia s& khong trinh bay cac két qua
hiéu chinh va kiém dinh mé hinh nira ma trinh bay cac két qua chinh cta nghién ctru du bao,
canh bao ngap lut cho ven bién Thai Binh gay ra bai nudc dang va song 1n trong bio.

a. M6 phong ngdp lut ven bién Thdi Binh trong bdo thdt

Vi trudng hop con bao trong thyc té d6 b vao khu vuc, tac gia chon bdo Damrey thang
9 nim 2005 dd bd vao Nam Dinh, véi stc gi6 manh toi cép 10, 11. c6 noi giat trén cép 12 46
b truc tiép vao ven bién cac tinh Thai Binh, Nam Dinh, Ninh Binh, Thanh Hoa, Hai Phong
vao rang sang ngay 27 thang 9 da gay vo dé bién Nam Dinh lam nuée bién tran vao sau trong
dat lién. Do khong ghi nhan duoc s liéu quan tric muyc nude dang cling nhu d6 cao ngép lut
ven bo Thai Binh, nén trong bao cao nay tac gia lya chon s6 liéu quan tric tai tram dao Hon
Dau va Hon Ngu (noi ¢6 s6 liéu quan tric gan khu vuc nghién ctru nhat) dé so sanh véi két
qua tinh toan tr md hinh. Trén hinh 3 13 so sanh bién thién muc nude quan tric vdi nudc dang
tinh toan trong bdo Damrey tai Hon Dau va Hon Ngu theo 2 phuong an c6 va khong xet tdi
anh huong cua song bién. Két qua cho thay, vé xu thé két qua tinh toan tr mé hinh twong ddi
phu hop véi bién thién muc nude quan trac V& gia tri, vi phuong 4 an co tinh dén anh huong
clia séng md hinh cho két qua tinh todn gan dang véi gia tri quan tric hon so v6i phuong an
khong xét dén anh hudéng cua song, phan dong gop ciia nudc dang do tmg xuét song la
khoang hon 20cm tai thoi diém bdo d6 bo vao bo.
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Hinh 3. So sanh bién thién myc nudc quan tric voi nude dang tinh toan trong bdo Damrey (9/2005)
tai Hon Déu (a) va Hon Ngu (b) theo phuong an ¢6 va khong xét t6i anh huong cua song.

Trén hinh 4 13 phan b ngap lut do bao Damrey tai ven bién Thai Binh theo phuong 4n
khong (4a) va c6 (4b) xét t6i anh huong cua song. Trong do, ca 2 trudong hop déu dugc tinh
t61 anh huong cua thiy triéu thyc tai khu vue trong qua trinh bao d6 bo. Do bdo Damrey gay
nuée dang chua thé téi mic tran qua dé tai ven bién Thai Binh nén két qua mo phong ngap lut
¢ day la cho truong hop ven bién Thai Binh khong c6 dé hodc dé bi vd. Day la phuong an
duoc Iya chon dé tinh toan nguy co ngap lut do nude dang do bio tai cac khu vuie ven bién ma
trén thé gisi thuong lam.

Két qua cho thay, voi truong hop khong xét toi anh hudng cua song, nudc dang do bao
két hop voi thily triéu giy ngap véi dién tich 191,759 km?2. Trong trudng hop xét téi anh
hudng cua song dién tich ngép 1én t6i 258,246 km?. Nhu vay trong truong hop xét téi anh
hudng ctia song, nude dang do ng suét birc xa song da gop phan dang ké 1am ra ting ngap lut
tai ven bién Thai Binh trong bdo Danrey.

3

106724

Hinh 4. Két qua mo phong ngép lut ven bién Thai Binh trong con bdo Damrey (thang 9/2005) véi
truomg hop khong (a) va co (b) xét dén anh hudng cua song bién.

b. Mé phéng ngdp lut ven bién Thai Binh trong bdo gid dinh

Nhu da trinh bay & trén, trudng hop xét t6i anh huong ciia song, nudce dang do tmg suat
btrc xa song da gop phan dang ké 1am ra ting ngp lut tai ven bién Thai Binh trong bao
Danrey. Vi vy tac gia sé lua chon phuong an tinh ¢ xét toi anh hudng cia song dé tinh toan
véi cac kich ban ngép lut khu vue ven bién Thai Binh theo cac c?ip bdo dd bo tir cép 10 d&én
cép 12. Pay 1a khoang cap bio ¢ cb nguy co cao xuat hién tai khu vuc. Hudng di chuyén va
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vi tri d6 bo dugc gia dinh s& gy nudc dang 16n nhat tai ven bién tinh thai Binh, voi hudng d6
bo true dién va vi tri d6 bo nim phia Nam cua tinh, giap tinh Nam Dinh.

Trén hinh 5 12 két qua mo phong ngép lut tai ven bién Thai Binh véi cAp bao d bo tir 10—
12. Ket qua cho thiy vé6i cip bio cang ting thi nguy co ngp cang cao. Dién tich ngap theo
céc cap bao twong tmg 14 263,275 km?, 327,073 km?, va 417,647 km?, twong (mg véi bio cip
10, 11 va 12.

e ew T 0626 16 106% 10642

106°24 10630 ' 106%42

Hinh 5. K&t qua mé phong ngép lut ven bién Thai Binh trong con béo gia dinh cip 10 (a), cép 11 (b)
va clp 12 (c).

Két qua mo phong ngép lut cho trudng hop bio cip 10 d6 bd vao khu vire voi cac pha
thity triéu khac nhau dugc thé trén hinh 6 cho thiy mirc d6 ngap ting cung véi do cao cia
thity triéu, khi bdo d6 bo vao triéu cuong (d6 cao thiy triéu 1m trén muyc nude trung binh thi
dién tich ngap 1én toi 760,378 km?, gan gép 3 1an so voi truong hop bio d6 bo vao thoi diém
thity tridu & mirc trung binh (263,275 km?).

A2%42

10630 1063 1062 ] 10630 10636 10642 10624 10573 106% 10642

Hinh 6. Phan bé ngép lut do nudc dang bio véi bao cip 10 d6 bo vao thoi diém muc nudc tridu trung
binh (a), cao 0,5 m (b) va 1 m (¢).



Tap chi Khi twong Thity van 2021, 724, 72-81; doi:10.36335/VNJHM.2021(724).72-81 79

4. Két luin

Trong nghién clru ndy, mo hinh du bao nudc dang do bao va ngap lut ven bo cho khu vuc
ven bién Thai Binh di dugc xay dung. SUWAT la mé hinh tich hop thuy tridu, séng va nude
dang do bdo. Mién tinh va ludi tinh 13 ludi 10ng 3 16p, trong d6 mién tinh D3 duoc xay dung
chi tiét voi d6 pham giai 300 m cho ven bién Thai Binh. Cac két qua tinh todn, mé phong
ngap lut cho bio thyc, cip bao theo kich ban va cac pha thily triéu khac nhau da duogc trinh
bay trong bao cdo. Mot s6 két qua chinh ciia nghién ctru nhu sau:

— Pi x4y dung duoc hé thong luéi tinh 16ng 3 16p phuc vu du bao nudc dang do bio va
ngap lut ven bd tai ven bién tinh Thai Binh bao gom ludi tinh Bién Dong, mién va khu vuc
v6i d6 phan giai ting dan téi 300m (luéi khu vire—D3) dé c6 thé mé phong chi tiét ngap lut
vung ven bo tai khu vuc. _

—Pi danh gia twong tac giita thay triéu, song bién va nudc dang bio tai khu vuc. Két qua
cho thay, thity tridu chi ¢ anh huong dang ké toi nude dang tong cong khi bio d6 bo vao khu
vuc ¢6 bién do tridu cao tai thoi diém triéu cuong. Trong khi d6, song trong bdo gy nudc
dang dang ké qua d6 dé xuat phuong an ap dung vao du bao nghiép vu.

— Két 'qua md phong ngdp lut ving ven bo méc du chua dugce kiém chung day di nhung
cho xu thé phti hgp véi cac phuong an tinh toan. Ngoai mé phong ngap lut cho truong hop
bao thuc té (bdo Damrey thang 9/2005 d6 bo vao Nam Binh), nguy co ngap do mét sb kich
ban bio d6 bd va d6 bd vao cac pha thiy triéu khac nhau ciing dugec mé phong va phén tich.

Nhiing két qua da dat duoc ciia nghién ctru ndy sé& 1am co s dé tién téi img dung moé hinh
SuWAT trong canh bao, du bao nghiép vu ngap lut cho ving bién ven b Viét Nam.

Dong gop cia tac gia: Xay dung y tuong nghién cuu: P.V.T., N.B.T.; Lua chon phuong
phép nghién cuu: P.V.T., NK.C.; Xt ly so li¢u: P.K.N., P.Q.H.; Viét ban thao bai bdo:
P.V.T., P.K.N.; Chinh stra bai bao: N.B.T., N.K.C.

