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Tém tit: Két qué 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 ¢6 thé duoc vén chuyén trén mot khoang cach kha 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 lya 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 budc 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 ngudn
gy 6 nhiém khong khi. Theo s liéu cua Co quan Mbi trudng Chau Au, loai hinh nay l1a
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 nudc Nga, 6 nhiém khong khi & cac thanh
phé 12 mét trong nhitng van dé nghiém trong tir cac phuong tién giao thong [3]. Giao thong
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 trudng va mot khia canh quan trong ciia hé théng quan 1y giao thong do thi
[3-4]. Vi 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
dudng bd 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. Tbc do taing phat thai khi nha
kinh tir vén 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% luong phat thai
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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 thdy, 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 lugng xe [6]. Két qua quan tric chét luong khong khi
cia 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
Ho 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 cing nhu 6
nhiém khong khi tr hoat dong do giao thong dudng bo 1a can thiét [6]. Tai chau Au, sach
luge 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 duong bd theo muc tiéu
giam thiéu cac tac dong. Cac chinh sach quan trong nhu: ban hanh chuan phat thai quic 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 veé 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 stirc 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 mo 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) st 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& ¢ sy khac nhau déng ké
gitra cc tinh. Mot s6 chinh sach ¢ cap qudc 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. Cuing voi chinh sach Quoc gia, ting tinh c6 dua
ra cac chinh sach cu thé luu y dén su khac biét vé dia ly va kinh té xa hoi. Cac nghién ctiu
nay déu dua ra cach tiép can tir dudi 1én dy bao 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
ciru 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, di liéu
giao thong, dir li¢u vé ket xe dd dugc 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 cta 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 c¢6 bui PMjo [10]. Cu
thé, trong 3 thang dau nam 2017 & Tp. H6 Chi Minh, ndng d6 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 ciru mo 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 tr dudi Ién (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 ¢ 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 bd cong cu WRF/CMAQ moé phong 6 nhiém PMo cho khu vuc Tp.HCM. Cac két
qua md phong ban dau duoc hiéu chinh theo phuong phap dong nhat dit lidu, 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. Phwong 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 s6 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. Pay la mot
trong nhitng mo hinh dy bao thoi tiét s duoc sir dung rong rii trén thé gidi hién nay [18—
20]. WRF dugc thiét ké dé tro thanh mot hé thdng mé 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 m6 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, lang 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 str dung
dé giup hiéu cac qua trinh hoa hoc va vat 1y lién quan dén suy thoai chat luong 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 c6 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 ¢6 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 gom 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 cac 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 hudng 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
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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 dic 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 sé 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 ¢ ‘top—down” hudng t61 xac dinh lugng phat thai cua cac chat 6 nhiém chinh trén quy
md vung hodc quoc gia, dva 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 nguon 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.m2.s7") 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, gdm 2
bude chinh: chuan bi dit liéu (khoi bén tréi) va xir ly dit liéu (khoi bén phai). Budc chuén bj
gom tai cac b dir litu: CAMS-GLOB-ANT, EDGAR (HTAPv2), MACCity—anthro, trich
Xuat dir liéu giao thong 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 mé phong ban dau, phuong phap
ddng nhat dir liéu (fiusion data) gitra cac két qua quan tric va céac ket qua mo6 phong dugc
thuc hién [42-43]. Thuc hién dong nhét cic 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 néi 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 a 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 WRF/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 trc 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 tom tat toan b quy trinh chay mé phong duoc thé hién & Error! Reference source
not found., c6 tham khdo cac nghién cuu [23-24].
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Ditr liéu khi tuong: WRF CMAQ
Dir li€u khi tugng tir Dir liéu dia hinh
NCEP GFS tr USGS BCON [CON JPROC

