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TOM TAT

Nghién ctiu dac trung phan béd va anh hudng khu vuc clia bui min PM, 5 c6 y nghia quan trong
trong quan ly chat lugng khong khi tai cac dé thi dang phat trién nhanh. DE lam rd van dé nay,
nhém tac gia da danh gia phan bo khong - thai gian clia PMy 5 tai TP.HS Chi Minh nam 2022 théng
qua tich hgp dir liéu quan trdc da diém vai mo phdng khi tuong-hoa hoc. Két qua cho thdy nong
d6 cao tap trung tai khu vuc trung tdm va cac nut giao thong - cong nghiép, giam dan vé phia
ngoai & va ven bién. Bién thién theo mua thé hién ro rét, vdi gia tri cao trong mua kho (thang 1
va 12) va thdp trong mua mua (thang 9), phu hap vai quan trdc. Mot dat 6 nhiém dién hinh dugc
ghi nhan trong thang 01/2022, khi PM5 5 tdng 1én 31 - 46 ug m~3 cling su gia tdng ctia O3 va CO.
Phan tich HYSPLIT, MERRA - 2 va FIRMS cho théy cac khéi khong khi tlr hudng déng béc két hop véi
hoat dong dét sinh khéi khu vuc ¢ thé la nguyén nhan chinh clia dot 6 nhiém nay. M6 hinh WRF
- CMAQ mo phong tét xu thé téng thé nhung co xu hudng lam tron cuc tri va giam do tuong phan
khong gian. Nghién ctu khang dinh tdm quan trong cla viéc tinh chinh phét thai, cai thién tham
s6 héa khi tuong va tang cusng phdi hop kiém soat nguén 6 nhiém & ca quy mo dia phuong va
khu vuc.

Tur khoa: Chat lugng khong khi do thi, Dot sinh khéi, Van chuyén lién ving, PM2.5, WRF - CMAQ

GIGI THIEU CHUNG

O nhiém khong khi d thi 1a thach thiic méi trudng-
stic khoe trong yéu, véi céc chit 6 nhiém chinh (O3,
NO;, SO, CO...) va hat min PM; 5 chiu chi phéi
dong thoi boi phat thai tai ché (giao thong, cong
nghiép, x4y dung/dét sinh khéi quy mo nho) va cac
qua trinh thid cip/quy mo khu vyc. Bén canh nguén
dia phuong, cdc dong van chuyén xa theo mua ¢ thé
diéu bién ding ké tai 6 nhiém bé mat, lam phuc tap
nd luc quy két va kiém soat nguén trong béi canh do6
thi mat do cao 2.

Tai Thanh phé H6 Chi Minh (TPHCM), chét lugng
khong khi suy giam r6 rét do t6c do co gidi hoda va
céng nghiép héa nhanh trong nhiing thip ky qua'.
Quan trdc mot s vi tri tai giai doan trung tdm
TP.HCM giai doan 2017-2018 ghi nhan PM; 5 trung
binh nam 36,3 &+ 13,7 ug m3, vugt huéng dan ctia
WHO va thudng vugt chuin qudc gia; bién thién
khong gian-thoi gian chiu chi phdi béi giao thong
(déc biét xe may), cong nghiép-xay dung va diéu kién
khi tugng dia phuong'. Kiém ké phat thai cho thdy
giao thong dudng bo la ngudén dong gép chinh (~3,34
Gg nim™!' d6i v6i PM, 5), kém theo déng gop tit cong
nghiép va xiy dung!?. Nhiing nghién ctiu nay cht

yéu tép trung vao dic trung 6 nhiém va cdu trac
ngudn phat thai dia phuong.

& quy moé khu viic, mét s& nghién ctiu khdc lai nhdn
manh vai tro ctia vin chuyén xa. TPHCM chiju dnh
hudng ctia hai huéng van chuyén 6 nhiém chinh. Tht
nhétlakhoi ti hoat dong d6t sinh khoi trong mua kho,
bét nguén tit khu vic Sumatra va Borneo, dat cuc dai
trong giai doan thang 7-10*. Thii hai la dong chay khi
quyén muia dong trong hoan Ivu gié mua DPong A, c6
kha nang mang theo cac chit 6 nhiém nhén tao ti phia
bic xuéng ving ha luu®. Sy két hgp giita cic ngudn
phat thai tai chd va qua trinh van chuyén ti xa nay tao
nén phan bg 6 nhiém khong déng déu, véi cac diém
néng tap trung doc theo cac truc giao théng va khu
cong nghiép, ndi bat trén nén bién thién theo muia va
anh hudng ctia cac dgt van chuyén khu vuc. Téng hop
lai, c6 thé phan loai cc nghién ctiu trude day thanh ba
nhoém chinh: (i) nghién ctu vé ngudn va 6 nhiém dia
phuong, (ii) nghién ctiu vé vin chuyén khu vic/xa, va
(iii) nghién ctiu vé mo6 hinh hoéa trudng khi tugng-hda
hoc, song van con thiéu cdc nghién ctiu lién két chat
ché ba nhém nay trong cting mét khung phén tich cho
TPHCM.