Loi cam on: Nghién ctru nay duoc hd trg boi Dé tai nghién ctru khoa hoc cap bo Bo Tai
nguyén va Moi truong, “Nghién ciru xdy dung hé thong di bdo t6 hop séng bién cho Viét
Nam phuc vu phong chong thién tai”, ma s TNMT.2018.05.28. Téap thé tac giai xin chan
thanh cam on.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cua tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day, khdng co
su tranh chap lgi ich trong nhom tac gia.
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Effect of waves during the storm on coastal inundation in Thai
Binh province
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Abstract: Waves and storm surges during the tropical typhoons are ones of the most severe
natural disasters, which significantly affect on coastal structures in coastal area. Especially,
when typhoon comes during high tidal level, the combination of waves, surges and tides is
the cause of coastal inundation and erosion, resulting in destroying coastal constructions.
Technically, coastal inundation caused by typhoon depends on the coastal topography (land
and underwater), tides, storm surge and wave setup. Therefore, the effects of tides, storm
surge and waves are necessary to taken into account to forecasting inundation model. In
addition, the coastal topography needs to have very high resolution and to consider the sea
dyke system. A coupled model of surge, wave and tide (SUWAT) developed by Kyoto
University, Japan has been applied in forecasting storm surge at the Vietnam National
Center for Hydro—meteorological Forecasting. In this study, the results of simulated
inundation along the coastal area of Thai Binh Province during the Damrey (9/2005)
typhoon are presented in wich several scenarios are performed. Based on this study,
SuWAT model could be further researched on warning and forecasting inundation for
coastal areas of Vietnam.

Keywords: Storm surge; Inundation; Wave setup; SUWAT.
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Tém Tit: Song Bé 1a chi luu 16n nam bén bo hitu song Pong Nai, hoat dong kinh té chu
yéu ctia luu vuc nay la phat trién nong nghiép, ddc biét la cay cong nghiép nhu cay ca phe,
cao su, tiéu va dleu Trong nhirng nam gan day, dudi anh huong cua sy gia tang dan so va
phat trién kinh té, qué trinh chuyén doi sir dung dat dién ra nhanh chéng trén toan luu vuc.
Muc ti€u cta nghién ctru nay la mg dung mo hinh CLUE—s md phong qua trinh thay doi str
dung dat theo kich ban gia ting dan s6 nham cung cap thong tin cho cic nha quan ly dia
phuong c6 thém co s& khoa hoc trong cong tac quan 1y va quy hoach sir dung dat bén ving.
Dé dat duoc muc tiéu nay, dit liéu sir dung dat trong giai doan 2000-2010 duoc sir dung dé
phan tich xu hudng thay ddi ctia cac loai hinh st dung dat ctia khu vire nghién ctru. Pong
thoi, phuong trinh hdi qui logistic duoc sir dung dé xay dung méi tuong quan ciia cac loai
str dung dat véi cac yéu t6 anh huong. Két qua nghién ctru cho thay hoat dong sir dung dat
trén luu vue séng Bé ¢6 xu hudng giam dét rimg va gia ting dat ndng nghiép va dat do thi,
cu thé dién tich dét rimg so v&i nam 2005 giam 1an luot qua cac ndm 2030, 2050 va 2080 1a
299,81 km?, 408,69 km? va 597,19 km?. Dong thoi, dién tich dat d6 thi so véi ndm 2005
tang 1an luot qua cac ndm 2030, 2050 va 2080 14 46,5 km?2, 90 km? va 155,6 km? tuong
duong gia ting 94,85%/nam. Trong d6 hai qua trinh chuyén doi sir dung dat chinh 1a: (1)
dat rimg chuyén thanh dat nong nghiép va (2) dat nong nghiép chuyén thanh dat do thi.

Tir khéa: CLUE-s; Thay ddi sir dung dét; Luu vuc song Bé; Phuong trinh héi qui logistic.

1. bat van dé

Hién nay, ap luc vé gia tang dan s6 cung nhiing chinh sach phat trién kinh té dang tao ra
nhirng strc ép to 16n dén cac nguon tai nguyén thién nhién, trong do bao gbm tai nguyén dat.
Nhiing chinh sach phat trién kinh té—xa hoi nhu mé rong dat d6 thi, hinh thanh cac khu cong
nghiép, gia tang dién tich dét nong ‘nghi¢p da dan dén dién tich dét rimg ngay cang bi thu
hep. Diéu d6 da nhanh chong thic day su thay d6i muc dich sir dung str dung dat, bao gdbm viéc
chuyén dét ring tu nhién thanh dit san xuat néng nghiép, mot phan dat nong nghiép lai duoc
dung dé xay dung khu dan cu, khu d6 thi [1-2]. Tai luu vyc song B¢, tir nam 2010 dén nam
2015, dién tich dat d6 thi tang tir 560 ha I1én 1.687 ha twong dwong gan 200% va dién tich
rimg giam 3.044 ha. Bén canh do, cac hd chira duoc xy dung nham muc dich thiy dién nhu
Thac Mo, Can Pon, Srok Phu Miéng va Phuéc Hoa,... ciing gdy ra nhitng tic dong khong
nho dén qua trinh chuyén dbi sir dung dét tai luu vuc song Bé. Do dé, viée du bao duoc xu
hudng thay doi sir dung dat va nhin dang duoc cac nhan t6 anh huéng dén qua trinh str dung
dat s& cung cap nhitng thong tin quan trong trong cong tac sir dung va quan 1y dat bén viing.

Tap chi Khi twong Thuy van 2021, 724, 82-93; doi:10.36335/VNJHM.2021(724).82-93  http://tapchikttv.vn/
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Céc mo hinh thay ddi sir dung dat 13 cong cu hitu ich dé phan tich cac yéu tb tac dong
dén qua trinh thay doi sir dung dat va mo phong cac két qua co thé xay ra trong twong lai cta
thay dbi str dung dat [3]. Bong thoi, phén tich nguyén nhén va xay dung cac kich ban tuong
lai cho mé hinh str dung d4t con nham muc dich hd tro cho viée 1ap ké hoach va dwa ra cac
chinh sach st dung dit cta cac nha quan Iy [4]. C6 nhiéu mo hinh thay ddi sir dung dat nhu
mo hinh Markov—Cellular Automata, m6 hinh LCM (land change model) va m6 hinh CLUE
(Conversion of Land—Use and its Effects), trong d6 m6 hinh CLUE véi phién ban CLUE—s
da va dang duoc nhiéu cong trinh nghién ctru trén thé gidi ap dung phd bién va co két qua tbt
tai nhiéu khu vue khac nhau. Mot vai nghién ctru dién hinh st dung m6 hinh CLUE-s [6] tai
Chau Au, nghién ctu [6] tai Bic Kinh, Trung Qudc va nghién ctu [7] tai cac quin
Pennsylvania, Hoa Ky. Bén canh do, m6 hinh CLUE-s cling da dugc ung dung tai Viét Nam
tai khu vuc Cho Pon, Bic Kan [8]. Cac nha nghién ctru di chimg minh rang mo hinh CLUE—

s phu hop cho viéc mo phong su thay d6i str dung dt dya trén mbi quan hé ciia cac loai sir
dung dat voi cac yéu t6 tac dong 1én né va su canh tranh giita cac loai st dung dét véi nhau
[9].

Muc tiéu ctia nghién ctru 1 4p dung mo6 hinh CLUE-s dé mé phong st dung dt cho luu
vuc séng Bé tng voi kich ban gia ting dan s giai doan 2020-2100. Két qua cua nghién ctu
c6 thé gitip cac nha quan 1y hiéu rd hon vé cac nhan t6 anh huéng dén qua trinh thay d6 st
dung dét ciing nhu c¢6 bic tranh thay doi sir dung dat twong ing véi sy gia ting dan s trong
tuong lai tir d6 dua ra nhitng chinh sach quan 1y va quy hoach hop 1y nhim giam thiéu tac
dong khong mong mudn tir viéc thay dbi sir dung dat dén maoi truong ma van dap tng duoc
muc tiéu phat trién kinh té tai khu vuc nghién ciru.

2. Phuwong phap nghién ciru

2.1 Gioi thiéu khu vuc nghién cieu

S6ng Bé 1a mot trong bén phu luu 16n ciia hé thdng song Dong Nai véi dién tich 7.839
km? trong d6 dién tich thudc tinh Binh Phudc 1a 5034 km?2, Dik Nong 1 960 km?2, Binh Duong
818 km? Dong Nai 551 km? (Hinh 1). Luu vyc song Bé ndm trén viing chuyén tiép tir dia hinh
nui cao, cao nguyén cta phan cudi phia Nam diy Truong Son xudng dong bang Nam Bo nén
dia hinh bién d6i rat da dang va phic tap. Khi hau song Bé mang tinh chat nhiét doi gié mua,
dic trung 1a su phan hoa thanh hai mia muwa—khé twong phan nhau sau sic. Nhiét d6 trung
binh trong khoang tir 25,5°C — 26,7°C; lvong mua trén luu vuc song Bé vao loai 16n nhat trén
toan hé thong song Pong Nai, tir 2.200-2.600 mm. Muia mua thuong kéo dai 6 thang tir thang
V — X tring véi mia gié mua tdy nam hoat dong véi lugng mua chiém trén 85% luong mua
ca nam. Mua kho kéo dai 6 thang tir thang XI dén thang IV nidm sau véi luong mua chiém
khoang 15% lugng mua ca nam [10].

