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LOI CAM DOAN

Tac gid xin cam doan day la cong trinh nghién ctru ciia ban than tac gia.
Céc két qua nghién ctru va cac két luan trong Ludn an nay 1a trung thue, khong
sao chép tir bat ky mot ngudn nao va dudi bat ky hinh thirc ndo. Viéc tham khao
cac nguén tai liéu da duoc thyuc hién trich dan va ghi ngu6n tai liéu tham khao
ding quy dinh.
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Nguyén Hai Pong
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LOI CAM ON

Trude tién tac gia xin guri 101 cam on dén Vién Khoa hoc Khi twong Thuy vin
va Bién ddi khi hau, Trung tam Dich vy vién tham va dia tin hoc (nay la Trung tam
Trién khai c6ng nghé vién tham), Cuc vién tham qudc gia di tao moi diéu kién thuan
loi cho tac gia trong qua trinh nghién ctru va hoan thanh Luan an. Tac gid cling xin
guri 101 cam on t6i Trung tim Quan tric M6i trudng, Tong Cuc Mbi truong, Chi Cuc
Bao vé mdi trudng, SO Tai nguyén va Moi truong Ha Noi dd cung cip sb liéu quan
trac can thiét cho viéc hoan thanh nghién ciru cia tac gia.

Véi long kinh trong va biét on sdu sic, tac gia xin giri 161 cam on dic biét toi
hai thiy hudng dan 1a PGS.TS. Dodn Ha Phong va TS. Lé Ngoc Cau da tan tinh giup
dd tac gia tir nhitng budc dau tién x4y dung hudng nghién ctru, cling nhu trong sudt
qua trinh nghién ctru va hoan thién Luén an. Hai thay ludn tng ho, dong vién va hd
trg nhitng diéu kién tot nhat dé tac gia hoan thanh Luan an. Téac gia tran trong cam on
PGS.TS. Duong Héng Son d3 tao diéu kién thuén loi vé tai liéu, sb liéu tinh toan
phuc vu Luén an.

Tac gia chan thanh cdm on céc chuyén gia, cac nha khoa hoc trong va ngoai
Vién Khoa hoc Khi twgng Thily van va Bién d6i khi hau va cac co quan hitu quan da
c6 nhitng gop ¥ vé khoa hoc ciing nhu hd tro ngudn tai liéu, sb liéu cho tac gia trong
subt qué trinh thyc hién Luan an.

Cubi cung, tac gia xin guri 101 cam on téi nhitng nguoi than yéu trong gia dinh
da Iuon ¢ bén canh, dong vién ca vé vat chat va tinh than dé tac gid hoan thanh tbt
Luan an cta minh.

Tac gia luan an

Nguyén Hai Pong
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MO DAU

1. Pit van dé, 1y do lwa chon dé tai

Khéng khi 13 luong chit khi ludn bao quanh ching ta, khong khi khong
c6 mau, khong mui, khong vi va ddy 12 mot yéu té quyét dinh sy sdng ctia con
ngudi cling nhu toan bo sinh vat séng trén trai dat.

Thanh phan chinh ctia khong khi bao gdm nito (78,1% theo thé tich), va
oxy (20,9%), vé1 mdt luong nhd agon (0,9%), didxit cacbonic (dao dong
khoang 0,035%), hoi nudc va mot sé chat khi khac nhu métan, oxitnito,
monoxit cacbon, hydro, 6z6n, héli, néon, kripton va xénon. Ngoai ra, con co
cac phan tir bui, khoi, phan tir mudi, phan tir tro ndi lira, byi thién thach va phan
hoa ctia khi quyén phu day dic & gan bé mit cia Trai Dat va nong d6 lodng dan
& phia ngoai bau khi quyén bao vé cudc sdng trén Trai Dat bang cach hap thu
cac buc xa tia cuc tim cua Mat Tro1 va tao ra su thay ddi vé nhiét do gilra ngay
va dém [7].

O nhiém mai truong khong khi 1 sy thay d6i 16n trong thanh phan cta
khong khi hodc khi c6 su xuét hién cac khi la 1am cho khong khi khong con
sach, co sy téa mui, lam giam tam nhin xa, gay bién ddi khi hau, gay bénh cho
con ngudi va cac loai sinh vat. O nhiém méi truong khong khi xa ra khi khong
khi ¢6 chtra cac thanh phﬁn ddc hai nhu cac loai khi, bui lo Itrng, khoi, mui vuot
qua mot ngudng gidi han nhat dinh [7].

O nhiém khong khi 12 mot van dé 16n ma tat ca cac quoc gia trén thé gidi
phai ddi mit, téc do phat trién d6 thi va cong nghiép nhanh chéng dd dan dén
mot lugng 10n cac chét thai doc hai tiém tang duoc thai vao khi quyén. Hau qua
13 6 nhidm khong khi anh hudng dén sic khoe va hanh phiic cua con ngudi,
gay thiét hai trén di€n rong cho tham thyc vat, cay tré)ng, dong vat hoang da va
khi hau, 1am can kiét cdc ngudn tai nguyén thién nhién can thiét cho phat trién

kinh té 1au dai.



C6 nhiéu quy chuan dé danh gia chat luong khong khi (CLKK) khac
nhau, tuy nhién, néng do cac hat lo Iting trong khong khi, dac bi¢t 1a bui PMa s
va bui PMo, dd dugc chip nhan rong rii dé danh gia vé chat lugng khong khi.
Do d6, thuat ngir chat lugng khong khi s& dé cap dén nong d6 bui PMas cua
moi truong khong khi trong cac phan con lai ciia nghién ctru nay.

Pé danh gia chat luong khong khi, nhidu phuong phap ciing nhu giai
phap k¥ thuat da dugc phat trién nhu phuong phap do dac bang céc thiét bi tai
céc tram quan trac dat trén mit dat, phuong phap vién tham (thong qua cic cam
bién duoc ldp dat trén cac vé tinh) va phuong phap mé hinh héa (sir dung cac
moO hinh toan).

Déi v6i phuong phap do dac bang cac thiét bi tai cic tram quan trac dit
trén mat dat, cac chat gay 6 nhiém khong khi cung cép duoc mot cach dinh tinh,
dinh luong vé ndng d6 va sy ling dong. Tuy nhién, ching chi c6 thé mé ta
CLKK tai cac vi tri va thoi diém cu thé ma khong dua ra dugc dinh huéng vé
viée xac dinh ngudn gbc, nguyén nhan ciia sy 6 nhiém khong khi.

Phuong phap vién tham st dung cac cam bién dit trén cac vé tinh duoc
st dung dé danh gia CLKK trén di¢n rong tai cuing mot thoi diém. Tuy nhién,
phuong phép nay hién ciing chwa dap timg duoc yéu cau vé do chinh xac, tan
suit cung cap thong tin, kha ning du bao.

Trén thuc té, ndng d6 cua cac chat trong khong khi duge quyét dinh boi
SuU van chuyén, khuéch tan, bién d6i hoa hoc theo thoi gian va l:fmg dong trén
bé mit. Do d6 d6i véi ca phuwong phap do dac bing cac thiét bi tai cac tram
quan trac dt trén mat dat va phuong phéap vién tham déu khong thé moé ta duoc
qua trinh van chuyén, khuéch tan va bién d6i hoa hoc. Trong khi d6, phuong
phap mo hinh hoa, cy thé 14 mé hinh CLKK 1a cong cu s6 mot duoc st dung
dé mo ta moi quan hé nhan qua giita khi thai, khi tugng, nong d6 cc chét trong

khéng khi, su lang dong va cac yéu td hoa hoc khac. M6 hinh CLKK c¢6 thé md



ta phuong phap xac dinh day du hon vé van dé chat luong khong khi, bao gom
phan tich cac yéu t6 va nguyén nhan (ngudn phat thai, qué trinh khi trong va
cac thay doi vat Iy va héa hoc) va mot sd dinh hudng vé viéc thuc hién cac bién
phép giam thiéu [8].

Hé théng mo hinh chit luong khong khi da qui mé Community Multi-
scale Air Quality (CMAQ) 12 hé théng mé hinh c6 kha ning mé phong cac qua
trinh khi quyén phtc tap anh hudng téi bién ddi, lan truyén va ling dong. Day
1a mot hé thong md hinh chay trén hé diéu hanh Linux hoan toan mién phi.
CMAQ tiép can chat lugng khong khi mét cach téng quat véi cac ky thuat hién
dai trong cac van dé vé CLKK, bao gém khi 6z0n trén t?mg ddi luu, doc td, bui
min, lang dong a xit, suy giam tam nhin va nhiéu loai doc té trong khong khi.
CMAQ ciing duoc thiét ké da quy mé dé khong phai tao ra cac mé hinh riéng
biét cho vung d6 thi hay nong thén. Do phan giai va kich thudc mién tinh c6
thé khac nhau mot vai bac dai lugng theo khong gian va thoi gian. Tinh mém
déo theo thoi gian cho phép thuc hién cac mo phong nham danh gia dai han cac
chat 6 nhiém hay lan truyén ngan han mang tinh dia phuwong. Tinh mém déo
theo khong gian cho phép sir dung CMAQ dé mé phong quy mé do thi hay khu
vuc [91].

Tuy vay, d6i voi phuong phap md hinh héa, yéu to s lidu dau vao cta
mo hinh ¢6 vai trd rat quan trong, quyét dinh dén d6 chinh xac cua két qua mo
phong va du bao CLKK dau ra. Yéu t6 dau vao ciia md hinh bao gém cac yéu
tb lién quan dén khi tuong nhu do am, g16, nhiét do; cac yéu tb trang thai CLKK
va yéu td dia hinh, 16p phu. Tuy nhién, trén thuc té hién nay, chua c6 mot
phuong phap nao c6 kha nang cung cap hoan chinh toan b sé liéu dau vao cho
mo hinh chit luong khong khi ma can phai c¢6 su tich hop tir nhiéu ngudn sb
liéu khac nhau; tir nhiéu phwong phap trich xuit sb liéu khac nhau. Pay ciing
1a nhitng van dé kho khan va 1a diém mau chdt can giai quyét dbi vai bai toan

mo hinh héa chit luvgng khong khi [4], [9], [11].