Mic dur da c6 nhiéu nghién cttu vé€ 6 nhiém khong khi
tai TP.HCM, céc di liéu hién c6 van rdi rac va thiéu
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dong bo vé mat khong-thsi gian. Diéu nay khién bic
tranh téng thé vé phan b6 6 nhiém va dong gop ngudn
chua dugc thé hién r6 rang, lam han ché co s& khoa
hoc cho cong tac hoach dinh va kiém soat chat lugng
khong khi. Cu thé, van ton tai mot s6 khoang tréng
dang ké trong dii liéu: (i) mang ludi quan tric quy
chuén con thua va phan bg khong dong déu gitia cac
quan, huyén; (ii) chudi thoi gian quan tric chua du
dai d€ phéan éanh day du cac dic trung theo mua va
gid tri cuc tri; (iii) d¢ bat dinh 16n trong hoat dong va
nhip phét thai theo thoi gian, ddc biét d6i v6i phuong
tién giao thong va xay dung; va (iv) thiéu thong tin vé
thanh phan héa hoc ciing nhu phén giai nguén & quy
mo khu vuc 1an can. Do d6, du da nhan dién duogc
tdm quan trong cta phét thai tai chd va vin chuyén
xa, cic nghién cttu hién nay van chua lam r6 dugc vai
tro tuong ddi gitia hai nhém ngudén nay trong viéc chi
phdi PM; 5 bé mit tai TRHCM. Nhiing han ché nay
gy kho khin trong viéc xac dinh vai tro tuong déi
gitia ngudn phit thai dia phuong va van chuyén khu
viic, dong thoi lam suy gidm hiéu qua thiét ké chinh
sach kiém soat 6 nhiém. Trong bdi canh d9, viéc ting
dung md hinh s6 tri dugc hiéu chinh va rang budc
bai dit liéu quan tric 1a cong cu thiét yéu nham bu
dap khoang tréng khong gian, kiém dinh co ché hinh
thanh - van chuyén 6 nhiém, va cung cdp thong tin
chén doén hitu ich phuc vu quan ly chét lugng khong
khi d6 thi.

MO hinh s6 trila cong cu quan trong nham khic phuc
han ché vé d¢ pht khong gian - thoi gian cua hé
théng quan tric, dong thoi tai phan bé khi tugng -
héa hoc ba chiéu, qua dé danh gid cdc co ché hinh
thanh, chuyén hoa, vin chuyén va laing dong ctia chit
6 nhiém®. Trong d6, cic mé hinh khi tugng - héa
hoc tich hgp nhu WRF-CMAQ (Community Multi-
scale Air Quality model - CMAQ) cho phép mé phong
dong thoi dong luc hoc khi quyén (trudng gid, nhiét,
mua, ranh giéi PBL) va hoa hoc khi quyén - khi dong
hoc hat trén lu6ilong da ti1é cung chudi phat thai theo
gi5”. Nho viy, mo hinh c6 kha ning mé ti phan bé
theo khong gian - thai gian, chu ky ngay — mta, déng
gop nguodn va do nhay theo kich ban phat thai; cdu
hinh tryc tuyén ghép chat con giup giam sai léch lan
truyén gitia hai kh6i md hinh khi tugng va héa hoc®.
Tuy nhién, d¢ tin cdy ctia mé phong van phu thudc
dang kévao chatlugng dii liéu ddu vao (phat thai, diéu
kién bién - ban dau, tham s6 vat ly) va can dugc hiéu
chinh, kiém dinh nghiém ngat bang dii liéu quan tric
thong qua cdc chi tiéu va khung danh gid chuén trong
cong déng md hinh héa’.

Tai Viét Nam, cdc nghién ctu ting dung WRF hodc
WRF-CMAQ gan day chu yéu tép trung cho khu vuc
Ha Noi va mién Bic, nhdm phan tich vai tro khi tugng
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hodc danh gi4 kich ban phat thai quy mo viing 0712,
Riéng d6i v6i TP. H6 Chi Minh, céc nghién ctiu md
hinh héa méi diing & viéc st dung WRF don 1& dé
moé phong trudng khi tugng hodc trudng 6 nhiém,
chua c6 ciu hinh WRF-CMAQ tich hgp véi kiém
ké phat thai dia phuong va mang luéi quan tric da
diém '3, Khoang tréng nay dit ra yéu ciu cip thiét vé
cdc nghién cttu mo hinh héa chi tiét hon nham dinh
lugng vai tro tuong doi gitia ngudn phat thai ni ving
va van chuyén xuyén vung déi véi PM 5 tai khu vuc
do thi trong diém phia Nam.