Tong dién tich dat tu nhién tai luu vuc song Bé theo théng ké vao nam 2015 1a 7.838,9
km?, bao gdm, dt ring 12 1.378,7 km2, chiém 17,59%; dat nong nghiép 14 5.587,7 km?, chiém
71,28%; dat do thi 1a 16,87 km? chiém 0,21%; dat mét nuoc 1a 151 km? chiém 1,92% va dat
dé)ng 6 1a 704,6 km2, chiém 8,98%. S6 liéu théng ké cho théy co cAu sit dung dét cua luu
vuc song Bé trong cic ndm gan day c6 sy thay d6i theo chiéu hudng ting dién tich dat san
xuét néng nghiép va dat do thi, giam manh dién tich dat 1am nghiép. Tir nim 1992 dén nim
2015, dién tich dat 1am nghiép giam 1.526,4 km? turong duong voi 19,47% dién tich toan luu
vuce, trong do giai doan rung suy giam manh nhat 13 tr nam 1992-2005. Dong thoi, dién tich
dat san xuat nong nghiép tang 1.303,2 km? va dién tich dat do thi tang 15,5 km?, trong d6, giai
doan 2005-2015 1a giai doan dat d6 thi phat trién manh nhat. V&i xu hudng ngdy cang ting
cudng phat trién do thi, khu cong nghiép, bé tong hoa... c6 thé gy ra nhiéu anh hudng xau
cho moi truong cua luu vuc.
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Hinh 1. Luu vuc song Bé.

2.2. Co 56 Iy thuyét mé hinh CLUE—s

M6 hinh CLUE dugc xay dung boi [11] nham mé _phong sy thay 601 st dung dat dya
trén mdi quan h¢ dinh luong gitra hién trang s dung dat va cac nhan t6 anh huong sy thay
doi str dung dat. Nam 2002, cach tiép can mé hinh CLUE di duoc stra doi boi Peter Verburg
phéi hop véi mot ) déng nghiép tai Khoa Khoa hoc Méi trudng tai Pai hoc Wageningen &
Ha Lan, va cac phién ban stra d6i dugc goi 1a CLUE—s [9]. M6 hinh CLUE-s bao gdbm 2 mo—
dun: m6—dun phi khong gian va m6é—dun khong gian (Hinh 2). Mé—dun phi khong gian xac
dinh nhing thay doi str dung dat theo nhu cau kinh té—x4 hoi trong vung nghién clru, cac nhu
cau nay co thé bao gdm dién tich cho timg muc dich sir dung dat cu thé Gmg vai cac diéu kién
phat trién kinh té—xa hoi. Trong mé—dun khong gian, mdi quan hé giita timg loai hinh sir
dung d4t v6i cac nhan td thay ddi dugce thiét lap va mbi lién hé nay dugc str dung dé tinh toan
thay d6i sir dung dat va duoc phan bo cho timg vi tri cu thé trong khu vuc nghién ctru, bang
cach sir dung phan tich khong gian [12].

Phan tich phi khong gian

Yéu t6 thuc day sy thay doi . ) ) . P
mm) | Nhu cau s dung dat mmm) | Xuhuong s dung dat

nhu cau sir dung dét i
trong tuong lai

Phdn tich khong gian l

Yéu t6 thic day sy thay d6i = Phan b6 str dung dét mm) | Bin dd sir dung dat
phan bd sir dung dat

Hinh 2. Tong quan quy trinh mé phong thay doi sir dung dat bang md hinh CLUE-s [12].
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2.2. Thiét lgp mé hinh CLUE—s cho luu vwee séng Bé

Pat sir dung dugc phan bd dya theo su két hop véi cac yéu tb tic dong 1am thay ddi loai
hinh str dung dat. Cac yéu td tac dong nay duoc chia lam 4 loai: cac chinh sach va han ché
vé khong gian, thiét lap chuyén do6i gilra cdc loai hinh sur dung dat, tinh chét dic trung cua
ting khu vyc, va nhu cau st dung dat. Bon loai yéu t6 tic dong ndy cung nhau tao nén sy
thay d6i trong qua trinh str dung dat. Trong do:

- Céc chinh sach va han ché vé khong gian cho biét nhitng khu vuc khong duoc co su
thay d6i vé sir dung dat nhu cac khu hanh chinh, khu quy hoach, va khu bao ton thién nhién.
Tat ca nhirng khu vuc nay s€ dugc loai bo va khong dugc dua vao trong tinh toan. Trong luu
vuc song B¢, nhiing khu vyc han ché bao gém vuon quéc gia Bu Gia Mép, khu bao ton thién
nhién Vian hoa Bong Nai, khu bao ton canh quan nti Ba R4 va mot phan nho vuon qudc gia
Nam Cat Tién (Hinh 1) véi tong dién tich khoang 75.000 ha (chiém gin 10,58 % dién tich
khu vuc nghién ctru).

- Céc thiét 1ap chuyén d6i gitra cac loai hinh sir dung dit bao gdm 2 thong sb chinh 1a
ma tran su dung déat va hé sb chuyén ddi cua tung loai st dung dat. Ma tran st dung dét thé
hién kha ning chuyén doi giita hai loai sir dung dat theo xu huéng thoi gian, véi gi tri 1 1a
c6 thé chuyén doi va 0 1a khong thé chuyén dbi. Hé sé chuyén doi cta timg loai dat thé hién
d6 6n dinh cuta loai dat d6 véi gia tri tir 0 dén 1 thé hién d¢ on dinh ting dan.

- Tinh déc trung cua tung khu vuc dugc xac dinh dya trén phan tich hoi qui logistic dé
xac dinh va lugng hoa dugc cac nhan td anh hudng dén sy xuét hién cta cac loai st dung dat:

Log (25) = Bo + BiXui + BoXo 4 -+ BuXo, (1)

Trong d6, P; 1a xac sut xuét hién cua loai hinh sir dung dat i véi yéu t6 tac dong X.
Bo 1a mot hang s, va B, 1a hé s6 hdi quy. Cac phan tich duoc thuc hién dbi voi st dung dat
hién tai cho timg loai str dung dat riéng biét. Cac hé sd ctia ham hoi quy duoc dung dé tinh
xac suat ctia mdi 6 danh cho timg loai sir dung dat trong nam phan tich. Trong nghién ciru
nay cac yéu t6 dugc lya chon dé tinh toan dnh hudng dén thay ddi sir dung dat trong nghién
cuu bao gém: dic tinh kinh té—x3 hoi (mat do dan s0, khoang cach dén duong chinh, khoang
cach dén song va khoang cach dén UBND) va céc dac tinh cua khu vuc (mua, nhiét do, do
cao, do ddc, loai thd nhudng). Phuong phap duong cong ROC (Relative Operating
Characteristic) duoc st dung nham danh gia mirc do phu hop ctua ham hdi quy logistic, gia
tri ROC thay d6i tir 0,5 (cho thay phuong trinh hoi quy la ngiu nhién) dén 1 (phwong trinh
hoi quy hoan hao) [13]. Gia tri ROC nh6 hon 0,7 cho thdy do chinh xac ctia phuong trinh hoi
quy thap do d6 gia tri ROC céan 16n hon 0,7 nhim dam bao d6 chinh xac ctia phuong trinh
hoi quy [14].

- Nhu cdu sir dung dét s& xac dinh tong dién tich mdi loai st dung dét can thiét cho mdi
nim ma khéng can chu y dén yeu t6 khong gian. Nhu cau str dung dat dugc tinh todn mot
cach don gian tir ngoai suy tuyén tinh tir xu hudng sir dung dat trong qua khir, tir chinh sach
quy hoach, hay phirc tap hon tir cac mé hinh kinh té—xa hoi, kich ban gia ting dan so, ...
Trong nghién ctru nay, nhu cau sir dung dit duoc xac dinh dwa vao xu huéng thay ddi ciia
cac loai hinh sir dung dat trong giai 2005-2015.

Sau khi hoan thanh cac thiét 1ap, qua trinh tinh toan va phéan bd céc loai sir dung dt trong
mo hinh CLUE-s dugc thé hién trong Hinh 3.
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Thiét 1ap cho timg loai st dung dat
Heé sb chuyén doi Ma tran sir
sir dung dat dung dét Bién lap <
Khoéng
Sur dung dét Tinh toén sy thay Téng dién tich st dung | CO | Strdungdat
thoi gian (t) doi dt c6 bing v6i nhu cau thoi gian
T hay khong? (t+1)
Thiét lap cho timg 6 ludi T
. Nhu ciu sir
bac diém vi tri Pidu kién .
X . ’ dung dat
(hoi quy logictis) han ché

Hinh 3. So d6 quy trinh md phong ctia mo hinh CLUE—s [12].

2.3. Thu thdp dir liéu

khong gian va phi khong gian dugc mo ta trong Bang 1.

Bang 1. Dir liéu thu thap phuc vu nghién ctru.