Véi nhu cau cdp bach cua xa hoi vé giam sat CLKK, trong nghién ciru
nay, tac gia s& tap trung vao nghién ctru tim ra giai phap k¥ thuét tich hop sb
liéu vé tinh trén co s phuong phap dong hoa sb liéu dé xay dung dugc bo s6
liéu dau vao cho mo hinh CMAQ thtr nghiém tai khu vyc Ha No6i. Trén co s&
d6 dé tai nghién ctru “Nghién ciru dong héa soé liéu vé tinh cho mé hinh chit
lwong khong khi CMAQ tai khu vuwc Ha N$i” da dugc lya chon.

Dé thyc hién nghién ctru nay, mat sb cau hoi duoc dit ra nhu sau:

- Déng hoéa s6 liéu cho mé hinh CMAQ duge thuc hién & module nao cua
mo hinh?

- Loai s liéu vé tinh nao dap tng duogc yéu cau cho muc dich déng hoa
va viéc dong hoa sd lidu vé tinh cho mé hinh CMAQ dugc tién hanh nhu thé
nao?

- Panh gia két qua ctia mé hinh sau khi sd liéu vé tinh d3 dugc déng hoa
nhu thé nao? Hiéu qua cua viéc dé)ng hoéa sb liéu vé tinh trong viéc giam sat 6
nhiém khong khi?

2. Muc tiéu va nhiém vu nghién ciru

2.1. Muc tiéu nghién cuu

- Nghién ctru ap dung phép loc Kalman t6 hop (LETKF) dé dong hoa sb
liéu AOD tur vé tinh MODIS, nang cao do chinh xac udc tinh n@)ng do PM, s
trong khong khi cho khu vuc Ha Ni.

- Nghién ctru dé xuat duoc Quy trinh dong hoa sd liéu vé tinh AOD sir
dung module WRFDA phuc vu cong tac danh gia chat luong khong khi phu
hop véi diéu kién cta Viét Nam.

2.2. Nhiém vu nghién cuu

a) Thu thép tai liéu: Thu thap céc tai liéu lién quan dén van dé nghién
clru; tai lidu vé khu vuc nghién ctru; tai li¢u vé mo6 hinh WRF (The Weather

Research and Forecasting Model) va m6 hinh CMAQ.



b) Thu thip cdc sé liéu: SO lidu khi tuong: nhiét do, do am, ap suat, toc
d6 gio, hudng gio, birc xa; S6 liéu ndng do cac thanh phan hat PMo va PMas;
S liéu d6 sau quang hoc (Aerosol Optical Depth - AOD) tir vé tinh MODIS;
S6 liéu phat thai; va cac sb liéu khac co lién quan dén mé phong chat lugng
khong khi.

c) Cac noi dung nghién cuu:

- Nghién ctru cac phuong phap, thuat toan dong hoa sd lidu, xac dinh
dugc phuong phap dong hoa tdi uu.

- Nghién ctru hé thong md hinh WRF-CMAQ: cai dit cac module ctia hé
théng moé hinh; module dong héa s liéu; lwa chon phuong phap dong hoéa téi
ru duoc ap dung trong hé thong mé hinh; yéu cau s6 liéu dau vao cho mé hinh,
s6 liéu cho module dong hoa; cac budc md phong ctia mo hinh; két qua dau ra;
cac module xtr 1y két qua.

- Nghién ctru phuong phap xur 1y s6 liéu khi tuong, s6 liéu vé tinh va sb
liéu phat thai; xay dung bd s6 liéu khi twong dau vao cho hé théng mé hinh
WRF-CMAQ; xtr Iy sb liéu vé tinh dap mg muc dich déng hoa; xur ly sb litu
phat thai cho m6 hinh CMAQ.

- Nghién ctru xay dung quy trinh mé phong chit lugng khong khi c¢6 va
khong c6 déng hoa s6 lidu vé tinh trén hé thong mo hinh WRF-CMAQ.

d) Thuee nghiém mé phong trén hé thong mé hinh WRF-CMAQ: Xac dinh
mién mod phong trén co sé khu vuce thue nghiém; Xac dinh thoi gian mé phong
trén co so s liéu thu thap duoc; Tién hanh moé phong theo quy trinh d3 xay
dung; Nghién ctru, phan tich, so sanh két qua mé phong theo quy trinh c6 va
khong c6 dong hoa sb lidu vé tinh; Panh gia tac dong ctia qua trinh dong hoa
dén két qua mo phong.

3. P6i twong va pham vi nghién ciru

- Doi twgng nghién ciru



N(‘A)ng do bui min PM,s; Hé théng md hinh WRF-CMAQ); Phép loc
Kalman; Dt liéu vién tham Moderate Resolution Imaging Spectroradiometer
(MODIS); b6 sau quang hoc AOD.

- Pham vi nghién cvuu

Theo céc s6 liéu da duge cong bd, Ha Noi 1a mot trong hai dia phuong
ctia Viét Nam thuong xuyén c6 tinh trang & nhiém khong khi & mirc cao. Mt
khac, sb liéu tai cac tram quan trac do nghién ctu sinh thu thap duoc, dé su
dung 1am ddi sanh véi két qua moé phong, 1a s liéu quan trac cho cac nim 2015,
2017 va 2019. Do vay, pham vi nghién ctru dugc xac dinh, cu thé nhu sau:

+ Pham vi khong gian: nghién ctru trén pham vi khu vuc Ha Noi va cac
vung lan cén;

+ Pham vi tho1 gian: nghién ctiru qua cac ndm 2015, 2017 va 2019;

+ Pham vi vé noi dung nghién cuu: Dé)ng hoéa sb liéu vé tinh AOD cho
hé théng méd hinh WRF-CMAQ.

4. Phwong phap nghién ctru

- Phuong phép chuyén gia tu van: Tham khao chuyén gia tu véan trong
linh vuc do dac, giam sat 6 nhiém khong khi;

- Phuong phap xtr 1y anh vién tham: Thyc hién cong tac xur 1y, tinh toan
truc tiép s6 liéu AOD, néng d0 bui trén anh vién tham MODIS;

- Phuong phap mé hinh héa: K¥ thuat dong hoa sb liéu vé tinh cho mé
hinh CMAQ;

- Phuong phap théng ké, phén tich da thoi gian: Phan tich dién bién nong
d6 bui PMa s tir két qua ctia md hinh theo thdi gian mo phong;

5.'Y nghia khoa hoc va thuec tién

5.1. Y nghia khoa hoc

- Luén 4n cung cp co s khoa hoc, phuong phap méi st dung sé liéu vé
tinh xay dung dugc bo s6 liéu dau vao cho hé théng moO hinh WRF-CMAQ
trong viéc mod phong, danh gia chat luong khong khi tai khu vie Ha Noi.



- Luén an xay dyng dugc quy trinh dong héa sd liéu vé tinh cho mé hinh
chat luong khi da quy mé CMAQ nhim tao cong cu phuc vu danh gid chat
lugng khong khi tai khu vuc Ha Noi noi riéng va Viét Nam noi chung.

5.2. Y nghia thuc tién

Két qua ctia Luén 4n co thé ap dung vao cong tac danh gia chat luong
khong khi, hd trg cac nha quan 1y trong viéc giam sat, xac dinh ngudn phat thai
gy 6 nhiém, tir 46 xem xét, quyét dinh cac hoat dong nhdm giam thiéu 6 nhiém
khong khi, phat trién kinh té x4 hoi.

6. Dong gop mai

Thiét 1ap dugc phuong phap méi trong viée danh gia CLKK thong qua
mo hinh CMAQ mang tinh chét toan dién phuc vu giam sat 6 nhiém khong khi
trén dia ban thanh phd Ha Noi va mo rdng cho tit ca cac tinh thanh trén pham
vi cd nudc va dac biét hiru ich cho cac khu vuc chua ¢6 tram quan tric mat dat.

7. Luén diém béo vé

- Lugn diém I: Quy trinh dong hoa sb liéu vé tinh AOD str dung module
WRFDA phuc vu cong tac du bao, danh gia CLKK phu hop voi diéu kién cua
Viét Nam.

- Ludn diém 2: Dong hoa s liéu AOD tir vé tinh MODIS néng cao do
chinh xéac udc tinh, du bao CLKK cho khu vuc Ha Ngi 1a phu hop.

8. B6 cuc ciia luin an

Ngoai cac phén mé dau; tai liéu tham khao; phu luc, cAu trac ludn an gém
03 Chuong:

Chuong 1. Téng quan vé cac phuong phap dong hoa.

Chuong 2. Co s6 toan hoc va phuong phap nghién ctru.

Chuong 3. Két qua dong hoa sb liéu vé tinh cho hé théng mé hinh WRF-
CMAQ.

Két luan va kién nghi.



CHUONG 1: TONG QUAN CAC PHUONG PHAP PONG HOA

1.1. Tong quan cic phwong phip quan tric méi trwomng

1.1.1. Céc phwong phdp quan tric méi truong

Theo Luat Bao vé méi trudng nim 2020 [5], thanh phan méi truong 1a
yéu td vat chét tao thanh méi truong gém dét, nudc, khong khi, sinh vat, am
thanh, d&nh sang va cac hinh thai vat chét khac. Quan trac moi tuong 1a viéc theo
ddi lién tuc, dinh ky, dot xuat c6 hé thong vé thanh phan méi truong, cac nhan
t6 tac dong dén moi truong, chat thai nham cung cap thong tin danh gia hién
trang moi truong, dién bién chat luong moi trudng va tic dong x4u dén chét
lugng moi trudong.