Vi véy, nghién ciu nay huéng t6i b6 xung nhiing
thong tin thi€u hut ké trén bang cach tiép can tich hgp
mo6 hinh-quan trac-di liéu khu vuc, cho phép ddnh
gid mot cdch hé théng ca ngudn phat thai ndi ving 1an
van chuyén xa. Cu thé, nghién ctiu dugc trién khai véi
hai myc tiéu: (i) danh gid dic trung phan bé khong
— thoi gian ctia PMy 5 tai TRHCM trong ndm 2022
bang céch két hgp dii liéu quan tric da diém véi mo
phong WRF-CMAQ, tép trung lam r6 bién thién theo
mua va sy khdc biét theo loai hinh st dung dat trong
d6 thi; va (ii) khai thac dong thoi két qua mo hinh
cung phén tich quy dao ngugc (Hybrid Single-Particle
Lagrangian Integrated Trajectory model HYSPLIT )
120 gig, di liéu MERRA-2 (Modern-Era Retrospec-
tive analysis for Research and Applications, Version
2) cung cip AOD, SO,, CO, va diém chay (Fire Infor-
mation for Resource Management System - FIRMS)
dé cung cép bing chiing vé tic dong ctia van chuyén
xa va d6t sinh khoi d6i véi cac dgt 6 nhiém ning, véi
trong tam la sy kién thang 01/2022. Péng gbp méi
ctia nghién ctiu 1a xay dyng mét biic tranh tich hop
md hinh-quan tric vé PM; 5 cho TPHCM, qua dé
dinh lugng r6 hon vai tro tuong déi gitta ngudn dia
phuong va van chuyén khu vic, ddng thoi dé xudt cac
hudng cai thién cdu hinh mo hinh va uu tién kiém soét
ngudn phat thai phuc vu quéan ly chit lugng khong khi
do thi.

CAC PHUONG PHAP NGHIEN CUU

Phuong phdp do dac tai ché

Nghién cttu nay stt dung dit liéu quan trac chit lugng
khong khi tii nhiéu vi tri dai dién cho cac khu vuc
giao thong, dan cu, cong nghiép, viing ngoai 6 va nén
dé dam bdo do bao phu khong gian toan dién. Di
liéu PM; s lién tuc trong ndm 2022 dugc thu thap tu
tram quan tric ctia Lanh sy qudn Hoa Ky, dugc ky
hiéu bang biéu tugng hinh thoi trong Hinh 1. Tram
nay cung cip s6 liéu PM; 5 theo gid 6n dinh, déng vai
tro nhu mot méc tham chiéu quan trong dé€ dénh gid
xu hudng chit lugng khong khi.

Bén canh do, dii liéu theo gio cia PMj 5, NO,, SO,
va CO dugc thu thap tlii ndm tram cam bién do Dai
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Hinh 1: Ban do céc vi tri quan tréc 6 nhiém khong
khi tai khu vuc nghién ctu (nguén: nhém tac gia)

hoc Quéc gia TPHCM va DPai hoc Dublin thiét 1ap.
Céc tram nay, dugc biéu thi bang biéu tugng hinh tron
trong Hinh 1, 14p dét tit ndm 2021 va vin hanh lién tuc
dén hét 2023, gop phén vao cung cdp dii liéu mo ta sy
bién dong theo thai gian ctia cac chit 6 nhiém khong
khi. Ngoai ra, dii liéu PM; 5 va CO trong giai doan
tit thang 5/2022 dén thang 5/2023 dugc thu théip tai
huyén Cén Gio trong khu6n khé dy én PM2.5@Asia,
cung cip cdi nhin sdu hon vé ddc diém 6 nhiém & khu
vic ven bién va ngoai 0.

Ngoai ra, @€ danh gid phan bd khong gian ctia cdc chét
6 nhiém khong khi trén toan thanh pho, di liéu quan
trac tht cong dugc cung cép bdi Trung tim Quan tréc
Moéi truong TPHCM. B¢ di liéu nay bao gém cac
phép do noéng dd PM; 5, NO,, va SO, tai 38 vi tri khac
nhau, dugc ky hiéu bing biéu tugng hinh tam giac
trong Hinh 1. Céc quan tric tha cong dugc thyc hién
trong giai doan tif thang 12/2022 dén thang 12/2023,
ngoai trti thoi ky gié mua tdy nam (ti thang 6 dén
thang 10/2023)

Phuong phdp mé hinh héa WRF - CMAQ

Trong nghién cttu nay, chung to6i trién khai mo phong
chat lugng khong khi bang moé hinh két hgp WREF-
CMAQ cho khu viic TPHCM trong nam 2022.