Pé thuc hién mod phong, mot bo dir liéu dau vao duoc thu thap bao g6m cac dir liéu

Do pha 3
Dit liéu M ta dit lidu ¢ phdn Ngubn
giai
DEM Dic diém dia hinh 30m ASTER GDEM
Str dung dét bic diém st dung dét cac ndm 2003, 300m Co quan Khong gian Chau Au
2010, 2015. (ESA)
Thé nhudng T4 chirc Néng Luong (FAO) 10km Phan loai va tinh chat dat
Ban dd hanh Lop giao thong, UBND, ranh gidicac  1:50.000  Phén Vién Quy hoach va Thiét ké
chinh khu vic bao ton Nong nghiép
Khi tugng Dt liéu mua giai doan 1980-2017 Ngay Trung tdm Tu li¢u Khi tugng Thuy
van (HMDC)
Dan s6 S liéu dan sé giai doan 20052018 Nam Téng cuc thong ké
2.4. Kich ban

Du bao st dung dét cho giai doan 20202100 dya trén xu hudng vé nhu ciu su dung dat
trong quéa khir két hop vai kich ban gia ting dan s dé tinh toan nhu cﬁu sir dung dét cho cac
nam 2030, 2050 va 2080 (Bang 2), twong ng vdi cac giai doan ngan han, trung han va dai
han. Theo d6, toc do gia tang dan s6 dugc su dung nham muc dich tinh toan tbc do gia ting
dat d6 thi va anh hudng dén su phan b cua ring va dat nong nghiép.
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Bang 2. Nhu cau str dung dét giai doan 2020-2100.

87

Nim Dén sb Dit rirng Mit nwéc  Dét ndng nghiép Dt do thi Pong co
(Nguoi) (km?) (km?) (km?) (km?) (km?)
2005 1.062.178 1.590,69 148,25 5391,81 2,19 706
2030 2.762.289 1.287,43 154,42 5687,83 50,62 658,64
2050 3.890.889 1.165,67 159,92 5821,35 95,62 596,38
2080 5.583.747 983,03 168,17 6021,63 163,12 502,99

2.5. Danh gia hiéu qua mé hinh

Hé s6 Kappa dugc str dung nham danh gi4 hiéu qua mo phong ctia mo hinh thong qua
nhiing tinh toan vé murc d6 chinh xac cua gitra két qua mo phong véi thyuce té [15]. Gia tri K

tién vé 1 c6 nghia 1a d6 chinh xéac
3. Két qua va thao ludn

3.1. Hiéu chinh mé hinh CLUE—s

ctia két qua mo phong cang tot.

Cac yéu t6 anh hudng dén thay doi st dat dugc Iya chon cho nghién ciru nay bao gom:
dd cao dija hinh, do déc, lugng mua, ham lugng carbon trong dat, mat do dan sd, khoang cach
dén duong giao thong, khoang cach dén song sudi, va khoang cach dén UBND huyén. Tuong
quan gitra ting loai hinh sir dung dét va cac yéu t6 anh hudong duoc thiét 1ap dya vao mé hinh
hoi qui logistic. Két qua phén tich hoi 1 qui logistic s€ xac dinh cac h¢ sO cua ting yéu to anh
hudng tir d6 tinh toan xac suat cho mdi loai str dung dat (Bang 3).

Bang 3. Hé sb twong quan giira loai hinh sir dung dit va cac nhan t§ anh hudng.

Pit rirng Mit nwée Pit néng nghiép Pit db thi Cay bui
Hang s6 (B) 10,87 1,595 1,96 ~1,148 2,192
Do cao (m) —-0,00329 0,0021 —0,00178 —0,00088
Do doc (%) 0,03275 -0,229 -0,0292 —0,0243
Luong mua (mm) —-0,0064 —-0,0016
Ham lugng Cacbon
. 0,00005 —0,000097 0,00007 0,00006
trong dat (mg/m>)
Mat do dan sé (sb
) -0,0094 0,008 0,00124 —0,0067
ngudi/m?)
Khoéng cach dén
. 0,000007 —0,00003 —-0,0012
duong giao thong (m)
Khoang cich dén song
‘. —0,00011 —0,0001 0,383
sudi (m)
Khoang cach dén
0,00015 —0,00009 —-0,0033
UBND huyén (m)
ROC 0,792 0,803 0,764 0,984 0,663
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Hé sb chuyén ddi cua tung loai sir dung d4t duge hiéu chinh dya trén tinh 6n cta loai st
dung do, nhirng loai st dung dét c6 tinh 6n dinh cang cao thi h¢ sb cang tién g?m dén 1. Do
6n dinh cua cac loai st dung dét dugc sip xép giam dan theo tht ty lan lugt 13 nude mat, do
thi, rimg, nong nghiép. Trong do, nudc mat va do thi la nhimg khu vyc it bi tac dong dan dén
thay d6i nén c6 d6 6n dinh cao nhat, khu vic dong c6 1a yéu t6 c6 do on dinh thap nhit. Bo
hé so chuyen ddi cac loai sir dung d4t sau khi hiéu chinh cua luu vuc song Bé theo thu tu dat
rimg, néng nghiép, do thi, ddng cod, mat nudce 1an lugt 14 0,6; 0,4; 0,95; 0,3; 0,9.

BAN PO SU DUNG DPAT LUU VU'C SONG BE NAM 2015

BAN PO MO PHONG SU DUNG PAT NAM 2015
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Hinh 4. Ban d6 str dung d4t nam 2015: (a) Hién trang; (b) M6 phong.

Bing 4. Ma tran chéo giita loai hinh sir dung dat thyc t& va mo phong cho nim 2015.

Loai sir dung dit hién trang

Nong . X . Do chinh xac
Rung Nudc ] bothi Pongco Tong ]
nghiép ngudi st dung
(ha) (ha) (ha) (ha) (ha)
(ha) (%)
Ring (ha) 126819 688 7825 0 2544 137875 92
o Nudce (ha) 669 12269 1950 0 212 15100 81
é Nong nghiép
9 7162 1919 531762 563 17362 558769 95
2 (ha)
§ Do thi (ha) 0 688 1000 0 1688 59
an
_§- Dong co (ha) 3256 175 18688 0 48344 70462 69
B .
& Tong (ha) 137906 15050 560912 1562 68462 783894 82
=
ifc P chinh xac
.3 nguoi san XuAt
92 81 95 64 71 81
(%)
Hé sb Kappa 0,82




Tap chi Khi twong Thiy van 2021, 724, 82-93; doi:10.36335/VNJHM.2021(724).82-93 89

Két qua mo phong ban d6 st dung ¢t nam 2015 dugc thé hién trong Hinh 4. Két qua so
sanh cho thiy co su tuong dong cao giira hai ban db sir dung dat nam 2015 gitta quan tric va
moé phong. Bén canh do6, bang ma trén cheo cling duge sir dung nham danh gia chi tiét két
qua md phong (Bang 4). Két - qua tinh toan cho thdy, d6 chinh xac mo6 phong cua toan luu vire
14 81%, trong d0, khu vuc dat nong nghiép c¢6 d6 chinh xac mé phong cao nhét 1én dén 95%.
Tuy nhién d6 chinh xdc mo phong dat d6 thi chi khoang 64% nguyén nhén 1a do nim 2005
dién tich dat d6 thi chi chiém 0,03% toan dién tich luu vuc nén viéc phan tich cac nhan tb
anh huong dén loai hinh sir dung dat nay chua c6 do chinh xac cao. Bén canh d6, hé s6 Kappa
cho mé phong 14 0,82, didu nay cho thiy mé hinh CLUE—s c6 kha ning mo phong sir dung
dat tai luu vuc song Bé 1a rat tot [15].

Két qua trén cho thdy mé hinh CLUE—s c¢6 thé mé phong thay dbi sir dung dét cho luu
vue song Bé ndm 2015, va mé hinh nay c6 thé duoc st dung dé mé phong cho cac kich ban
thay d6i str dung dat twong tng véi toc do gia tang dan s6 nam 2030, 2050 va 2080.

3.2. Mé phéng sir dung ddt giai doan 2020-2100 theo kich ban tang dén sé

Két qua mo phong st dung dét cho cac nim 2030, 2050 va 2080 dya theo kich ban gia
tang dan s6 duoc thé hién trong Hinh 5. Bén canh do, Hinh 6 thé hién bién dong st dung dat
trong céc giai doan 2005-2030, 2005-2050 va 2005-2080.

Nhin chung, xu huéng thay ddi sir dung dat chinh trong giai doan 2020-2100 tai luu vyuc
song Be 1a giam dién tich rung, tang dién tich dat d6 thi va dat nong nghiép. Trong do, hai
quy trinh chuyén dbi sir dung dat chinh bao gdm (1) chuyén d6i tir dat rimg sang dit nong
nghiép va (2) chuyén d6i tir dat nong nghiép sang dat do thi.

Bing 7. Bang thong ké céc loai hinh sir dung dat theo cac nam.

2005 2030 2050 2080
St dung
< Dién tich Dién tich Dién tich Dién tich
dat % % % Y%
(km?) (km?) (km?) (km?)
Rung 1591 20,29 1291 16,47 1182 15,08 994 12,67
Nuédc 148 1,89 154 1,96 156 1,99 159 2,03
Nong
. 5392 68,78 5684 72,51 5797 73,95 6007 76,63
nghiép
Do thi 2 0,03 49 0,62 92 1,18 158 2,01
DPong co 706 9,01 661 8,44 612 7,80 521 6,65
Téng 7839 100 7839 100 7839 100 7839 100

So v6i nam 2005, dién tich dat rimg giam 299,81 km2, 408,69 km? va 597,19 km? lan
lugt vao cac nam 2030, 2050 va 2080 (Hinh5), theo do, dién tich rirng chi con chiém khoang
12,67% so véi dién tich toan luu vuc. Trong do, phﬁn 16n dat rung duoc chuyén thanh dat
néng nghiép vai dién tich lan luot 1a 288,8 km?2, 104,9 km? va 167,2 km? 1an luot trong cac
giai doan 2005-2030, 2030-2050 va 2050-2080. Di¢n tich dat ring giam manh, déac biét 1a
khu vye rimg dém cia rimg quéc gia Bu Gia Map thudc huyén Dk Nong 14 do cong tac quan
Iy rimg khong hiéu qua dan dén tinh trang pha rimg nghiém trong.