Theo tac gia Andrew Knox [53], giam sat 6 nhiém khong khi 1a viéc str
dung cac cong cu, phuong phap khoa hoc va toan hoc dé danh gia ndng d6 hoic
tdc do phét thai cac chat gay 6 nhiém khong khi. C6 nghia 13, giam sat 6 nhiém
khong khi 1a sy theo doi, quan sat mang tinh chi dong thuong xuyén cia co
quan chirc ning d6i voi CLKK va sy tac dong bang cac bién phap tich cuc
nham han ché tinh trang 6 nhiém khong khi, bao dam sy tac dong ctia 6 nhiém
khéng khi dén strc khoe, doi sbng, hoat dong xa hoi ctia ngudi dan & mire thap
nhat.

O Viét Nam, cong tac giam sat 6 nhidm khong khi dua trén co sd cac sb
liéu quan trac duoc theo quy dinh cu thé cua timg thanh phan vat chét gay 6
nhiém ton tai trong khong khi dugc quy dinh tai Thong tu sd 24/2017/TT-
BTNMT ngay 01 thang 9 nam 2017 [2].

Theo Quy chuan k¥ thuat quoc gia vé CLKK xung quanh QCVN
05:2013/BTNMT duogc Bo Tai nguyén va Moi truong ban hanh nam 2013 [1],
gia tri gi6i han cta cac thong sb co ban trong khong khi xung quanh dugc quy

dinh tai Bang I.1.



Bang 1.1. Gid tri giéi han cdc théng sé co bdn trong khéng khi xung quankh.
Pon vi: Microgam trén mét khoi (ug/m’)

TT Théng sb Trung.pinh TrungPinh Trung Pinh Trunig binh
1 gio» 8 gio 24 gio nam

1 | SOz 350 - 125 50

2 |CO 30.000 10.000 - -

3 |[NO2 200 - 100 40

4 103 200 120 - -
Tong bui lo lung

5 300 - 200 100
(TSP)

6 | Bui PMo - - 150 50

7 | Bui PM2s - - 50 25
Pb - - 1,5 0,5

Ghi chu: diu (-) 1a khong quy dinh

Ciing theo QCVN 05:2013/BTNMT, d6i v6i mdi mot loai théng s co
ban trong khong khi dugc quy dinh mgt phuong phdp phan tich xac dinh khac
nhau nhung chi yéu dua trén viéc xac dinh ndng d6 khoi luong ciia chiing trong
khong khi.

a) Phuwong phap xac dinh bdng thiét bi quan tric

a.l) T hiét bi quan trdc dat tai tram quan trdac mat dat

O Viét Nam, phuong phap xac dinh céc thong sb co ban trong khong khi
béng thiét bi quan tric tai cac tram quan tric dat mat dat caa duoc quy dinh tai
QCVN 05:2013/BTNMT va Thong tu s6 24/2017/TT-BTNMT, cu thé nhu sau:

- Xé4c dinh ndng do khéi luong cua Sunfua didxit (SO2) bang phuong
phap huynh quang cuc tim theo Tiéu chuan Viét Nam TCVN 7726:2007 [15]:
phuong phap nay dua vao phat xa anh sang huynh quang do céc phan tu SO
trude dé da dugc kich hoat béi birc xa UV. Ky thuat do nay it bi cac chét hoa
hoc gay nhiéu so vé6i cac k¥ thuat hién hanh khac, tuy nhién, cac hop chit sau

day c6 thé anh huong dén phép xac dinh luu huynh dioxit: hydro sunfua,
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hydrocacbon vong, oxit nitric, nudc va cac hop chit mecaptan c6 khdi luong
phan ttr thap.

- Xac dinh ndéng d6 khéi luong cua nito didxit (NO2) bang phuong phap
Griess-Saltzman cai bién theo TCVN 6137:2009 [16]: Nito dioxit c6 mét trong
mau khi dugc hip thu bang cach cho di qua thudc thir tao pham mau trong
khoang thoi gian xac dinh. B§ hép thu ctia dung dich mau sau d6 duoc do &
budc séng giita 540 nm va 550 nm bang quang pho ké phu hop. Nong do khéi
luong twong tmg cua nito diéxit duoc xac dinh tir dudng chuan cua do hap thu.

- Xac dinh néng do khdi luong cia carbon monoxit (CO) bang phuong
phap do phd hdng ngoai khong phan tan theo TCVN 7725:2007 [14]: Mau
khong khi dugc dua vao may do phd hong ngoai khong phan tan (NDIR). May
do phd do d6 hap thu cua CO tai budc song 4,7 pm dung hai chum tia hong
ngoai song song trong d6 mot chum tia di qua ngin chira mau, mot chum tia di
qua ngan ddi chuing va mdt detector chon lgc. Tin hi¢u cua detector di vao bd
kiém so4t khuéch dai va tin hiéu dau ra cua thiét bj phan tich duoc hién thi trén
ddng ho va hé théng ghi, luu gitt dir lidu.

- Xac dinh ndng do khdi luong ciia 6z6n (O3) trong khong khi xung quanh
bang phuong phap huynh quang cuc tim theo TCVN 7171:2002 [13]: Mau khi
di lién tuc qua cuvet, & d6 tia UV tir dén thiy ngan (Hg) 4p suit thip & budc
song 253,7 nm chiéu vao. Nong d6 6z6n trong khong khi xung quanh duoc do
bang sy hap thy tia UV ctia mau khi trong cuvet.

- Xac dinh néng d6 bui: C6 nhiéu phuong phap va thiét bi khac nhau dé
xé4c dinh ndng d6 bui cho cac mdi truong khac nhau. Khi xac dinh ndong do bui
trong khong khi, cac yéu té sau ddy phai dugc tinh dén: (i) tong néng d6 khdi
luong ctia bui, (ii) ndong do cua cac loai bui, (iii) phan bd kich thudc bui, (iv)
thanh phan hoa hoc. Bui trong khong khi dugc chia thanh loai c¢6 thé ho hap va
tong sd. Bui ¢ thé ho hip 1a cac hat co dudng kinh khi dong hoc dudi 7,0 um.

Téng sb bui 14 toan bd cac hat co thé duoc thu thap dudi dang hat trong khong
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khi va khong can tach bui ho hap. Két qua xac dinh nong do bui trong khong
khi dugc biéu thi bang mg/m?>.

Phuong phap xéac dinh ham luong tong bui lo limg (TSP) theo tiéu chuan
TCVN 5067:1995 [12] dua trén viéc can luong bui thu dugc trén cai loc, sau
khi loc mét thé tich khong khi xac dinh.

Péi véi viec xac dinh nong d6 bui PM o (Particulate Matter) va PMa s ¢6
thé ap dung cac phuong phap: phuong phap trong luong 1dy mau chia doi theo
tiéu chuan AS/NZS 3580.9.7:2009 [92]; phuong phap dua trén sy hap thu tia
beta cila bui; phan tich néng do bui bang phuong phap tan xa anh sang.

Trudc nam 2016, Ha Noi c6 tram quan trac dat tai Trung tam Quan tric
moi truong, dudng Nguyén Van Cir, ddy 1a mot tram quan trac ¢ dinh. Thiét
bi dit tai tram nay str dung phuwong phap tin xa anh sang dé xac dinh ndng do
bui PMio va PM2s.

Nam 2016, Ha No6i da dua vao van hanh thém 10 tram quan tric moi
truong khong khi tw dong lién tuc, gdm 2 tram c6 dinh va 8 tram cam bién. Hai
tram ¢d dinh quan tric 6 chi tiéu chinh, bao gé)m: bui PM;y, PM, 5, NO,, CO,
O va SO,. Ngoai ra, con quan tric thém cac thong sd khi twong cé thé anh
hudéng dén CLKK nhu: ap suét, nhiét do, do am, huong gio, tdc d6 gio, buc xa
mat troi. Tam tram cam bién quan tric 4 thong s6 6 nhiém PM;o, PM, s, CO,
NO, va thong s khi twong (Nguon: moitruongthudo.vn). Di véi bui PM,
PM, s, thiét bi tai 02 tram nay st dung phuong phép dya trén sy hép thu tia beta
ctia bui. Pén thang 5/2020, Ha Noi tiép nhan thém 24 tram cam bién quan tric
moi truong khong khi ty dong do Han Qudc tai tro.

V61 muc tiéu cua hé théng quan tric khong khi ty dong: Pinh luong va
dién bién chat lugng khong khi theo thoi gian; Xac dinh hiéu qua giam sat chat
luong khong khi cua timg ving dé danh gia cac bién phap kiém soat vé phat
thai. Dong thoi, xac dinh mdi quan hé giita ngudn phat thai va hé tiép nhan dé

nghién ctru va danh gia cac xu thé 6 nhiém cta chat luong khong khi trong
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tuong lai, dé tién hanh cac bién phap khan cip tai nhitng ving c6 6 nhiém dic
biét. Cung cip s6 liéu dau vao cho mo hinh héa dé 1ap ké hoach phat trién ving
bén viing va hop 1y.

Dé xac dinh néng do khéi luong cua cac thong s co ban trong khong
khi, phwong phap quang pho thuong duge str dung. Phuong phap quang pho st
dung su hap thy birc xa hong ngoai (infra-red - IR), nhin thy (Visible Spectrum
- VIS) hoic tia cuc tim (Ultraviolet - UV) béi cac chat khi 1am hiéu tGng do.
Dai dg dai soéng ctua IR (1.000 - 10.000 nm), VIS (400 - 800 nm) va UV (khoang
200 - 400 nm). Trong qua trinh nay, cac chat khi hap thy ning luong trong cac
dai do dai song nhét dinh duoc goi la dai hép thu. Trén co s& do sy mat cuong
d6 birc xa do qua trinh hap thy gay ra s& quan tric dugc cic thanh phan 6 nhiém
khong khi; d6 12 nguyén 1y dé phat trién cac may do chat luong khong khi bang
quang pho.