M6 hinh khi tugng st dung WRF v4.2 (16i Advanced
Research WRF - ARW) m6 phong cho nam 2022 véi
cdu hinh ba mién 16ng nhau: D1 (74x74; 18x18
km), D2 (60x60; 6x6 km) va D3 (48x48; 2x2 km)
(Hinh 2), két hgp dia hinh va 16p phu bé mit lam
d4u vao, nhdm cung cép dii liéu theo gid cac thong s6
gi6, nhiét d9, im, mua va tham s6 16p bién khi quyén

5300 200k,
—-——

Hinh 2: Khu vuc nghién cttu WRF-CMAQ cho khu
vuc TP. H6 Chi Minh (nguén: nhom tac gid)

(Planetary Boundary Layer - PBL), lam d4u vao cho
md hinh chat lugng khéng khi. Di liéu WRF sau d6
dugc chuyén d6i sang dinh dang Models-3 I/O API
(Models-3 Input/Output Applications Programming
Interface) thong qua MCIP (Meteorology-Chemistry
Interface Processor), bdo toan hé chiéu, ciu tric thing
diing va cac bién khi tugng bat budc cho khuéch tén-
ling dong. Module héa hoc-khi/aerosol st dung mé
hinh CMAQ v5.4, v6i co ché hdéa hoc CB6 (Carbon
Bond6) va mo6-dun aerosol AE/AERO (Aerosol mod-
ule trong CMAQ) tuong ting; diéu kién ban d4u (Ini-
tial Conditions - ICON) va diéu kién bién (Boundary
Conditions - BCON) dugc thiét 13p nhit quan theo
phuong thing ding va theo thoi gian.

Song song véi d6, kiém ké phat thai nam 2022 cho
khu vic TPHCM dugc xiy dyng boi nhom nghién
ctiu trong khuon khdg dé tai KC-4.0-25/19-25, trén co
sG udc tinh phat thai ti cic nhém nguédn chinh (giao
thong duong bo, cong nghiép, din sinh, sinh khéi)
dua vao s6 liéu hoat dong va hé s6 phat thai pht hop.
Dii liéu kiém ké nay sau d6 dugc chudn bi ddu vao
cho mé hinh vén chuyén - héa hoc CMAQ béng bo
cong cu emPY (phét trién boi vién nghién ctiu khi
tugng thay vin Slovak), bao gébm céac buéc: dic ta
thanh phan héa hoc (speciation) cac chat phat thai
theo co ché trong CMAQ, phén bg phat thai 1én ludi
mo hinh, gdn ho so bién thién theo gid/ngay/tuin cho
tiing nhom nguon, xudt cac trudng phat thai ¢ dinh
dang NetCDF tuong thich v6i CMAQ.

Dong thoi, két qua mo hinh duge danh gia tuan theo
huéng dan ctia U.S. EPA, 2007, st dung céc chi s6 MB,
NMB, NME, RMSE, hé s6 tuong quan Pearson (R) va
chi s6 dong thuén IOA; trong d6 MB phéan d4nh d¢ 1éch
trung binh, NMB/NME chuén hda sai 1éch theo tdng
quan trac, con RMSE tdng hop sai s6 binh phuong
trung binh; IOA € [—1,1] do muic 46 dong bién thién
gitta mé phdng va quan tric. Ap dung khung danh gia
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Bang 1: Bang két qua kiém dinh mé hinh (nguén:

nhom tac gia)

Thong s6 PM2.5 03 NO2
Gia tri Benchmark* Gia tri Benchmark Gia tri Benchmark
MB -2,0 -1,25 -8,23
NMB -26,9% <+ 30% 2,3% <+ 30% -23,81 % <+ 30%
NME 29,2% < 70% 14,4% <75% 36,06 % < 75%
I0A 0,61 0,7 0,53 0,7 0,50 0,7
R 0,73 > 0,4 0,53 > 0,5 0,72 > 0,5

*Tiéu chudn U.S. EPA, 2007

nay, mo6 hinh CMAQ tai TRHCM cho ndm 2022 cho
théy nang luc m6 phong PM, 5 t6t (R = 0,76; IOA =
0,61; NMB = —27%; NME = 29%), dap ting tiéu chi
hiéu sudt khuyén nghi, va c¢é chit lugng chidp nhén
dugc d6i vdi O3/NO, & muc tram tham chiéu. Chi
tiét vé két qua kiém dinh mo hinh dugc thé hién trong
Bang 1.