L2 Y

ungrib geog
1 A/ CMAQ Chemistry-

i Transport Model
metgrid —» real —> wrf » MCIP (CCTM)
«
Dtr li€u phat thai: Noéng do theo khong gian
ba chiéu
Dt ligu
toan cau
/!\‘ Nong do PMio
CAMS- . ’
GLOB-ANT HTAPv2 MACC ity
T
Két qua

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

3.1. Hiéu chinh va kiém dinh WRF

Dé dam béo do 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 bd 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 Ngwong 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 téc 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 sé& 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 mé 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 PMo (md phong ddi voi ngudn phét thai giao thong) duoc thiét lap 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)

3)

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, SOz, 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 tm Tay CO, TSP, PMio)
Bic — Dong Nam)
HB Tuyén duong gan khu ~ Quan tréic thu Giao thong 2000 NOy, 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, PM1o)
Béc — Tay Nam)
BT Tuyén dudng 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
94
Rd
B R P (A
90 = 1.2393x0:9567
R2 =0.9219 ..~
88 | T
[ °
26 P °
[ 2
84
82 84 86 88 90 92

Hinh 5. Phuong trinh twong quan hiéu chinh xac dinh cac hé s6 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 bo s ligu thuc do theo timg ngay, dugc lya chon lac 15 gio
cua 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 tng. Nhitng ngay khong c6 s liéu do 1y nong do PM tir
CMAQ * ti 1& chénh 1éch trung binh ctia ngay c6 do gan n6 nhat.

3.2.2. Kiém dinh

Két qua mo6 phong nong do PMI10 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 ngay 06/10/2017, 10/10/2017, 11/10/2017 va 13/10/2017
(Bang 5). Két qua kiém dinh dua trén céc 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 duoc 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 phéng  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 trac 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
N 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),
lan lugt 1 NSEposte = 0,528 va NSEm = 0,551.

3.3. M6 phéng 6 nhiém PMy tai Tp.HCM

Ban dd phan bd bui PMio tai khu vue 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 nodi 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 nong do PMio cao hon so v6i cac quan, huyén khac véi nong dd PMjo trung
binh dao dong tir 110,1-148,2 pug/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
PM 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 PMjo 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
84 | ==®==Ket qua m6 phong ====Kct qua quan trac e=@== Két qua m6 phong ==@== K&t qua quan trac
82 86
610-7h 1010-7h 1110-7h 1310-7h 610-7h 1010-7h 1110-7h 1310-7h
Tram quan tric HB Tram quan tric BT
95 104
90 100
85 96
80 92
©) (d)
75 88
e=@== K&t qua m6 phong ==@== K&t qua quan tric =@ K&t qua m6 phong ==@== K&t qua quan tric|
84
70
610-7h 1010-7h 1110-7h 1310-7h 610-7h 1010-7h 1110-7h 1310-7h

Hinh 6. Két qua so sanh ndng do PMio véi sb liéu thue 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 mo 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 méd phong luc 15 gid, 1—
15/10/2017, tir hinh (a’) dén hinh (0°).

4 Két luan

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

Thik: nhat, thyc hién budc higu chinh va kiém dinh mo hinh WRF, dya trén bg s6 lidu
thyc do tai 2 tram trong khu vye nghién ctru. Cac thong s6 nhiét do, vén 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 dya
theo phuwong phap dong nhat dir liéu. BO s lidu dugc sir dung dé hidu chinh, kiém dinh dugc
thuc hién tai 04 tram quan trac giao thong trong khu vuc nghién ciru. b tin cdy m6 phong
bui PMio cho loai nguén thai giao thong dugc danh gia dya trén cac chi sO 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 dbi 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 tim
Tp. HCM nhu quén 1, quan 3, quan 4, quan 5, quan 10 va quan 11 sang cac huyén ngoai
thanh ctia Tp. HCM gdm 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, PMs.

DPong gop cua tac gia: Xay dung y tuong nghién ciru, vach ra so dd 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 s6 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 ndy 1a cong trinh nghién ctru cia 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.