Véi phuong phap nay cé thé quan tric dugc cac thanh phan chat luong
khong khi nhu CO, CO,, NO, SO, H,0, CHs, CoHs va mot sd loai
hydrocarbons. Trong phuong phép nay, k¥ thuat huynh quang do cuong do phat
sang gay ra boi su kich thich ctia cac phan tor thong qua bic xa UV cua mot
budc song nhit dinh. K thuat nay thuong ap dung dé xac dinh thanh phan SO»
trong khong khi. Nong d6 SO» cang cao thi huynh quang cang 16n. Ngoai ra
con c6 ky thuat hoa chat phat quang do cudng do burc xa. Cudng d6 cia biic xa
dugc tao ra 1a thudc do ndng do ciia khi phan tng trong hdn hop khi, néu cac
diéu kién bén ngoai (ap suit, nhiét do va luu luong thé tich cua khi do) dugc
giit khong doi. Ky thuat nay duoc sir dung cha yéu dé do NO, NOx va O3 [92],
[45].

a.2) Thiét bi quan trdc ddt trén vé tinh (vién tham)

Tir nhitng nam dau thap ky 70 khi vé tinh dan su giam sat tai nguyén bé

mat Trai dit LANDSAT-1 cta MY dugc dua 1én quy dao, cac nha khoa hoc &
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cac nudc phat trién da tién hanh nghién ctru 6 nhiém moéi truong khong khi
béng tu liéu vién tham dua trén dic diém tan xa song dién tur cuia cac hat bui 6
nhiém trong khi quyén.

Theo Ohring G. va cong su (1973) [65] thi 6 nhiém khong khi chu yéu
xay ra & ting d6i luu cta khi quyén, tao thanh mot 16p mu khi quyén va goi 13
16p sol khi (aerosol). Cac nha khoa hoc di dé xuat nhiéu phuong phap khac
nhau dé xac dinh 6 nhiém khong khi tir s6 liéu vé tinh nhu: Phuong phap uéce
luong ndng d6 bui ¢ khu vuc do thi sir dung ty s gitra cac kénh phd cua tu liéu
LANDSAT TM (Carnahan va cong su, 1984) [23]; Phuong phap xac dinh do
day quang hoc cua sol khi tir sé liéu vé tinh bang cach sir dung hiéu tng lam
mo tan xa (Tanre va cdng sy, 1988) [36]; Phuong phdp xac dinh bui trong
khéng khi bang cach xdy dung ham twong quan giita do day sol khi AOD voi
néng do bui thu duoc béng viéc do truc tiép tai bé mit st dung s6 liéu vé tinh
Systéme Pour I’Observation de la Terre (SPOT) va LANDSAT-5/TM (Sifakis
va Deschamps, 1992) [78]; va s6 liéu anh vién tham MODIS va MERIS-
ENVISA (Nuno Grosso va cong su, 2007 [40]; Retalis va Sifakis, 2009 [79]).
Ngoai ra, tu liéu LANDSAT 8 OLI ciing da dugc nghién cru tmg dung trong
xac dinh bui PM2 s va PMjo trong khong khi (Zhang va cong sy 2015) [27].

DPéi véi viee st dung s6 liéu vién tham dé nghién ctru, xac dinh mot )
loai sol khi trong khong khi nhu SO2, NO2, CO ciing da duoc tién hanh [20],
[35], [44], [76]. Hién tai c6 rt nhiéu sé liéu vé tinh chuyén giam sat cac thanh
phan khong khi va khi quyén da duoc ching minh 1a co gia tri dbi véi linh vuc
giam sat 6 nhiém khong khi. S6 liéu chu yéu duoc thu thap bdi cac thiét bi trén
cac vé tinh do Co quan Hang khong va Vii tru Qudc gia (National Aeronautics
and Space Administration - NASA), Co quan Khi quyén va Pai duong Quéc
gia (National Oceanic and Atmospheric Administration - NOAA) va Co quan
hang khong vii tru Chau Au (European Space Agency - ESA) van hanh.
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Gan day so lidu vé tinh Sentinel-5P ctiia ESA chuyén vé giam sat cac
thanh phén chét lugng khong khi lién quan dén cac loai khi ga nhu CO/CO»,
NOx, SOx, O3. Nhiéu nghién ciru da thyc hién trén quy mé qudc gia va quy mo
chau luc & khu vuc Chau Au, chau MY nhu: tng dung s6 liéu tir bo cam bién
TROPOMI trén vé tinh Sentinel-5P dé giam sat khi CO toan bo ving Bac My
(Jian Zeng va cong su, 2019) [88]; st dung s6 liéu Sentinel-5P dé thanh lap ban
d6 chat luong khong khi, trong d6 nghién ciru da xay dung dugc ban d6 phan
bb NO: trong khong khi tai Cong hoa Séc (Jana Doubalov, 2018) [31].

Niam 2014, nhom tac gia Tran Thi Van, Nguyén Pha Khanh, Ha Duong
Xuan Bao thudc Truong Pai hoc Bach khoa va Truong Pai hoc Khoa hoc Tu
nhién, Pai hoc Qudc gia Thanh phé H6 Chi Minh d3 nghién ctru tng dung do
day quang hoc cua anh anh vé tinh Landsat mé phong phan b6 bui PMio khu
vuc nodi thanh Thanh phé H6 Chi Minh [17]. Nghién ciru nay da xu 1y anh vé
tinh, tinh toan gid tri d day quang hoc sol khi (Aerosol Optical Thickness -
AOT) trén anh, thuc hién phén tich twong quan, hdi quy giita gia tri AOT tinh
toan trén anh va ndng do PM o do tai cac tram quan tric mat dat dé tim ham hoi
quy t6t nhat, cudi cung tinh toan phan bd ndng do PMio trén anh. Két qua cua
nghién ctru cho thay co su twong quan tt nhat trén ham hoi quy phi tuyén dang
da thic bac 2. Nghién ctru nay 1a budc dau thir nghiém chimg minh ring
phuong phép vién tham c6 thé duoc xem nhu mot cong cu hiru ich, kinh té hd
trg giam sat chat luong méi trudng khong khi & cac thanh phd.

Niam 2017, nhom nghién ctru Tran Pang Hung, Doan Ha Phong, Hoang
Thanh Tung, Nguyén Ngoc Anh, Lé Phuong Ha, Nguyén Thi Minh Hang,
Nguyén Ngoc Kim Phuong, Nguyén Hai Pong, Vién Khoa hoc Khi tuong Thity
van va Bién d6i khi hau da ung dung céng nghé GIS (Geographic Information
Systems - Hé thong thong tin dia 1) va vé tinh gidm sat thay d6i ham luong
bui PMas & mién bac Viét Nam (2000 - 2005 - 2010). Nghién ctru da str dung
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cac dir liéu do day quang hoc cua sol khi tir v€ tinh MODIS hay con goi la AOD
va s6 liéu PM2 s lam ngudn dit liéu dau vao cho moé hinh GEOS-Chem xac dinh
mbi tuong quan va tinh toan hé s6 hiéu chinh v&i AOD tir vé tinh s& cho két
qua PMa s bé mit chinh xac. Két qua cia nghién ctru da thanh 1ap duoc ban do
6 nhidém ndng d6 bui PMa s khu vuc mién Bic co thé sir dung dé cung cap béo
cao thuong xuyén cho cac nha chuyén moén va hoach dinh trén pham vi toan
quéc, hd tro cong tac quan 1y va ra quyét dinh chinh sach vé méi trudng.

b) Phwong phap moé hinh hoa

Theo Cuc bao v¢ moi truong Hoa Ky (US EPA) cac mo6 hinh moi truong
duogc sir dung dé tai tao lai cac qua trinh moi trudng xdy ra trong mot khoang
thoi gian nao d6. Ngdy nay, loai ngudi di hiéu rd viéc tién hanh nhimg thi
nghiém truc tiép véi sinh quyén trai dat 1a khong thé, do vy xay dung md hinh
1a phuong tién quan trong dé nhan thong tin vé tinh trang ciia sinh quyén khi
chiu nhiing tac dong ctia con nguoi.

Mo hinh 1& mét cdu trac md ta hinh anh da duoc tdi gian hoa theo dic
diém hoic dién bién cua mot d6i trong, mot hién twong, mot khai niém hodc
mot hé théng. MBS hinh ¢6 thé 13 mot hinh anh hodc mot vat thé duoc thu nho
hodc phong dai, hodc chi lam gon béng mot phuong trinh toan hoc, mot cong
thue vat 1y, mot ph?m mém tin hoc dé mé ta mot hién trang thuc té mang tinh
dién hinh.

Theo Bui T4 Long (2008), m6 hinh hoa moi trudong 1a nganh khoa hoc
mo phong hién tuong lan truyén chat 6 nhiém va cac du bao thay doi moi trudng
theo khong gian va thoi gian [4].

Ngay nay, cac loai md hinh da va dang dong mdt vai trd quan trong cac
linh vuc nghién ctu khoa hoc. Phuong phap mo6 hinh duogc st dung nhu 1a
nhing céng cu hitu dung gitip cac nha khoa hoc thu thap thong tin, s6 liéu ciing

nhu nghién ctru cic vin dé ma khong nhét thiét phai tién hanh cac thi nghiém



16

trén thuc dia (mo hinh vat Iy). Phuong phap mé hinh héa, thuc chat 1a dung cac
mo hinh toan hoc tinh toan, moé ta qua trinh van chuyén, khuéch tan, léng dong
chat 6 nhiém véi su tro gitip ciia méy vi tinh.

Phuong phap mé hinh héa dang ngdy cang tré nén phd bién va trd thanh
mot trong nhitng cong cu thiét yéu hd tro trong cong tac nghién ctru khoa hoc.
Viéc ndm chéc va thyc hién c6 hiéu qua phuong phap mé hinh hoa s& giup nang
cao chit lugng cta két qua va hd tro cong tac nghién ctiru mot cach dang ké.