Dit d6 thi c6 tdc do ting trudong nhanh tir 200 ha vao nim 2005 1én 15.800 ha vao nim
2080, toc do gia tang 1a 95,6%/nam, d6 thi phat trién tap trung chi yéu & khu vuc thanh phd
Pong Xoai va cac thi xd Phudc Long va Binh Long. Pat d6 thi chil yéu duoc chuyén doi tir
dat nong nghiép, trong cac giai doan 2005-2030, 2030-2050 va 20502080 dién tich chuyén
d6i lan lugt 1a 4637 ha, 4981 ha va 6062 ha.
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Hinh 6. Ban do bién dong sir dung dét cac giai doan thoi gian.
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Dua trén cac két qua mé phong sir dung dit cho twong lai tai luu vuc séng Bé cd thé thdy
réng qua trinh d6 thi hoa dang dién ra nhanh chong dan dén viéc dat néng nghiép bi chuyén
d6i thanh dat do thi, va dat rimg bi thay thé bang dét néng nghiép, day cling s€ la xu hudéng
chinh trong chuyén d6i str dung dit trong tuong lai. Neu khong co6 cac chinh sach quy hoach
bao rung va thi trong tuong lai dat rimg s& bién mat ngay cang nghiém trong hon dan dén
tinh tranh mat can bang sinh thai. Vi vay, cac phat trién kinh té x3 hoi va bao vé moi truong
sinh thai can duoc nghién ctru va udc tinh mot cach toan dién [16].

4. Két luan

Muc tiéu ctia nghién ciru nay 1a mé phong qua trinh thay dbi sir dung dat giai doan 2020—
2100 cho luu vye séng Bé bang mo hinh CLUE-s. Két qua nghién ctru ¢ thé tom tat nhu
sau: (1) két qua hiéu chinh mé hinh CLUE—s dya vao két qua mo phong st dung dat nim
2015 cho thdy mé hinh nay c6 thé mé phong kha t6t dic diém sir dung dat tai khu vuc nghién
ctru; (2) dudi anh hudng cia cac kich ban gia taing dan s6 nam 2030, 2050 va 2080, dién tich
dat rimg bi giam thay vao d6 1 dt nong nghiép va dat d6 thi. Két qua nghién ctru nay co thé
lam tai liéu tham khao cho cac co quan quan ly dia phuong trong cong tac quan ly va quy
hoach sur dung dat bén viing. Bén canh d6, mo hinh CLUE-s con c6 kha m6 phong thay doi
su dung dat véi nhiéu kich ban khac nhau nhu phat trién kinh té—x3 hoi, phat trién thuy dién,
bién d6i khi hau,... nén dy 1a mot cong cu hiru ich dé xem xét cac thay ddi c6 thé xay ra tir
d6 hd trg cho xay dung chinh sach va quéan 1y sir dung dét.

Tuy nhién, do dit liéu str dung dt trong nghién ctru 1a dit liéu toan cau nén do chinh xac
so voi thyc té khong cao. Chinh vi thé huéng phit trién tiép theo cia dé tai 1a s dung két
qua phén loai str dung dat tir cac anh vé tinh do phan giai cao dé tién hanh phan tich. Bén
canh do, nghién ctru méi chi ap dung tinh toan theo kich ban gia tang dan s ma chua xem
xét dén céac yéu to thuy dién, BDKH hay chinh sach quy hoach cia dia phuong. Vi vay can
thyc hién nhiing nghién ctru voi nhiéu kich ban khac nhau dé co cai nhin téng quan hon vé
su phat trién ctia luu vuc.

Dong gop cua tac gia: Xay dung ¥ tudng nghién ctru: B.N.K.; Lua chon phuong phap nghién
ctu: B.N.K.,, P.T.L.; Xt Iy s0 liéu: P.T.L.; Thiét lap mo hinh: B.N.K., P.T.L.; Viét ban thao
bai bao: P.T.L.; Chinh stra bai bao: D.N.K.

Loi cam on: Nghién ctru ndy dugce thuc hién dudi s tai trg cua dé tai nghién ctru khoa hoc
cap Pai hoc Qudc gia Thanh pho H6 Chi Minh, ma s6 B2019-18-07.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay la cong trinh nghién ctru cua tép thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tir nhitng nghién cuu trude day;
khong c6 sy tranh chap 191 ich trong nhém tac gia.
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Simulation of land—use change in the Be river basin by using
CLUE-s model

Pham Thi Loi !, Dao Nguyen Khoi !

! Faculty of Environment, University of Science, VNU-HCM;
phamthiloi1994@gmail.com; dnkhoi@hcmus.edu.vn.

Abstract: Be River is a large tributary located on the right bank of Dong Nai River. The
main economic activity of this basin is agricultural development, especially industrial crops
such as coffee, rubber, pepper and cashew trees. In recent years, under the influence of
population growth and economic development, land use transition has taken place rapidly
across the basin. The objective of this study is to apply CLUE—s model to simulate the future
land use change under the population growth scenario to provide scientific information for
local managers in sustainable land use planning and management. To achieve this goal,
historical data in the period 2000-2010 are used to analyze the trends of land use types in
the study area. Additionally, logistic regression equations are used to build the correlation
of land use patterns with driving factors. Research results show that land use activities in
Be River basin tend to decrease forest land and increase agricultural and urban land.
Specifically, the forest land will decrease by 299,81 km?, 408,69 km? and 597,19 km? for
the years 2030, 2050, and 2080, respectively, compared to that in 2005. Moreover, the urban
area will increase by 46,5 km?, 90 km? and 155,6 km? for the years 2030, 2050, and 2080,
respectively, compared to that in 2005. In which, two main processes of land use change

are: (1) forest land converted to agricultural land and (2) agricultural land converted to urban
land.

Keywords: CLUE—s; Land use change; Be River Basin; Logistic regression equation.
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Tém tit: Nhu cau oxy sinh héa (BOD) la thong s6 chat lugng nudc quan trong dé danh gia
mutc d6 6 nhiém ctia nude trén cac song, hd. Tuy nhién, viéc xac dinh néng do BODs trong
nudc theo cac phuong phap phan tich trong phong thi nghiém thuong mét nhiéu thoi gian (5
ngay). Muc tiéu ciia nghién ciru 1a xay dung mé hinh dy bao théng sé BODs duya trén hai md
hinh no—ron nhan tao 1a MLP va RBF tai ha luu song Sai Gon—Pdng Nai va danh gia hiéu qua
du bao giira hai mé hinh. Bay kich ban duoc xay dung dya trén twong quan riéng phan giira
thong s BODs véi cac thong sé chat lugng nudce khac bao gom COD, DO, TSS, Coliform,
P-PO4*, T va N-NH,". B dit liéu bao gom 08 thong s6 chét lugng nudc theo thang tir
2013-2018 va duoc chia thanh hai phan theo ty 1& 75:25 phuc vu hudn luyén va kiém tra cac
m6 hinh. Két qua nghién ctru cho thiy, ca hai mo hinh MLP va RBF déu c¢6 kha ning du béo
t6t BODs tai khu vuc, tuy nhién mo hinh RBF véi 05 thong sé dau vao (COD, DO, TSS,
Coliform, P-PO,%) cho két qua du bao tét nhit voi NSE = 0,855, R = 0,9, RMSE = 0,529
cho qua trinh huén luyén va NSE = 0,848, R%= 0,865, RMSE = 0,454 cho qua trinh kiém tra.
Két qua nghién ctru ndy ciling 12 nén tang phuc vu cho viéc du bao cac thong sb chat luong
nude khéc, ciing nhu du bao ngan han BODs trong khu vuc nghién ciru.

Tw khQa: Nhu cau oxy sinh héa; M6 hinh no—ron nhan tao; MLP; RBF; Ha luu séng Sai
Gon-bong Nai

1. M& dau

Nudc 12 ngudn tai nguyén quan trong, thiét yéu trong cudc sdng con ngudi va sy phat
trién clia dat nudc. Chat luong nude la mét chi tiéu quan trong lién quan den tat ca khia canh
ctia hé sinh thai va doi sdng con nguoi, nhu stc khoe cong dong, san xuat lwong thuc, hoat
dong kinh té va da dang sinh hoc. Do 6, chit lugng nudc ciing 1a mét trong nhiing co so dé
danh gia mtrc d¢ doi ngheo, thinh vuong va trinh d§ van hoa ctua khu vuc. Trong d6, nhu cau
oxy sinh hoa (BOD) la mét trong nhitng thong s6 chat lugng nude quan trong, cho phép danh
gia muc d6 6 nhiém hiru co c6 kha ning phan huy sinh hoc duoi diéu kién hiéu khi, day 1a
thong s6 quan trong dé d4nh gia mirc d6 6 nhiém cua nude, BOD cang cao ching to luong
chat hiru co c6 kha ning phan huy sinh hoc trong nudc 6 nhidm cang 16n. Trong thyc té, kho
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xac dinh dugc toan bd lugng oxy can thiét dé cac vi sinh vat phan huy céc chét hitu co ¢
trong nudc ma chi xac dinh dugce luong oxy can thiét trong 5 ngay & nhiét d6 20°C trong béng
toi [1].