Phan tich quy dao ngu'oc

Mo hinh HYSPLIT dugc phat trién bdi Phong Thi
nghiém Tai nguyén Khong khi thuéc Cuc Quan ly
Pai duong va Khi quyén Qudc gia Hoa Ky (NOAA)
da dugc st dung d€ tinh todn quy dao ngugc cua cac
khéi khong khi (https://www.ready.noaa.gov/HYSPL
IT.php). Cac trudng khi tugng dugc st dung trong
viéc tinh todn di liéu quj dao ngugc 120 gi¢ dugc
diéu khién bsi Hé thong Dong héa Dt liéu Toan ciu
(GDAS) ctia Trung tdm Dy bdo Moi trudng Quéc gia
(NCEP) vé6i d6 phan giai 1° x 1°. Van chuyén theo
chiéu thing diing dugc mo hinh héa béng tiry chon
dang 4p ctia HYSPLIT. Quy dao ngugc dugc tinh toan
méi 6 gio khi dén TPHCM & d6 cao 200 m. Trong
nghién ciiu nay, dit liéu

Dir liéu dém chdy FIRMS

Hé thong Thong tin Chéy riing cho Quan ly Tai
nguyén (Fire Information for Resource Management
System - FIRMS) cung cdp quyén truy cap, véi do tré
t6i thi€u, vao hinh anh vé tinh, cac diém chéy/néng
hién tai, va cdc sdn phdm lién quan d€ xac dinh vj tri,
pham vi va cudng do clia hoat dong chdy riing. Céc
cong cu va ung dung ctia FIRMS cung cdp dii liéu dia
khoéng gian, san phdm va dich vy d€ hd trg cong dong
quan ly chay rting rong 16n hon va théng tin cho cong
chung. Dii liéu toan cdu c6 sdn trong vong 3 gid sau
khi quan sat vé tinh; cdc phat hién chéy hoat dong &
Hoa Ky va Canada c6 sdn trong thoi gian thuc. Trong
nghién ctu nay, di liéu FIRMS dugc thu thap tai htt
ps://www.earthdata.nasa.gov/data/tools/firms.
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Ditliéu MERRA-2

MERRA-2 (Modern - Era Retrospective analysis for
Research and Applications, Version 2) la mdt phan
tich hoi quy toan cdu vé aerosols, nhdm nghién ctu
su tuong tdc véi cac qua trinh vat ly khac nhau trong
hé théng khi hau'>!. D¢ phan giai khong gian clia
nd1a 0,5° x 0,625° v6i 72 miic eta - hybrid tii bé mat
dén 0,01 hPa. Di liéu phan tich hoi tuébng MERRA
- 2 da dugc st dung rong rai trong cac nghién ctiu
gin day dé€ chling minh sy phan tdn cta cdc luéng 6
nhiém khong khi, cho thiy méi tuong quan chit ché
v6i dit lidu quan sat'”>'®, Nghién ctiu da st dung dit
liéu d6 day quang hoc aerosol (AOD), SO;, va CO
thu dugce tu tap di liéu MERRA-2 d€ kiém tra sy di
chuyén ctia 6 nhiém c6 ngudn géc ti Dong A va tac
ddng ctia né 1én khu vyc nghién ctiu. Thong tin vé dit
liéu MERRA-2 c6 thé tham khdo tai https://gmao.gsf
c.nasa.gov/gmao-products/merra-2/.

KET QUA VA THAO LUAN

Phin bé theo khéng gian ciia PM,s tai
TP.HCM ndm 2022

Duya trén bd dit liéu quan tric va m6 phong béng
CMAQ, Hinh 3.a,b biéu dién phén bd khong gian cta
PM; 5 tai TP. HCM nam 2022. Ca hai nguén di liéu
déu cho thiy néng do cao tdp trung & ving trung tim
do thi va cac nut giao thong-cdng nghiép, trong khi
khu vic ngoai 6 va ven bién duy tri mtic thdp hon. Cu
thé, s6 liéu quan tric bdo cdo chi tiét sy tuong phan
rd rét noéng do PM; s theo loai hinh st dung dat, véi
ndng do trung binh tai khu vyc giao thong cao nhat
(24,57 g m~3), tiép dén cong nghiép (23,19 ugm=3)
va khu dan cu (22,53 ug m*3), trong khi khu vuc
ngoai 6 (21,79 ug m~3) va tram nén (15,16 ug m3)
thép hon, phi hgp véi bang ching tu cdc d6 thi khu
vic nhu Bangkok va Jakarta, noi giao thong va cong
nghiép 12 nguén déng gép chinh cho PM, 5120,
Noéng d6 PM; 5 trung binh ndm tit CMAQ mo ta mot
dai 6 nhiém lién tuc bao quanh trung tAm d6 thi va
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giam dan vé ngoai 0, tai hién kha t6t xu thé quy mo
16n. Tuy nhién, md hinh xudt hién hai sai khéc c6 hé
théng: (i) lam tron trudng néng d9, ha bién d¢ cac
dinh cuc b tai ndt giao thong/cum céng nghiép; (i)
danh gia cao nén tai mot s6 6 ludi ngoai bién. Nguyén
nhan cé thé dén ti cdu hinh kiém ké phat thai va diéu
kién bién, hién cht yéu bao phti ngudn trong dia gisi
TP.HCM, chua dai dién déy du cho lan truyén/dong
gop tli cac cum cong nghiép lan cén (Binh Duong,
DPong Nai, Ba Ria - Ving Tau, Tay Ninh), cling véi
khuéch tén s6 va tham s6 vét 1y - héa hoc.