Mo hinh chat lugng méi truong khong khi 1a mot cong cu toan hoc dung
dé mo ta cac moi quan hé nhan qua gitra luong phat thai chat 6 nhiém, diéu kién
khi twong, ndng d6 chit 6 nhiém trong khong khi, qua trinh ling dong va cac
yéu t6 khac [91].

Do dac chat 6 nhidm moéi trudng khong khi cung cép thong tin quan trong,
dinh luong vé ndng d6 méi truong khong khi xung quanh va luong ling dong
tai cac dia diém va thoi gian cu thé. Cac s6 liéu nay khong dua ra duge nhiing
nguyén nhan gay ra suy gidm CLKK.

Mo hinh chat lwong méi trudng khong khi co thé mo ta day du hon vé
cac van dé chit luong khong khi. Chung khong chi phén tich cac nguyén nhén,
cuong do cua ngudn thai, vai tro cta cic yéu td khi tuong, cac qua trinh vat 1y
va hoa hoc ma con c6 thé danh gia hiéu qua ctia mot sd bién phap giam thiéu 6
nhiém.

Mo hinh chét lwong méi truong khong khi 1a phuong phép duy nhét dinh
luong duoc mdi quan hé giita lwong thai va ndng do, bao gdm ca nhiing két qua
ctia nhitng kich ban trong qua khir va tuong lai nham xac dinh hiéu qua cua cac
chién lugc giam nhe. Piéu nay cho thiy cdc mé hinh chat luong moi truong
khéng khi 1a cong cu khong thé thiéu trong nghién ctru khoa hoc cling nhu quan

1y nha nuéc vé moi trudng [7].
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Tai nhiéu quéc gia hoac khu vuc, cac hé théng mo hinh da dugc st dung
dé du bao chat luong khong khi thuong xuyén hodc tac nghiép nhu hé thdng
OPANA cuia chau Au, GEM-MACH cuta Canada, WRF-CMAQ cua My.

AERMOD 13 mot mé hinh khuéch tan Gauss 6n dinh chi dung duy nhat
s6 lidu gi6 dé tinh toan lan truyén khi thai. AERMOD ciing két hop dir liéu dia
Iy nhu: do cao dia hinh, str dung dét véi dir liéu khi tugng dé tinh cac thong s6
16p bién nhu do cao xdo tron, do 6n dinh.

CALPUFF 12 mé hinh khuéch tan Lagrange khong on dinh. Uu diém cua
mo hinh ndy so véi mo hinh Gauss 14 c6 thé mo phong sy van chuyén cac chat
trong diéu kién ling gi6, dia hinh phirc tap va cac khu vuc ven bién véi gio
bién. M6 hinh nay c6 thé sir dung dit liéu khi twong véi bude thoi gian nho hon
01 gi0 va chay voi1 cac budce thoi gian dudi mot gio.

CALMET la mdt hinh chuin doan khi tuong két hop dit li€u tur cac tram
mat dat, tram cao khong, tram trén bién, tram do mua véi dit liéu dia Iy nhu su
dung dat, do cao dia hinh dé dua ra truong gid ba chiéu theo 6 luéi phuc vu mé
phong cua CALPUFF [7].

Theo UCAR, hé théng mo hinh WRF 1a mgt mo hinh 1én dugc cdng tac
ctia nhiéu co quan, to chtrc nham phat trién mot hé théng déng hoa sb lidu va
du béo thoi tiét qui md vtra, hién dai, chinh xac, c¢6 hi¢u suét cao trén may tinh.
Khi tuong quy mé vira (Mesoscale Meteorology) 1a sy nghién ctru vé cac hé
thdng thoi tiét nhé hon cac hé thong quy mé 16n (synoptic scale) nhung 16n hon
cac hé théng quy mo nho (microscale) va quy mé bdo (storm-scale) nhu: cac
truong hop nhu xody thuan nhiét déi (tropical cyclones) bao (hurricanes), 1t
quét (flash flood), 16c xody (tornadoes), giong (thunderstorms), giang thity 16n
tai dia phuong (heavy local precipitation). Con khi tuong qui md nho
(microscale meteorology) 1a nghién ctru cic qua trinh qui mé nhé nhu rdi khi

quyén va van chuyén nhiét, am va dong lugng gitta bé mat va khi quyén.
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Trong dy &n phat trién cia mo hinh WRF c6 ba phuong n trién khai hé
toa do do 1a: hé toa do Euler theo dd cao hinh hoc, hé toa do Euler theo khdi
luong va hé toa d6 lai ban Lagrange. Hai giai phap Eulerian khac nhau cha yéu
1a vé toa do théng dimg, mot dung do cao hinh hoc lam toa do théng dimg con
mot thi dung khéi lwong (4p suét thiy tinh) 1am toa do thang dng, ngoai ra con
co vai su khac nhau la:

- B& mit cta toa do khéi luong thi bién dbi theo ap suét trong khi d6 bé
mat cla toa d6 do cao thi cb dinh.

- biéu kién bién trén: Toa do do cao dung diéu kién bién trén 13 cimg (w
= 0) hodc 1a diéu kién btrc xa (w # 0) con toa d6 khdi luong ding mot hing sb
hay 1a 4p suét riéng.

Hé thdng mé hinh phat thai SMOKE (Sparse Matrix Operator Kernel
Emissions - SMOKE) 1a mot cong cu hitu ich dé ra quyét dinh vé kiém soat khi
thai cho cac ung dung d6 thi va khu vuc. N6 cung cap mdt co ché dé chuan bi
cac dau vao chuyén biét cho nghién ctru mé hinh chat lugng khong khi va gitp
cho viéc du bao chat lugng khong khi tré nén kha thi do EMC (Environment
Modeling Center) cong bd nam 1996, va tiép tuc dugc phat trién tai truong dai
hoc Béc Carolina, phién ban hién nay SMOKE 4.8.

SMOKE c6 thé tinh toan cac khi 6 nhiém chuan nhu: carbon monoxide
(CO), nitrogen oxides (NOx), hop chét hitu co dé bay hoi (VOC), téng khi hiru
co (TOG), ammonia (NH3), sulfur dioxide (SO.), bui c6 kich thudc nho hon
hoic bang 10 pm (PM0) va nho hon hoidc bang 2,5 um (PMz.s). SMOKE ciing
c6 thé tinh toan rat nhiéu doc t6 nhu thity ngan, cadimi, benzen, formaldehyde.

Muc dich ctia SMOKE 1a chuyén ddi do phan b theo quy ludt nao d6
hodc ngiu nhién cia s6 lidu kiém ké phat thai vé do phan dai cia mo hinh chét
lurong khong khi. Kiém ké phat thai thuong cho gid tri trung binh nim hoic
trung binh ngay cho mdi ngudn thai. Mit khac, mé hinh chat lugng khong khi

thuong doi hoi phat thai theo gid trén mdi 6 ludi (va c6 khi theo timg 16p) cho
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mdi chat thai. Do vy, qua trinh xir Iy phét thai bat budc phai chuyén sb lidu
phat thai theo cac cap phat thoi gian, khéng gian, phan nhém hoa hoc va co thé
ca phan chia theo 16p [SMOKE User’s Manual].

GEOS-Chem 13 mé hinh 3-D toan cau cua hoa hoc khi quyén dugc tng
dung vao cac van dé vé thanh phan khi quyén. GEOS-Chem cho phép mé phong
thanh phan khi quyén trén pham vi dia phuong hoic toan cau, c6 thé duoc st
dung nhu mdt mo hinh van chuyén héa hoc va ¢6 thé duogc sir dung nhu mdt
mo-dun hoéa hoc két hop véi cac md hinh thoi tiét va khi hau. GEOS-Chem
dugc phét trién va sir dung béi nhiéu nhom nghién ciru trén toan thé gidi img
dung cho cac van dé vé thanh phan khi quyén.

Phién ban off-line cia GEOS-Chem cho phép moé phong ngay 1ap tiic
thanh phan khi quyén cho bat ky giai doan nao tir nim 1979 dén nay bang cach
stt dung kho luu trir dir lidu toan cau (Goddard Earth Observing System -
GEOS) cia NASA. Phién ban on-line st dung m6-dun doc lap tinh toan hoa
hoc, vi vat 1y, sol khi, birc xa, khi thai va léng dong. Trong phién ban on-line,
véan chuyén hoa hoc dugc thyc hién bdi mot mé hinh thoi tiét hoac khi hau két
hop véi GEOS-Chem (http://acmg.seas.harvard.edu/geos/).

CAMx (Comprehensive Air Quality Model with Extensions) 1a mot mo
hinh chat lugng khong khi ma nguén mo phuc vu danh gia tong hop 6 nhiém
moi trudng khong khi dang khi va dang hat. CAMx duoc thiét ké dé mo phong
chat lwong khong khi trén nhiéu quy mé dia Iy khac nhau, mé phong nhiéu chat
6 nhiém tro ciing nhu hoat dong héa hoc.

UAM (Urban Airshed Model) 1a mdt mé hinh mé phong sd, ba chiéu,
kiéu ludi, quy mo do thi. M6 hinh két hop mot co ché dong hoc quang hoa
ngung tu cho bau khi quyén d6 thi. UAM dugc thiét ké dé tinh toan ndng do
6z6n (03) trong cac diéu kién ngan han, timg dot kéo dai mot hodc hai ngay do
phat thai cac oxit nito (NOX) va cac hop chét hitu co dé bay hoi (VOC). UAM

thich hop tng dung cho cac khu vuc d6 thi don 16 c¢6 cac van dé nghiém trong
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vé tang 6z6n trong diéu kién khong cé van chuyén phat thai giita cac ving ven
do.

MMS5 (Mesoscale Model) 1a m6 hinh khu vuc gidi han, phi thuy tinh, toa
d6 thich tmg dia hinh dung dé mé phong hoic du doan hoan luu khi quyén quy
mo vira. Hién md hinh nay da ngung hd tro ngudi dung.