Céc phuong phép do ludng truyén théng thudng phu thudc vao phén tich trong phong
thi nghiém, mat nhiéu thoi gian [2-3]. Cu thé, ddi véi thong sé BODs mét khoang 5 ngay dé
c6 dugc gia tri BOD theo cac phuong phap do luong hda hoc thong thudng. Dbi véi cac cong
cu giam sat truc tuyén co thé cho két qua quan tric lién tuc, tuy nhién can chi phi kinh té cao.
Vi vy, m6 hinh du bao va dy bao chat luong nude 1a rat can thiét dé theo doi lién tyc cac
thong s6 chat lugng nudc trén song, ciing nhu dong vai trod rt quan trong trong cong tac quan
ly tai nguyén nude. Hién nay cé nhidu phuong phap khic nhau d¢é mé hinh héa va du doan
chat lvong nude nhu mod hinh khai niém, m6 hinh vt 1y, mé hinh s6, mo hinh théng ké, v.v.;
tuy nhién trong nhiing nam gan day, mo hinh tri tu¢ nhan tao (Al) da dugc sir dung vi tinh don
gian va tinh chinh xé4c cua két qua dy bao. Mot diém manh nira ciia mo hinh Al'la m6 hinh Al
c6 kha nang du bao cdc hién tugng phuc tap va phi tuyén tinh ma khong can hiéu r& vé ban
chat vin dé. Do do, viéc sir dung phuong phap tiép can Al trong du bao chit luong nudc tro
thanh mot hudng nghién ctru tiém ning va thu hat sy quan tim ctia nhiéu nha nghién ctru trén
thé gidi.

Mot sé nghién ctru dién hinh c6 thé ké dén nhu nghién ctru ciia Dogan va cong sy nim
2008 da str dung mo hinh no—ron nhéan tao (ANN) dé dy bao BOD theo ngay, két qua cho
thdy mo6 hinh ANN c6 kha ning du bao BOD t6t dya trén 04 thong sé COD, SS, luu luong va
nito véi sai s6 trung binh 10,03% [4]. Nghién ctru ciia Csabragi va cong sy nam 2018 da du
béo néng d6 DO dua vao cac thong s6 pH, d6 din dién, nhiét d6 va dong chay bang cAc manh
no — ron nhan tao bao gdm cac mo hinh tuyén tinh (MLR) va phi tuyén tinh (MLP, RBF va
GR), két qua cho thiy cdc mo hinh phi tuyén tinh co kha nang du bao DO t6t hon so voi mod
hinh tuyén tinh va mo hinh RBF ¢6 hi¢u qua du bao t6t nhat trong tat ca cac mo hinh véi chi
s6 RMSE = 1,63 va R? = 0,59 [5]. Mot sé nghién ctru khac nhu nghién ctru ciia Dara va cong
sy nim 2018 d str dung mo hinh MLP véi 10 thong s6 chét lwong nude dau vao, 1 16p an—5
nodes va 1 16p dau ra dé du bao BOD [6], nghién ctru du béo cac thong sb chat lwong nudc
(TSS va BOD) bang mé hinh hdi quy tuyén tinh va mé hinh mang no—ron nhan tao (Deep
Feedforward Network) ctia Ahamad va cong sy nam 2019 [7].

Tir cac nghién curu da thuc hién co6 thé théy, mang no—ron nhan tao ¢6 kha nang dy bao va
du bao tbt cac thong sb chat lugng nude trén song vi vay trong nghién ciru nay hai mang
no—ron nhan tao la MLP (Multilayer perceptrons) va RBF (Radial basic function) dugc st
dung dé du bao thong sé BOD:s tai ha luu song Sai Gon-Pong Nai, day 1a khu vuc chiu nhiéu
anh huong ctia hoat dong phat trién cong nghiép va do thi ctia ving kinh té trong diém phia
nam. Muc tiéu cta nghién ctru la du bao néng do BOD:s tai ha luu song Sai Gbn—Déng Nai
dira trén mang MLP va RBF va so sanh hiéu qua du bao giira hai mo hinh. Bé dat dugc muc
tiéu trén cac ndi dung co ban dugce thyc hi¢n dé xay dung mot mo hinh no—ron nhan tao trong
nghién ctru ndy bao gdm: (1) thu thap va tién xu 1y dit liéu; (2) lua chon dau vao, (3) xir Iy va
phan tach dir liéu, (4) lwa chon kién trac mé hinh, (5) hudn luyén md hinh va (6) kiém dinh
mo hinh dé tim ra b thong s6 tdi wru ciia cac mo hinh [8].

2. Phwong phap nghién ciru

2.1 Khu vuc nghién ciru

Khu vyc nghién ctru thudc ving ha luu séng Sai Gon—Dong Nai, nam ¢ kinh d6 10°30° —
11°30° B va vi d6 106°15° — 107°15” B (Hinh 1). Khu vuc nghién ctru c6 dién tich khoang
3.200 km? di qua c4c tinh Binh Phuéc, Binh Duong, Tay Ninh, Long An, Pdng Nai va thanh
phd H6 Chi Minh (TP.HCM). Bao gdm céc con séng chinh nhu ha luu séng Pong Nai, séng
Soai Rap, song Nha B¢, song Sai Gon, song Vam Co va cac song, kénh thudc huyén Can Gio,
TP.HCM.
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Khi hiu cua khu vuc nghién ctru 1a nhiét d61 gié mua, véi luong mua trung binh ndm kha
cao, khoang 1.800 mm. C6 hai mua riéng biét 1a mua mua (thang 4 dén thang 10) va mua kho
(thang 11 dén thang 3 nim sau), trong d6 luong mua trong mua mua chiém khoang 80-85%
tong lwgng mua ndm. Do nam & ha luu hé thong séng Sai Gon—Dong Nai nén dong chay chiu
sy chi phdi manh m& bai thiy triéu bién Dong voi co ché dong chay chinh 13 dong chay 2
chidu. Bén canh 6, ha luu séng Sai Gon-Pdng Nai chay qua TP.HCM, Pong Nai, Binh
Duong, Ba Ria—Viing Tau, diy duoc xem nhu mot ving kinh té giau tiém ning, ving kinh té
dong luc manh hang dau cta Viét Nam hién nay va trong nhiéu nam t6i [9]. Dudi anh huong
cta hoat dong phat trién cong nghiép va do thi, van dé 6 nhiém nudc mit da va dang 1a mot
trong nhitng van dé buc thiét cua khu vuc nay. Vi vay, khu vuc ndy dugc chon lam khu vuc
nghién curu.
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Hinh 1. Khu vyc nghién ctu.
2.2. Phwong phdp m6 hinh héa

2.2.1. M6 hinh Multilayer Perceptrons (MLP)

Mang no—ron nhan tao 1a mdt dang tri tu¢ nhan tao dya trén chirc ndng ctia bd nao va hé
than kinh cta con ngudi. Mot mang no—ron nhén tao ¢ hai thanh phan co ban 1a no—ron va
lién két. Mot no—ron 1 phan tir xtr Iy va mot lién két duoc sir dung dé két ndi mot no—ron nay
v6i mot no—ron khac, mi lién két ¢6 trong sd riéng clia n6. Mang no—ron chi lan truyén theo
huéng thuan tir 16p dau vao qua mot hodc nhidu 16p an dén 16p dau ra dugc goi 1a mang
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no-ron lan truyén thang Ca hai mé hinh MLP va RBF dugc xay dung trong nghién ciru déu
12 mang no—ron lan truyén thang.

Multilayer perceptron (MLP) 1a mang no—ron lan truyén thang phd bién nhat. M6 hinh
MLP duoc sir dung rong rii trong cac bai todn du bao cac yéu td khi twgng, thity vin va chat
luong nude. MLP bao gdm nhiéu 16p té bao than kinh (no—ron) twong tac voi cac két ndi co
trong so [10]. N6i chung, mot md hinh MLP bao gom mot 16p dau vao ( input layer), mét hodc
mot s6 16p an (hidden layers) va mét 16p dau ra (output layer). Hinh 2a thé hién cu trac cua
mang MLP véi 2 16p an va Hinh 2D trinh bay cac thanh phan chinh trong mé hinh MLP.

Weights
w) w2 W 3) Constant @\
Wo
O \Weights Sum
Wi
\ - Out
O E(-m)ﬂ“‘—) —
Inputs @/) Wh-1 7 .
O Activation Function
@/) Wa
Input Hidden 1 Hidden 2 Output
(a) Ciu triic mo hinh (b) Thanh phan chinh trong MLP

Hinh 2. Ciu trdc mang MLP.

2.2.2. M6 hinh Radial Basic Function (RBF)

Radial Basic Function (RBF) la mot mang no—ron lan truyén thang bao gom 03 16p
chinh: 16p dau vao, 16p an va 16p dau ra. S5 lwgng no—ron trong 16p dau vao phu thude vao
chidu cua vector dau vao, sb lugng no-ron trong 16p dau ra phy thudc vao sd nhan trong dir
lidu. SO lugng no—ron trong 16p an quyét dinh cau trac cua mang. Hinh 3 thé hién cau tric cta
mang RBF. M6 hinh RBF c6 cau truc don gian va tdc dd hoc nhanh hon so v&i md hinh MLP
[11].