T6ng thé, mo6 hinh CMAQ téi hién tét ciu truc khong
gian cia PM; s tai TRHCM, véi ddc trung “cao &
trung tam, thip & ngoai ¢’, nhung cé xu huéng giam
bién d¢ cuc tri va thu hep d6 tuong phan khong gian.
Diéu nay goi y cén tinh chinh kiém ké phat thai theo
khong gian - thoi gian (ddc biét ngudn giao thong va
cong nghiép) va tang do phan giai moé phong dé€ cai
thién kha ning tai hién cdc diém néng 6 nhiém cuc
b6 trong bdi canh d6 thi phic tap cta thanh phd.

Hinh 3: Phan b6 theo khéng gian clia PM, s nam
2022: (a) do dac, (b) m6 phong (ngudn: nhém téc
gia)

Phdn bé theo thdi gian ciia PM,s trong
khong khi tai TP.HCM nam 2022

DéE danh gid phan bo theo thai gian ctia PM; 5 tai TP.
HCM, chung t6i phén tich dii liéu quan tric lién tuc
ndm 2022 tai ba tram: lanh sy quan My (US Embassy),
DPHQG-HCM (HCM-VNU1) va Binh Tan (HCM-
VNU2). Két qua cho thdy PM; 5 bién thién theo muia
ro rét (Hinh 4), v6i nong d6 cao trong mua kho, dic
biét thdng 1 va 12, va gidm manh vao mua mua, dat
cyc tiéu vao thing 9. Sau déy thing 9, nong d¢ ting
nhanh ti thang 10, phén dnh sy chuyén pha khi tugng
sang diéu kién mua kho (nghich nhiét thuong xuyén
hon, mua giam, gi6é yéu). Ba tram dong pha theo mtia
nhung khéc bién d¢: lanh sy quan My ludén cao hon
hai tram con lai, phtt hgp v6i ddc diém giao thong day
déc va mat do x4y dung 16n quanh khu vuc dat tram.

=— US-Embassy
*— HCM-VNU-1
4— HCM-VNU-2
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Hinh 4: Trung binh hang thdng PM; 5 tai lanh su
quan My (US embassy), PHQGHCM (HCM-VNU1),
Binh Tan (HCM-VNU2) (nguén: nhom tac gia)

Bén canh d6, m6 hinh CMAQ ciing tai hién dugc chu
ky muia cia PM; 5 tuong déi tét (Hinh 5). Trong cac
thang mua kho (1 - 2 va 11 - 12), két qua mo phong
vung noéng do cao ma rong quanh trung tam thanh
phd, trong khi vao mua mua (5 - 9), nong d6 PM; 5
gidm rd rét va ving 6 nhiém thu hep, véi cuc tiéu vao
thang 9. Giai doan chuyén mua thang 10 thé hién sy
gia ting nhanh ctia néng do, phu hgp véi quan trac.
Su dich pha gitta m6é phong va thuc do 1a nho, cho
thdy mo hinh c6 kha nang mé phéng ding nhip bién
thién theo mua.

Tuy nhién, mét s6 khac biét c6 tinh hé théng dugc
ghi nhén gitta m6 hinh va quan tric. Thit nhét, bién
do bién thién trong mo hinh thip hon dang ké, dic
biét & cac thang cuc tri ddu va cudi nam. M6 hinh c6
xu hudng danh gia thip cic dinh PM; 5 va danh gid
cao nhe nén néng d¢ thdp trong muia mua. Diéu nay
phan dnh déc trung lam mugt khong gian - thoi gian
von ¢6 ctia mo hinh luéi, cing dnh hudng ctia cic so
do6 PBL, d6i luu va tham sé rua troi, vén quyét dinh
manh dén kha ning giti hodc loai bo bui min. Thi hai,
mo hinh th€ hién tinh déng nhat khong gian cao hon
thuc té& cac ban d6 mo phong theo thang cho thiy nén
ndng d¢ tuong doi déu, trong khi chudi do diém cho
théy su khac biét vi m6 dang ké gitta cac khu vuc gan
truc giao thong, cum xay dung hodc ven do. Nguyén
nhén c6 thé dén tit phan b phét thai theo bién dai
dién chua du chi tiét d€ phan anh cdu trac do thi day
dac.