RAMS (Regional Atmospheric Modeling System) la mgt mo hinh quy
md khu vue v6i nhiéu tham s6 duge thiét ké cho céc ludi ty 1¢ c6 do phan giai
trung binh. RAMS duoc st dung dé moé phong va dy béo cac hién twong khi
tugng. Céc thanh phan chinh cia RAMS 1a: 1) mé hinh khi quyén mé phong
thue t&; 2) phin mém phan tich sd liéu khi twong dé chuan bi dit liéu ban dau
cho mo hinh khi; 3) Cac phﬁn mém hau xur 1y phuc vu phan tich dit liéu mét
cach truc quan [7].

Hé thong mo hinh chat luong khong khi da qui mé6 CMAQ dugc xay
dung va thiét ké dé kiém so4t cac van dé 6 nhiém khong khi da lién két. CMAQ
12 mot hé théng mo hinh hoa van chuyén va hoa hoc khi quyén mé phong ozone,
vat chit hat (Particulate Matter - PM), cac chat 6 nhiém trong khong khi doc
hai va cac loai 6 nhiém axit trén t?mg ddi Iwu. Puge thiét ké nhu mot mo hinh
trén nén khi quyén, CMAQ c6 thé giai quyét cac khop nbdi phire tap gitta mot
s6 van dé vé chat luong khong khi dong thoi trén cac quy mo khong gian tir do
thi dén ban cau.

Vi diéu kién thoi tiét dong gop céc tac dong vat Iy chinh trong khi quyén
(nhu thay d6i nhiét do, gio, hinh thanh dam may va toc d6 mua), khi tugng tao
thanh nén tang cua tat ca cac mo hinh mé phong chit lwong khong khi. M6 hinh
WRF tuong thich véi CMAQ, trong d6 ca hai hé théng c6 thé duoc cau hinh
dé sur dung cac cAu trac ludi, toa do ngang, doc giéng hét nhau va thuong duoc
str dung 1am dau vao cho CMAQ [91].

Gan day WRF-Chem dugc phét trién bai cong dong cac nha khoa hoc
cua NOAA/ESRL (Earth System Research Laboratories). WRF-Chem 1a mo6
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hinh két hop gitta WRF v6i1 hda hoc, mo phdng su phat thai, van chuyén, tron
13n va bién ddi hoa hoc cua cac khi va sol khi dong thoi véi khi tuong. WRE-
Chem dugc sir dung dé diéu tra chat luong khong khi quy mé khu vuc (Nguon:
https://ruc.noaa.gov/wrf/wrf-chem/).

1.1.2. Phan tich, danh gia

Qua phan tich tong quan trén day, c6 thé thay hién nay c6 nhiéu phuong
phéap quan tric, giam sat 6 nhiém khong khi khac nhau dang dugc ung dung.
Tuy nhién, mdi phuong phap c6 mét sé wu diém va nhuoc diém khac nhau. C6
thé danh gia tom tit vai tro cling nhu wu, nhuge diém cua cac phuong phép trén
nhu sau:

a. Poi voi phiong phdp sir dung thiét bi dat tai tram quan trdc mat dat

C6 thé néi, day 1a phuong phap quan tric c6 do chinh xac tot nhat hién
nay va van 1a phuong phép quan tric di dugc chuin hoa béi cac co quan quan
Iy nha nude dé sir dung quan trac chat lugng méi trudong xung quanh. Voi su
phat trién cta cong nghé théng tin, phuong phap nay hién nay dang duoc xay
dung va phat trién thanh hé thong giam sat chat lugng khong khi tu dong lién
tuc, thuong xuyén cung cap sd liéu chat luong khong khi véi nhidu thanh phan
khac nhau véi do phan giai thoi gian hang gid. Cac tram quan tric mat dat c6
thé duge bd tri doc quéc 19, trong khu dan cu, khu cong nghiép, vi tri chua bi
hoic it bi anh hudng boi 6 nhiém (quan tric nén).

Hé théng cac tram quan trac hién nay dua trén cong nghé do hién dai cho
d6 chinh x4c cao. Tuy nhién, day lai 1a hé thong dat tién va thiét bi hau hét nhap
khau ma chua ty san xuét trong nudc, nén voi diéu kién cua Viét Nam hién nay
rat kho khan trong viéc lap dat dai tra, voi mat do cao trén pham vi ca nudc.
Mat khac, véi cac tram quan tric hién nay ma&i chi cung cép s6 liéu vé chat
lugng khong khi dang diém, chua thé dai dién cho mot khu vue rong 1on tai
cung thoi diém. Mit khac, v6i cac hé thong tram quan trac hién nay méi chi

cung cép duoc sb liéu chat luong khong khi & mdt do cao nhét dinh, thong
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thuong dudi 20m; mot sb tram dat trén cac toa nha cao téng 6 thé c6 d6 cao
cao hon, nhung van chua dai dién hét duoc chat luong khong khi trong bau
khong khi.

b. Poi véi phwong phdp sir dung thiét bi dat trén vé tinh (vién tham)

Cong nghé vién tham hién nay dang c6 nhimg budc phat trién nhanh
chong va ngay cang duoc tmg dung c6 hiéu qua trong linh vuc quan tric moi
truong. Thong tin thu thap tir vé tinh quan tric trai dat ngay cang c¢6 do chinh
X4c cao, v4i tan xuat ngay cang cai thién. Uu diém ciia phuong phép sir dung
thiét bi dat trén vé tinh 1a kha nang cung cip thong tin vé chat luong khong khi
trén dién rong, tir quy mé dia phuwong dén quy mé quéc gia, tham chi 1a quy mo
toan cau; dic biét 1a gia thanh d6i v6i phuong phap nay 1a kha thap, c6 kha
nang trién khai trong thuec té.

Tuy nhién, phuong phap vién tham ciing c6 mot sé nhuge diém, do6 1a:

- Khong do dac truc tiép duoc thanh phan gay 6 nhiém khong khi, ma
phai thong qua phan tich gian tiép bang cac phép do vat Iy quang phd;

- Tan sudt cung cap sb liéu ciing bj han ché;

- S liéu vién tham ciing khong c6 kha ning cung cip sd liéu vé chat
luong khong khi trén cac do cao cu thé cua 16p khi quyén ma phai théng qua
tinh toan dé xac dinh.

Mic du vdy, chung ta c6 thé st dung céc san phim c6 cung tinh chét cua
nhiéu cam bién trén cac vé tinh khac nhau dé gia ting tan suat cung cap sd liéu.
Céc cam bién c6 str dung nhiéu budc séng hon sé& c6 kha ning cung cap nhiéu
50 liéu hon.

Viéc phai phan tich, tinh todn cac thanh phan giy 6 nhiém khong khi
thong qua cac phép do vat Iy quang phd 1am chi phi thém thoi gian, khong giy
anh hudéng nhiéu dén kha ning tng dung cua chiing. D4i vé6i tinh chat tong cot
ctia san pham vién tham, thong qua cc bai toan dé tinh toan cu thé cho timng

16p @6 cao trong khi quyén, diéu nay phu hop véi cac 16p d6 cao khi quyén



23

dugc quy dinh béi ngudi mé phong trong module déng hoa cta hé thong mo
hinh WREF.

c. Déi véi phirong phdp mé hinh héa

Déi voi phuong phap mé hinh hoa ¢6 vu diém rat 1on trong viéc mo hinh
hoa su lan truyén va phat tan cic thanh phan chit lugng khong khi va c6 kha
nang du bao duoc tinh trang 6 nhiém khong khi véi tan suat hang gio v4i nhiéu
16p do cao cot khong khi khac nhau.

Tuy nhién, nhu trén d trinh bay, ban chat ctia phuong phap mé hinh hoa
1a str dung cac ham toan hoc dé mo phong su twong tac, lan truyén cac chat
trong khong khi, dé c6 thé mo phong, cac mé hinh phai st dung ngudn sé liéu
dau vao, vé co ban g@)m: cac s6 liéu khi tuong; s6 liéu quan trac vé chat lugng
khong khi.

Nhu vay, vé ban chat, phuong phap mé hinh vin phai dira trén nén tang
s6 lidu dau vao ciia cac tram quan trac mat dat va/hodc ctia phuong phap vién
tham.

d. Danh gid chung

Qua phén tich trén day co thé thay, dé giam sat thuong xuyén tinh trang
6 nhiém khong khi trén dién rong voi tan suit thoi gian tét (hang gio) va do
chinh x4c cao gan nhu khéng c6 phuong phap doc lap nao ¢ thé dap ing duoc
trong diéu kién hién nay ¢ Viét Nam. Do d6 phuong phap kha thi nhat 1a két
hop ca 02 phuong phap trén, trong d6 sb liéu ciua phuong phép xac dinh bang
thiét bi quan tric dong vai tro 12 ngudn so lidu dau vao cho mé hinh mé phong
chat lvgng khong khi; dong thoi sé liéu quan tric mit dat ciing 1a ngudn sd licu
dé kiém dinh va hiéu chinh mé hinh.

Tuy nhién, c6 mot s6 van dé dit ra trong vi¢c két hop s6 liéu tir cac tram
quan trac mat dat va sd liéu tir vé tinh 1a sy khéc biét gitta hai ngué)n s6 liéu

nay, do la:
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- Khac nhau vé khong gian: S6 liéu chét luong khong khi tir vién tham
va tu tram quan trac mat dat co su khac biét tuong dbi ro rét. Su khac biét nay
thé hién ¢ 02 goc do:

+ Sy khéc biét vé khong gian phang: diéu nay thé hién & viéc sb liéu chat
lwong khong khi tir cac tram quan tric mat dat thé hién theo diém; trong khi s6
liu vién tham thé hién duoc ¢ dang ving va diém. Ngoai ra, s6 liéu tir cac vé
tinh khac nhau ciling c6 do phan giai khong gian khac nhau;

+ Su khac nhau vé dd cao quan tric: ddi voi s6 lidu chat lugng khong khi
tur cac tram quan trac mat dat, do cao quan trac thong thuong khoang 20m, mat
sb tram dt trén cac toa nha cao tﬁng 6 thé c6 d6 cao cao hon; trong khi s6 liéu
chat lugng khong khi chiét xuat tir vé tinh dao dong tir mat dat dén do cao 16p
trén cua khi quyén tuy ting loai vé tinh.