Hidden layer

Input kayer

Hinh 3. C4u tric mang RBF [12].

Quy trinh tinh toan trong mo hinh RBF duoc thuc hién qua cac budc chinh sau:

+ Dir liéu dau vao dugc dua vao mang thong qua 16p dau vao.

+ Sau d6 mdi no—ron trong 16p an tinh toan su tuong dong gitra dir liéu dau vao va
nguyén mau luu trit trong mdi no—ron, cang nhiéu két qua nguyén mau két qua cang chinh
xac. Mbi no—ron trong 16p an ¢6 mot ham kich hoat Gaussian, véi cong thirc nhu sau:
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#(x=c)])=e e
Trong d6 x 14 vector dau vao; Cj 1a tim ham Gaussian va oj 1a bé rong ham Gaussian cua
no—ron thur j.
+ Pau ra cua RBF dugc tinh toan st dung phuong phap trong so6 trung binh theo cong
thirc sau:

Yi = Zn:Wu¢J (x) (2)

Trong d6 Wi;jla trong sd thir i gitra 16p an va 16p dau ra; n 1a sb luong no—ron trong 16p

an.
2.3. Thu thdp, xu Iy va phan chia dir liéu

2.3.1. Thu thap va chuan hoa dit liéu

Céc dir li¢u dugc str dung lam dir li¢u dau vao cho md hinh du bao BODs tai khu vuc ha
lru song Sai Gon—Pong Nai bao gdm 08 thong sd chat lugng nude nhu cau oxy sinh hoa
(BOD:s), oxy hoa tan (DO), nhu ciu oxy hoa hoc (COD), nhiét d6 (T), amoni (N-NH,"), phdt
phéat (P-PO,%), tdng chét rén lo ling (TSS) va Tdng coliform (Coliform) tai 08 tram quan
trac theo thang tir nam 2013-2018 dugc thu thap tir Pai Khi twong Thay vian khu vuc Nam
bd. Vi tri cAc tram quan trac chat lugng nude duoc thé hién trong Hinh 1 va Bang 1 thé hién
mo ta théng ké cua cac dit liéu chat luong nude trong khu vue nghién ciru.

Bang 1. Dic trung cac thong sé chét lwong nudc tai khu vue nghién ctru.

Thong s6 DPon vi Lén nhat Nhé nhiat  Trung binh D Iéch chuén
BODs mg/I 11,00 1,00 3,54 1,34
T °C 27,40 25,00 26,07 0,59
DO mg/I 8,00 1,00 4,35 2,03
TSS mg/I 482,00 5,60 24,95 41,91
COD mg/I 26,00 3,00 12,52 4,93
P-PO>  mg/l 1,84 0,00 0,02 0,12
N-NH;,"  mg/l 48,10 0,01 0,96 4,30
Coliform  MPN/100ml  24.000,00 230,00 5.730,28 6.824,18

Dé thuc hién cac phép tinh trong mo6 hinh (cdng, nhadn ma tran, vector) yéu cau dit liéu
dau vao c6 cung kich thude, vi vay viée chudn hoa dir liéu dau vao bao gom loai bo céac dir
liéu nhiéu va chuan hoa céc dir liéu vé ciing khoang gia tri 1a viéc 1am quan trong trudc khi
thuc hién du bao BODs dua trén cac mang no—ron nhan tao. Dya vao dac diém cua bo dix liéu
thu thap, nghién ctru sir dung phuong phap chuan hoa min-max dé chuan hoa dit liéu dau vao
ctia mo hinh, ddy 1 phuong phap don gian nham dua tat ca cac dic trung vé cing mot khoang
gia tri. Cong thirc cy thé nhu sau:

X;- min(x;)
max(x,)- min(x;)

(3)

Trong do6 X; va X i 1An lugt 1a gid tri ddc trung ban dau va gia tri dac trung sau khi dugc
chuan héa; min (X;) va max (x;) 1a gia tri nho nhat va 16n nhat ctia dac trung thir i xét trén toan
bd cac diém dir li¢u cua tap dir liéu.
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2.3.2. Phan chia dit liéu

Mot trong nhimg budc quan trong nhit trong viéc phat trién mé hinh 1 qua trinh chia
nho dit liéu dé huan luyén va kiém tra. Dit liéu huén luyén s€ duogc st dung dé xé4c dinh cdu
tric mo6 hinh, cling nhu gié tri cia cac tham s6 mo hinh va bo dit liéu kiém tra dugc st dung
dé danh gia hiéu qua ctia mo hinh.

Budc nay thuong duge thuc hién bang cach thir va sai dé dam bao ring mo hinh co thé
dat dugc hiéu qua tdi wu [13]. Sau khi thuc hién, bd dir liéu dugc chia thanh hai phén phuc vu
cho qua trinh huan luyén va kiém tra, cu thé 75% (185 dir liéu/1 thong s0) duogc sur (dung cho
qué trinh huan luyén va 25% (61 dit liéu/1 thong sd) dugc st dung cho qua trinh kiém tra mé
hinh, ty 1& nay ciing da duoc ap dung va dat hiéu qua cao trong mot sé nghién ciru tmg dung
mo hinh trf tué nhan tao dé du béo chit luong nudc nhu nghién ciru [14-16].

2.4. Danh gia hiéu qua dw bdao cua mo hinh

Hiéu qua dy bao ctia cAc mo hinh dugc danh gia bang phuong phap d6 thi va phuong
phap thong ké dé so sanh chat luong va do tin ciy cta két qua dyu bao voi 5O lidu thyc do.
Trong nghién cu‘u nay, céc phuong phap thdng ké danh gla két ‘qua mo hinh bao g6m hé sd
tuong quan (R?), hé sb hiéu qud Nash-Sutcliffe (NSE) va sai s6 quan phuong (RMSE). Gia
tri ctia R? va NSE cang gan 1 thi mo hinh cang dat hiéu qua cao, va gia tri RMSE cang gan 0
thi md hinh c0 sai s6 cang nho [17].

2.5. Xay dung cac kich ban dy bao

Cac thong sd chat luong nudc da thu thap duoc st dung dé xay dung cac kich ban tinh
toan dua trén twong quan riéng phan giita BODs véi cac thong sé chit luong nude khac giai
doan 2013-2018. Bang 2 thé hién két qua tinh twong quan riéng phan giita BODs vé6i 07
thong s6 chét lwong nurde dau vao con lai, két qua cho thidy BODs c6 twong quan cao nhat véi
thong s6 COD (0,85), tiép do 1a thong s6 DO (-0,55) va thong s6 amoni ¢6 tuwong quan thap
nhat.

Bang 2. Tuong quan gitra cic thong sé dau vao va BODs.

Théng sb coD DO TSS  Colifoom P-PO> T N-NH/
Twong quan (r) 0,85 0,55 0,21 0,17 007 007 001

Cac kich ban véi t6 hop thong s6 dau vao duoc xay dung dua trén muc do tuong quan tir
cao dén thap cua cac thong s6 dau vao, theo do 07 kich ban du bao trong nghién ctru dugc mo
ta nhu trong Bang 3.

Bang 3. Cac kich ban dy bao BOD:s.

STT  Kich ban Théng s6 dau vao
1 KB1 COD
2 KB2 COD, DO
3 KB3 COD, DO, TSS
4 KB4 COD, DO, TSS, Coliform
5 KB5 COD, DO, TSS, Coliform, P-PO,*
6 KB6 COD, DO, TSS, Coliform, P-PO,*, T
7 KB7 COD, DO, TSS, Coliform, P-PO,*, T va N-NH,"
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3. Két qua va théo ludn

3.1. M6 hinh MLP

Mo hinh MLP duoc sir dung dé du bao BODs theo 07 kich ban véi cac thong sé dau vao
khac nhau, hi¢u qua du bao theo cac chi s6 RMSE, NSE va R? trong tat ca cac kich ban duoc
thé hién trong Bang 4. Két qua cho thiy, cac md hinh MLP véi cac thong sé dau vao khac
nhau déu cho két qua du bao BODs kha tét véi RMSE < 0,813, R*> 0,740 va NSE > 0,723
cho ca hai giai doan huan luyén va kiém tra. Trong d6, kich ban KB7 véi 07 thong sd dau vao
bao gdbm COD, DO, TSS, Coliform, P-PO,*, T va N-NH,;" cho két qua du bao tét nht véi
NSE, R? 16n nhit va RMSE nh6 nhét so v&i 06 kich ban con lai, cu thé chi sé NSE = 0,834, R?
= 0,836 va RMSE = 0,551 cho qua trinh huén luyén va NSE = 0,832, R* = 0,832 va RMSE =
0,521 cho qué trinh kiém tra. DJ thi so sanh giita ndng d6 BODs thuc do va dur bao trong qué
trinh huan luyén va kiém tra theo KB7 duoc thé hién trong Hinh 4.

Bang 4. Hi¢u quéa du bao BODs cia md hinh MLP.