Nhin chung, CMAQ mo phong tét su bién thién theo
mua cua PM; s tai TRHCM nhung lam giam cuc tri
va thu hep d¢ tuong phan khong gian. Diéu nay goi
y can: (i) tinh chinh déc tinh phat thai theo mua/gio,
dac biét trong mua kho; (ii) kiém tra va hiéu chinh cac
tham s6 hoa riia troi (uét/kho) va tron trong 16p bién
khi quyén; va (iii) ting do phéan giai hodc cai thién
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Hinh 5: Bién thién trung binh thang PM, 5 ndm 2022 tir CMAQ (nguén: nhém tac gia)

biéu dién nguén giao thong theo khong gian dé tai
hién chinh xdc hon cac “diém néng” 6 nhiém trong
bdi canh d6 thi dac thi ctia thanh pho.

Su'kién 6 nhiém thdng 1 nam 2022

Két qua phén tich bién thién PM; s theo muia dya trén
quan trdc va mo6 phong cho thdy sy nhit quin vé mét
dot gia tang bt thuong trong thang 01/2022 tai nhiéu
vi tri. Trong cac phan tiép theo, ching tdi phén tich
chi tiét dgt ting dot ngdt thang 01/2022 nhim lam rd
nguyén nhén va cd ché chi phoi.

Tai Binh Tan, trong giai doan 11-20/01/2022, PM; 5
trung binh ngay ting lén 31-46 ug/m> (Hinh 6).
Dboéng thoi, O3 va CO cling tang, trong khi NO; va
SO; it bién dong (Hinh 7). Nhiét d6 va d6 m giam
trong cung thoi doan, cho thiy diéu kién khi tugng
kho lanh c6 thé gép phéan git 6 nhiém & mic cao.
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Phén tich quj dao ngugc (08-21/01; Hinh 8) chi ra
cac khéi khong khi chu dao tit dong bic, phén 16n di
qua Bién Dong va mot phan xuét phat tit Myanmar -
Lao - Campuchia - Bic Viét Nam. Céc khdi khong
khi nay thudng c6 do &m thép, nhiét 4 thdp va c6
khé ning mang theo chit 6 nhiém, dong thoi gidm
hiéu qua khuéch tdn gan mdt dat.

Quan sat quy moé khu vuic qua MERRA-2 (Hinh 9)
cting cho théy tin hiéu 6 nhiém ro rét trong cung thoi
ky: AOD dat ~0.2-0.28, tang manh tai Péng Nam Bo
-~ Campuchia; SO, dao dong ~0.6-1.1 x 1010 kg/m?
va CO dat ~10-15 x1072 kg/m?, déu tap trung cao
trén Campuchia. Céc gid tri nay cho thdy su ting
do6ng thoi ctia aerosol va khi 6 nhiém, pht hgp véi dic
trung ctia d6t sinh khéi. Diém chdy FIRMS (Hinh 10)
ghi nh4n nhiéu vu chdy trong ngay 12-13/01/2022 tai
Campuchia va mét phdn Pong bang song Ctiu Long,
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Hinh 7: Sy bién thién chat lugng khong khi va khi

tugng tai Binh Tan, thang 1/2022 (nguén: nhém tac
gia)

cling ¢6 gia thuyét c6 nguén dong gop tii phia tay.

Hinh 8: D liéu phan tich quy dao ngugc BWT tai
Binh Tan giai doan 8- 21/01/2022 (nguén: nhém tac
gid)

Hinh 9: D& liéu MERRA- 2 trung binh thdng 1/2022:
(@) AOD, (b) SO,, (c) CO (ngudn: Nhém tac gia)

Hinh 10: D{1 liéu dém diém chéy tir FIRMS (a) 12 -
(b) 13 /1/2022 (ngudn: nhém tac gia)

T6ng hgp cac biang chiing cho thdy dgt PM; 5 ting cao
6 TPHCM déu thang 01/2022 nhiéu kha nang xuit
phét tit sy két hgp gitta van chuyén tdm xa va diéu
kién khi tugng bat lgi, trong d6 dot sinh khoi la mot
tac nhan quan trong, bén canh cic nguén dia phuong.