- Khac nhau vé tan suét (thoi gian cung cap s6 liéu): Doi véi sb lidu chat
luong khong khi tir cac tram quan tric mat dat hién nay c6 kha ning cung cap
hang gio, lién tuc 24/24h; trong khi s liéu vién tham thudng cb tan suét cung
cap s6 liéu thap hon va khong thé cung cp 24/24h.

- Khéc nhau vé dd chinh xéac: Do chinh xac cta sb liéu chét luong khong
khi tir hé thdng tram quan tric mat dat hién nay dang cho két qua chinh xéc cao
nhat. Déi v6i phuong phap vién tham, do chinh xac thip hon do d6 phan giai
khéng gian cua s liéu vién tham chuyén vé chét luong khong khi thuong &
mtuc trung binh.

Nhu vay c6 thé thay, dé st dung duoc phuong phap moé hinh hoa mot
cach hiéu qua, thi bai toan dit ra 1a phai c6 phuong phéap giai quyét duoc nhitng
khac biét co ban trén cua cac nguén sb liéu dau vao dé co duge mot bo sb licu
dau vao dong nhat ca vé mat khong gian (2 chiéu: chiéu ngang va chiéu dtng)
va vé mit thoi gian. Mot trong cac giai phap d6 1a dong hoéa sd liéu, nham tich
hop, téng hop ca s6 liéu vé tinh, s liéu quan tric mat dat dé xay dung dugc bd

s6 liéu chat lugng khong khi, sé liéu khi twong dap Gmg yéu cau cta mo hinh
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mo phong chat lugng khong khi dam bao ca vé khong gian va tan suat t6i uu
nhat.

1.2. Khai niém, tdng quan cac phwong phap dong hoa

1.2.1. Khdi niém

Nam 2003 trudong dai hoc Cambridge d xuat ban cudn sach ciia Eugenia
Kalnay “Atmospheric Modeling, Data Assimilation and Predictability”, cudn
sach di dua ra khai niém vé dé)ng héa sb liéu nhu sau: Déng hoéa sb lidu 1a két
hop moét cach tdt nhét cac nguén thong tin, s6 liéu khac nhau, s6 liéu quan trac,
sb liéu nén, mot thong tin tién nghiém hoac s6 liéu théng ké dé udc lugng, tinh
toan trang thai cia mot hé¢ théng, mot phuong trinh mo hinh [48].

Pong hoa sb liéu vé ban chat 13 mot qua trinh trong d6 sb liéu quan tric
va mot trudong phong doan nén duogc két hop véi nhau mot cach théng ké dé
thu duge diéu kién ban dau tdi wu cho md hinh (thuat nglr “mo6 hinh” 1a mot
phuong trinh ding dé giai mot bai toan phwong trinh dao ham riéng mot cach
xap xi voi diéu kién bién va diéu kién ban dau cho trudc) (Geir Evensen, 2009)
[34].

DPdng hoa sb liéu vé tinh trong mo hinh chat lugng khong khi da qui mé
CMAQ 1a két hop s6 liéu v¢ tinh vao m6 hinh CMAQ dugc sir dung trong tinh
toan, du bao chat lugng khong khi, nham muc dich nang cao chét lugng du bao
phuc vu giam sat 6 nhiém khong khi.

Dic trung thong ké ciia bai toan dong hoa s6 lidu chinh 14 cbt 16i ctia cac
thuat toan dong hoa hién tai. Néu mé hinh va céc sd liéu quan trac 1a hoan hao,
bai toan dong hoéa sd liéu khi d6 s& don thuan chi 1a mot bai toan ndi suy (hay
ngoai suy) toi uu nhiéu chidu. Néu quan trac 13 tuyét d6i nhung mé hinh an
chira cac sai s noi tai, bai toan dé)ng hoa s€ khong con 1a mot bai toan ndi suy
t8i wu don thuan vi khi d6 diéu kién ban dau chinh xé4c s& khong con ludn duoc
trong doi do cac so lidu quan tric c6 thé tiém an cac thanh phan khong can bang

ma mo hinh khong cho phép tich phan. Néu ca mé hinh va quan tric 1a khong
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hoan hao thi 1 rang su bat dinh nay phai duoc tinh dén trong mé hinh mot cach
thich hop.

Trong khi tuong, bai toan dong héa sd lidu 1a qua trinh ma qua d6 tat ca
cac thong tin c6 san duoc sir dung dé ude tinh mot cach chinh xac nhét co thé
trang thai khi quyén tai mot thoi diém ban dau cho trude. Van dé xac dinh diéu
kién ban dau cho mé hinh du bao sb nay 13 mot bai toan quan trong trong bét
ki hé théng du bao béng mé hinh s nao, do dic tinh phu thuoc manh vao diéu
kién ban dau cua cia cac mo hinh dy bao thoi tiét sé (Eugenia Kalnay va cong
su, 2003) [48].

Céc thong tin c¢6 sdn vé co ban bao gdm cdc quan tric thich hop va phu
hop véi tinh chét vat 1y chi phdi su phat trién cta khi quyén, ching c6 gia tri
thue t& dudi hinh thirc cia mot mé hinh sd. Do ban chit phi tuyén cua cac
phuong trinh mé ta khi quyén nén nhirng sai s6 nho khéng thé do dugc trong
trang thai ban dau s& phat trién rat nhanh sau mot khoang thoi gian va két qua
du bao s& khong con tin cay cho du mé hinh dy bao 13 hoan hao. Bang cach
dé)ng hoéa sd liéu, nhiing sai s6 du bao do diéu kién ban dau co thé duoc giam
nhe dan dén két qua du bao tdt hon. Uéc luong diéu kién ban dau cang chinh
xac, thi chat lugng du béo s& cang tot (Jean Pailleux, 1989) [67].

Pong hoa sb lidu duogce str dung trong md hinh hoa hoc khi quyén dé cai
thién du bao chat luong khong khi, xay dung lai cac phan tich héa hoc ba chiéu
(bao gém aerosol) n6ng do va thuc hién mo hinh nghich dao cua cac bién dau
vao hodc céc thong s mo hinh. Pong héa sd liéu lién quan dén sy két hop cua
md hinh véi s6 lidu quan tric dé dua ra mot dai dién c6 thé xay ra nhét cta céc
trang thai ciia cac bién dugc xem xét. Poi véi cac ung dung trong khi quyén,
muc tiéu ctia ddng hoa sb lidu 1a dé c6 dugc mot tép dit lidu tot hon cuia bau khi
quyén vé bién hoa khi trong va khi quyén, hat vat chat dugc bao gdbm ¢ day

nhu 1a mot phan ctia hoa hoc khi quyén.
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1.2.2. Téng quan cdc phwong phdp dong héa

Pdng hoéa s liéu trong nganh khoa hoc nghién ctru vé trai dit da budc
dau dugc ap dung cho khi tugng ma cac phuong phap da dugc thuc hién rat
sém (Lorenc, 1986) [57], (Daley, 1991; Kalnay, 2003) [48], (Evensen, 2009)
[34]. Nghién ctru ndy mé ta ngin gon cac ky thuat phd bién nhét duoc st dung
va nhan xét vé su khac biét cua chung.

Theo nhu phan tich, cac phuong phap dong hoa sé liéu phd bién nhat hau
nhu khong c6 su khac biét. Chiung chu yéu duoc dya trén cac gia thiét théng ké
Gaussian trén tat ca cac sai s6 va phan tich dua trén wéc lugng tuyén tinh tot
nhat (Best Linear Unbiased Estimate - BLUE). Tai mot thoi diém nhét dinh,
BLUE di tim ra cach két hop t6i uu gitra cac s lidu quan tric va mot udc tinh
nén cua hé théng trang thai, thuong do mét du bao trudc d6. Nhu vay, BLUE
phan tich c6 thé duoc thuc hién bang cach giai quyét cho cac ma tran (dé can
bang céc s6 liéu quan trac va sb lidu nén) sir dung dai sd tuyén tinh, mot phuwong
phap goi 13 noi suy thdng ké tdi wu (Optimal Interpolation - OI) (Fedorov, 1989)
[67], hodc co thé thu duoc thong qua mot phan tich khong gian bién phan ba
chiéu (3-D), thudng duogc goi 1a 3DVAR.

Khi thoi gian 13 yéu té chi yéu, cac phwong phéap nay can phai duoc tong
quat. Trong d6, cac sai s6 (hay théng ké) kém theo sy danh gia tot nhat phai
dugc lam lan truyén trong thoi gian, din dén nhimg kho khin dang ké trong ca
hai phuong phap ndi suy va bién phan thong ké. Cach tiép can OI c¢6 thé dugc
khai quat dén 1a phuong phéap loc Kalman (Ghil va Malanotte-Rizzoli, 1991)
[38], khi d6 phuong phap 3DVAR duoc tong quat trd thanh 4DVAR (Le Dimet
va Talagrand, 1986) [30], (Rabier, 2000) [37]. B0 loc Kalman va
3DVAR/4DVAR c6 thé dugc két hop dé giai quyét nhimg thiéu st cta ca hai
phuong phap: phan ky cta cac bo loc va hiép bién tinh trong phuong phap bién
phan (Lorenc, 2003) [58], (Mariusz Pagowski va cong su, 2010) [66].
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Hién nay hudng phét trién chinh cia mé hinh du bao chét luong khong
khi 14 cai tién cAu hinh ctia m6 hinh va tang cuong cac biéu dién vat 1i, hoa hoc
ctia mo hinh cho sat véi thuc té hon. Bén canh sy tién bo trong viéc cai tién
phuong phép va cac tham sb hoa vat i, su tién bo cta cong nghé may tinh da
gitip ting dang ké d6 phan giai cua cac mo hinh & ca quy mo toan ciu va quy
mo khu vue. Tuy nhién, cic nghién ctru vé tinh du bao ctia mé hinh d6 chi ra
rang, nhitng cai tién nay cudi ciing s& t&i mot gidi han khong thé vuot qua do
su phu thudc rat 16n cua két qua du bao vao diéu kién ban dau. Noi cach khac,
su bat dinh xuét hién & trong cac ban tin du bo la két qua cua nhirng mo6 hinh
c6 do phan giai tho, mac du dugc tinh toan chinh xac hon nhung lai khong mo
ta dung thuc té. Vi vy can nhitng phuong phéap t6t hon dé giai quyét van dé
khéng chi don thuan 1 cai tién strc manh ctia cac mé hinh sb [91].