Kich ban KB7 KB6 KB5 KB4 KB3 KB2 KBI1

RMSE 0,551 0,571 0,573 0,584 0,589 0,605 0,655
Huén luyén R? 0,836 0,814 0,819 0,816 0,801 0,805 0,740
NSE 0,834 0,808 0,818 0,811 0,799 0,802 0,729

RMSE 0,521 0,632 0570 0,573 0,647 0556 0,813
Kiém tra R 0,832 0,808 0,813 0,816 0,789 0,810 0,744
NSE 0832 0,805 0,811 0,808 0,784 0,802 0,723
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Hinh 4. Két qua du bao BODs cita md hinh MLP—KB?7.

3.2. M0 hinh RBF

Hiéu qua du bao BODs theo 07 kich ban tinh toan ctia m6 hinh RBF duoc trinh bay trong
Béng 5. Két qua cho thiy, mé hinh RBF theo kich ban KBS véi 05 théng s6 dau vao (COD,
DO, TSS, Coliform, P-PO,*") cho hiéu qué du béo tot nhat véi cac gia tri NSE, R? 16n nhit va
gia tri RMSE nho nhét trong tit ca cac kich ban & ca qua trinh huan luyén va kiém tra, cy thé
chi s6 NSE = 0,855, R? = 0,9, RMSE = 0,529 cho qua trinh huén luyén va chi s6 NSE = 0,848,
R? = 0,865, RMSE = 0,454 cho qua trinh kiém tra. Hinh 5 thé hién két qua dyu bao BODs cua
mo hinh RBF theo KB5.
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Bang 5. Hiéu qua du bao BODs cia m6 hinh RBF.

Kich ban KB7 KB6 KB5 KB4 KB3 KB2 KBI1

RMSE 0,566 0,492 0,529 0,553 0,607 0590 0,618
Huén luyén R 0,828 0,854 0,900 0,839 0,803 0,807 0,758
NSE 0,827 0849 0,855 0,836 0,802 0,804 0,749

RMSE 0,657 0,616 0,454 0,493 0,559 0,610 0,803
Kiém tra R 0,735 0,845 0,865 0,857 0,798 0,796 0,785
NSE 0,730 0,836 0,848 0,835 0,796 0,792 0,746
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Hinh 5. Két qua dy bdo BODs cua mé6 hinh RBF-KBS.

Bén canh d6, két qua con cho thay rang viéc ting sb lwong thong s6 dau vao khong phai
luc nao cling cho hi¢u qua dy bédo tot hon, bang chung 1a hi¢u qua du bao cia KB5 voi 05
thong s6 dau vao tot hon so véi KB6 va KB7 véi lan lugt 06 va 07 thong s6 dau vao.

3.3. Cdu triic va b théng so t6i wu ciia mé hinh da xdy dung

Két qua thong ké hiéu qua dy bao tir hai mo hinh trong Bang 4 va Bang 5 cho thiy rang
mo hinh RBF ¢6 kha nang dy bao BODs tai khu vuc nghién ctru tdt hon so véi mo hinh MLP,
cu thé hiéu qua du bao ctia mé hinh RBF t6t hon thong qua cac chi sé thong ké NSE, R%va
RMSE. Bén canh d6, mé hinh RBF chi sir dung 05 théng sé (COD, DO, TSS, Coliform,
P-PO4¥) dé cho hiéu qué du bao tét nhét, nguoc lai mé hinh MLP can dung 07 thong s6 dau
vao (COD, DO, TSS, Coliform, P-PO,>", T va N-NH," ) dé cho két qua tbt nhit. Viéc giam
sO lugng thong sd dau vao co thé tiét kiém duogc chi phi phan tich va ting hiéu qua kinh té.

Céu tric va bo tham s6 t6i uru ciia mod hinh RBF theo kich ban B5 vai 05 thong sé dau vao
la COD, DO, TSS, Coliform va P-PO,*" duoc thé hién trong Bang 6. Cu thé, md hinh RBF
véi 07 16p 4n, s6 lwong no—ron trong cac 16p khac nhau, ham Relu duoc chon 1a ham kich
hoat véi ty 1€ hoc = 0,001, Epsolon = 1e—07 va Beta = 1. Thuat toan tdi wu duogc str dung la
RMSprop.

4. Két luan

Nghién ctru da thuc hién du bao BODs tai ha Iuu song Sai QC‘)n—Déng Nai dua trén hai
mang no-ron nhéan tao la MLP va RBF. Bay kich ban S}ﬁf dung d¢é du b;io BODs tai khu vuc
nghién ctru dugc xay dung dua trén tuong quan riéng phan gitra thong s6 BODs voi cac thong
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s& chét lugng nude khac bao gdbm COD, DO, TSS, Coliform, P-PO,>", T va N-NH,". Hiéu
qué dy béo cta cac mod hinh duoc danh gia thong qua ba chi sé NSE, R?va RMSE.

Két qua nghién ctru cho thdy, ca hai mé hinh déu c6 kha ning du bao tét BODs tai khu
vuc voi RMSE < 0,85, R2>0,74 va NSE>0,72 & tit cé cac kich ban tinh toan, tuy nhién mo
hinh RBF ¢6 hi¢u qua du bao cao hon hon so v6i mé hinh MLP. Ngoai ra, m6 hinh RBF con
sir dung it thong so dau vao hon, cu thé mo hinh RBF véi 05 thong s0 dau vao cho hiéu qua
dur bao tdi vu nhit, trong khi m6 hinh MLP can 07 thong sé dau vao dé cho két qua du béo t6i
vu. Ciu tric va bo tham s6 tdi uu cia mo hinh tim dugc sau qua trinh huan luyén va kiém tra
trong du bao hién trang BODs cling la nén tang phuc vu cho viéc du bédo céac thong s6 chat
lwong nude khac ciing nhu du bao ngin han cac thong sé cht lugng nudc trong twong lai.

Cac két qua dat duoc trong nghién ctru cho théy thé manh cta cac thuat toan tri tué nhan
tao trong du bao cac thong sb chat lwong nude. Tuy nhién, trong cac nghién ctru tiép theo s&
tién hanh thir nghiém cac k¥ thuat Al khac dé tim ra k¥ thuat tot nhat nham ting d6 chinh xéac
ctia két qua du bao.

Bang 6. CAu triic va tham s6 t6i vu m6 hinh RBF dy bao BODs.

S6 16p 4n Loai I6p 4n S6 no—ron Tham s6 Gia tri
£ Lép an 1 RBFLayer 35 = Ham kich hoat Relu
= Lop an 2 Dense 25 -E Ty 1& hoc 0,001
=) Lép an 3 Dense 25 £ Epsilon 1,00e-07
3 Lép an 4 Dense 15 ‘@ Beta 1
= Lopan’s Dense 5 _§ Thuat toan 51 wu RMSprop
@) Lép an 6 Dense 5 = Epoch 500
Lép an 7 Dense 5 Batch-size 50

Dong gop cua tac gia: Xay dung y tuong nghién coru: N.T.D.T., D.N.K.; Lya chon phuong
phép nghién ctru: N.T.D.T., D.N.K.; Xtr Iy s6 liéu: P.T.T.N., D.T.T.M.; Viét ban thao bai
bao: N.T.D.T., D.N.K.; Chinh stra bai bao: N.T.D.T., D.N.K,, P.T.T.N,, D.T.T.M.

Loi cam on: Nghién ctru nay dugc thuc hién dudi sy tai trg cia S& Khoa Hoc va Cong Nghé
Tp.HCM va duogc thyc hién bdi Vién Khoa hoc va Cong nghé Tinh toan (ICST) thong qua
Hop dong thyc hién nhiém vu khoa hoc va cong nghé s 11/2020/HD—-QPTKHCN ngay 22
thang 04 nam 2020.

Loi cam doan: Tép thé tac gia cam doan bai béo nay 13 cong trinh nghién ctru cta tap thé tac
gia, chua dugc cong bo ¢ dau, khong dugce sao chép tir nhitng nghién ctru trude day; khong co
su tranh chap o1 ich trong nhom tac gia.
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Abstract: Biochemical Oxygen Demand is one of the most crucial water quality parameters
to assess of water pollution of rivers. Nevertheless, BOD needs longer periods (5 days) to
get results. The objective of this research is to build a computational model based on the
artificial neural networks, including Multilayer Perceptron Network (MLP), and Radial
Basis Function network (RBF) for simulating BODs in the lower Sai Gon — Dong Nai rivers,
and to evaluate the simulation efficiency between MLP and RBF. Seven different input
combinations were constructed using Pearson correlation coefficients between each water
quality parameter (COD, DO, TSS, Coliform, P-PO,*", T, and N-NH4") and BODs. Five
years (2013 to 2018) of monthly data from eight water quality monitoring stations within
the study area were compiled, which were divided into two sub—sets (ratio 75:25) for model
training and model testing. The results indicated that both the models satisfactorily
simulated BODs but the RBF model with the combinations of variables numbered 5 (COD,
DO, TSS, Coliform, P-PO,*) demonstrated the best performance, values of Nash—Sutcliffe
efficiency (NSE), coefficient of determination (R?), and root mean square error (RMSE)
were 0,848, 0,865, and 0,454, respectively. The results of this research are also the
foundation for short—term prediction of BODs, as well as the simulation of the other water
quality parameters in the area.

Keywords: Biochemical Oxygen Demand; Artificial Neural Network; MLP; RBF, The
lower Sai Gon—Dong Nai rivers.
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