KET LUAN

Nghién ctiu dd mo ta dic trung phan b khong gian
- thoi gian ciia PM; 5 tai TPHCM nam 2022 thdng
qua tich hgp dit liéu quan tric da ngudn v6i mo phong
khi tugng - héa hoc. V€ khong gian, noéng do cao tap
trung & trung tdm va cac nut giao thong-cdéng nghiép,
gidm dan vé phia ngoai 6 va ven bién. V€ thdi gian,
PM; 5 thé hién tinh mua r6 rét: cao trong mutia kho
(d4c biét thang 1 va 12) va thép trong mtuia mua, day
vao thang 9. M6 hinh WRF - CMAQ tai hién tot cdu
truc khong gian va thdi gian; nhung c6 xu huéng lam
tron cyc tri, danh gid thdp cac dinh ddu/cudi ndm va
nang nhe nén miia mua, déng thoi thé hién tinh dong
nhét khong gian cao hon thyc do. Phan tich su kién
thang 01/2022 cho thdy dgt 6 nhiém kéo dai di kem
su gia ting dong thoi ctia O3 va CO dudi diéu kién
khi tugng bét 1i; quy dao ngugc HYSPLIT cung béng
chiing MERRA-2 va FIRMS cho thdy tac dong phoi
hgp cta van chuyén tit huéng dong bac va dét sinh
khéi khu vic. Céc phat hién nay nhan manh nhu cau
kiém soét song song ngudn phat thai tai chd va tac
nhén van chuyén xa trong céc giai doan bt lgi khi
tugng, dong thoi wu tién can thiép tai cdc hanh lang
giao thong va cum cong nghiép - noi dong vai tro
“diém noéng” 6 nhiém.

Tuy nhién, viéc dién gidi két qua cin tinh dén mot s6
gi6i han: (i) kiém ké phét thai dia phuong van tiém &n
bat dinh theo thdi gian va theo loai hinh ngudn; (ii)
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sai léch khi tugng vé mua, gié bé mit va dic tinh 16p
bién c6 thé dnh hudng dén khuéch tén - ling dong
hat; va (iii) d6 pht di liéu b6 trg con han ché, thiéu
thong tin vé€ thanh phén héa hoc PMj 5; (iv) cac phan
tich van chuyén xa chi yéu mang tinh dinh tinh, chua
lugng héa dugc ty 1¢ dong gbp nguon.

Trong tuong lai, nghién ctu sé tap trung hoan thién
kiém ké phat thai theo gi¢/ngay, thit nghiém cac so
d6 tham s6 héa PBL va vi mé méy, déng hoa di liéu
quan tric d€ hiéu chinh tryc tuyén, va ting dung cc
phuong phap tich ngudn dinh lugng nhim ning cao
d0 tin cay ctia ddnh gid va hé trg hoach dinh chinh
sach giam phat thai hiéu qua hon cho TPHCM.

LOI CAM ON

Nghién ctiu nay dugc tai trg bdi Pai hoc Qudc gia
Thanh phé H6 Chi Minh (VNU-HCM) theo dé tai ma
s6 C2024-24-07/HD-KHCN.

XUNG POT LO1iCH

Céc tdc gia tuyén bd rang khong c6 xung dot lgi ich
ndo lién quan dén nghién ciu nay

PONG GOP CUA CAC TAC GIA

D6 Thi Thuy Linh: phén tich s6 liéu, cdu truc va
viét ban thdo. Nguyén Thoai Tam: hé trg chay mo
hinh CMAQ-WRE Nguyén Ngoc Thio Nguyén: hé
trg chay mo hinh hysplot va dii liéu vé tinh, Nguyén
Thi C&m Nhang: ho trg phén tich s6 liéu.
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ABSTRACT

Understanding the spatiotemporal characteristics and regional influences of fine particulate matter
(PMjy_5) is crucial for effective air quality management in rapidly urbanizing cities. This study evalu-
ates the spatiotemporal distribution of PM; 5 in Ho Chi Minh City in 2022 by integrating multi-site
observations with a coupled meteorology—chemistry simulation. Results indicate that high PM; 5
concentrations are concentrated in the urban center and traffic - industrial hotspots, gradually de-
creasing toward suburban and coastal areas. Seasonal variability is pronounced, with elevated con-
centrations during the dry season (January and December) and lower levels during the rainy season
(September), consistent with observations. A pollution episode occurred in January 2022, during
which PM, 5 increased to 31 - 46 ug m— alongside rises in O3 and CO. Analysis of HYSPLIT trajec-
tories, MERRA - 2 data, and FIRMS fire counts suggests that northeast air masses combined with
regional biomass burning were likely major contributors to this episode. The WRF - CMAQ model
reproduces the overall spatial patterns but tends to smooth extreme values and reduce spatial con-
trasts. This study highlights the importance of refining emission inventories, improving meteoro-
logical parameterizations, and enhancing coordinated pollution control at both local and regional
scales.

Key words: Urban air quality, Biomass burning, Transboundary transport, PM2.5, WRF - CMAQ
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