Nhitng nim gan diy, ddng hoa s liéu bang phuong phap t6 hop dang
dugc cac Trung tam khi tuong 16n trén thé gidi phat trién va Gimg dung, dic biét
1a phuong phap loc Kalman t6 hop. Vi phuong phéap nay, t6 hop két qua cua
nhiéu thanh phan tham gia du béo s& cai thién duoc chat luong du bao dua trén
sb liéu dau vao duoc cap nhat lién tuc theo thoi gian. Thuc nghiém cho théy
rang phuong phap nay dat két qua cao hon rat nhiéu so véi phuong phap du
bao thong thuong.

Su thay thé ctia du bao don 1é béng du béo to hop duya trén su thira nhan
rang khi quyén c6 ban chat hdn loan. Lorenz (1963) [59] chi ra rang, chi mot
nhiéu dong rat nho (vi du nhiéu dong dugc sinh ra boi sy vo canh ciia con buém
- hiéu tmg canh buém) khi dugc dua vao khi quyén tai mot thoi diém s& dan
dén su thay doi rat 16n cta khi quyén theo thoi gian. Nghién ciru cta Lorenz
dan dén mot hé thong 1i thuyét dong luc mdi, theo d6, md phong cac hé thong
nhat dinh nhu khi quyén (bao gdm cac mé hinh s6) mang tinh bt dinh: nhiing
nhiéu dong ngiu nhién trong trudng ban dau du rat nho s& dan dén su sai khac

rt 16m theo thoi gian. Mat khac, khong thé do dac chinh xac trang thai thuc ctua
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khi quyén. Cac gia tri cia trudng phan tich (duogc tong hop tir s6 lidu quan tric
va mo hinh) ludn chira nhitng sai s6 ma & d6, do 16n cia sai sb ¢6 thé duoc ude
luong mot cach gan ding. Nhiing sai s6 nay bao gom sai s6 cua thiét bi do, su
khéng dy du cua cac tram quan tric va phép lay gan ding trong ki thuat tinh
toan ctia md hinh. Ngay ca véi mot mo hinh khi quyén hoan hao, d6 chinh xac
ctia két qua du béo s& giam nhanh chong.

Nghién ctru vé dong hoéa sé liéu duoc bat dau tir nhitng nam 50 cta thé
ky trudc, phuong phap dong hoa s6 lidu dau tién duoc goi 1a “phan tich khach
quan” st dung phép noi suy don gian. Trong khi twong, bai toan dong hoa sb
liéu 14 qua trinh ma qua d6 tit ca cac thong tin c6 sin dugc sir dung dé udc tinh
mot cach chinh x4c nhat c6 thé trang thai khi quyén tai mot thoi diém ban dau
cho trude. Van dé xac dinh diéu kién ban dau cho mé hinh du béo sb nay 1a
mot bai toan quan trong trong bat ki hé théng du bao bang mé hinh s nao, do
dac tinh phu thudéc manh vao diéu kién ban dau cua cta cidc md hinh du béo sb
[30].

Phuong phap dong hoa sd liéu da trg thanh mot phuong phap quan trong
trong nganh du bao, ddng hoa s liéu co thé chia thanh nhiéu nhom khéac nhau:
tun tu, khong tuan tu, lién tuc, bién phan. Theo quan diém hién dai, cac phuong
phap dong hoa sb liéu co thé duge tam chia thanh hai loai:

- Mot 1a phuong phap dong hoa bién phan (DHBP) (Jean Pailleux, 1989)
[67], trong d6 trang thai phan tich duoc tim bang cach xéac dinh trang thai cta
khi quyén c6 kha niang xdy ra cao nhat ing véi mot tip quan tric va mot trang
thai nén cho trudc. Bai toan DPHBP c¢6 thé chia thanh bai toan 3 chiéu (3DVAR)
hay 4 chiéu (4DVAR). Céch tiép can chung cua bai toan nay 13 tim mot trudng
phan tich nao d6 c6 kha ning xay ra cao nhat bang cach t6i thiéu hda mot ham
chi phi (cost function).

Phuong phap dong héa bién phan nay c¢6 uu diém 1a ham gia tri duoc cuc

tiéu hoa trén toan mién va do d6 két qua trudng phén tich s& loai bo duoc nhing
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tinh hudng di thuong - ma trong d6 trang thai phéan tich chi nhan gia tri xung
quanh diém quan tric. Mic du vy, ddng héa bién phan c6 mot sb nhuoc diém
16n khong thé bo qua. Nhuoc diém tht nhat d6 1a khong cho phép tinh dén su
bién ddi ctia ma tran sai s6 hiép bién trang thai nén theo thoi gian. Day la mot
diém yéu 16n vi trong thuc té sai sb nén bién thién manh theo thoi gian. Nhugc
diém tht hai 1a viéc hoi tu cia phép lap khi tim trang thai phan tich phu thude
nhiéu vao su ton tai ctia cac cuc tri cuc bd. Thém vao do, viéc nghich ddo ma
tran sai s6 nén trong thuc té 1a khong thé.

Do d6, rat nhiéu cac gia thiét don gian héa cho ma tran nay phai duoc
dua vao dé loai bo cac trong quan chéo khong can thiét gitta cac bién (Hendrik
Elbern va Hauke Schmidt, 2001) [33].

- Phuong phap ddng héa thir hai 13 phuong phap dong hoa diy (PHD).
Khac v6i ddng hoa bién phan, phuong phap ddng hoa diy xac dinh trang théi
phan tich theo cach 1am tdi thiéu hoa sai s6 cua trang thai phan tich so voi quan
tric va trang thai nén. Tiéu biéu cho phwong phap nay 1a cac bai toan ndi suy
t6i wu va phuong phép loc Kalman cung véi cac bién thé.

Diém khac biét co ban nhit giita ddng hoa bién phan va dong hoa diy 1a
ma tran sai s6 hiép bién cua trang thai nén trong dong hoa day duoc tich phan
theo thoi gian thay vi giit khong ddi nhu trong cach tiép can dong hoa bién
phan. C6 hai qua trinh doi hoi khdi luong tinh toan rat 16n trong cac phuong
phap dong hoa diy 1a cac tinh toan nghich dao ma tran va tinh toan mé hinh
tiép tuyén. Céc tinh toan nay 1a qua 16n ngay ca v6i mot mo hinh don gian, va
hau nhu khong thé tinh toan dugc trong cac bai toan thuc té.

Pé khic phuc nhuoc diém nay cia loc Kalman, mot bién thé khac cta
loc Kalman dua trén du bao Monte - Carlo co6 tinh toan kha thi hon da duoc
phat trién 13 bo loc Kalman t6 hop (EnKF). Tuy nhién, cach tiép can nay ciing
c6 mot vai nhuoc diém lién quan dén tinh cuc b hoa cua sb liéu quan trac xung

quanh céac diém nut quan trac va su phu thudc cia ma tran sai s6 vao so luong
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thanh phan t6 hop, uu diém noi tri cia loc Kalman t6 hop d6 14 khong doi hoi
phat trién cac mé hinh tiép tuyén nhu trong phuong phap DHBP.

Thém vao d6, loc Kalman t6 hop cho phép tao ra cac truong nhidu ban
dau bién dbi theo thoi gian. Vi vdy phuong phap EnKF dang dugc coi 1a mot
cach tiép can tiém ning nhit cho dy bao t hop trong twong lai (Ashish Routray
va cong su, 2008) [74]; (Kiéu Qudc Chanh, 2011) [3].

1.2.2.1. Nghién ciru phwong phdp dong héa sé liéu trén Thé gici

Trén thé gidi da co nhiéu tic gia nghién ctru vé bai toan dong hoa s6 lidu
cho mé hinh s6 va dat duoc nhiing két qua kha quan trong dy bao thoi tiét, ciing
nhu trong du bao céac hi¢n tugng cuc doan nhu mua 16n, bao.

a) Nghién ciru theo phirong phdp dong héa bién phén

Tac gia Xavier (2006) [85] da sir dung phuong phap dong hoa bién phan
ba chiéu dé dé)ng hoa profile nhiét do va do am tir vé tinh MODIS cung voi $6
liéu tham khong vo tuyén dé cai thién truong ban dau cia mo hinh MMS.
Nghién ctru da chi ra ré‘mg viéc st dung s6 liéu vé tinh MODIS d3 cai thién
dang ké dién bién mua 16n két hop véi ap thap nhiét doi.

Sau d6 tac gia Routray (2008) [74] da dong hoa céc s liéu quan tric bé
mat, tau thuy, phao, bong cao khong va v¢ tinh dia tinh Kapanal-1 dé du bao
mua 16n & An Do bang viéc sir dung hé théng dong hoa sé liéu 3SDVAR két hop
md hinh WRF. Két qua tinh toan cho théy, viéc dé)ng héa s liéu di cai thién
dang ké chat lugng méd phong mua 16n trong miia mua & An Do.

Rakesh (2009) [71] d4 sir dung so d6 3DVAR dé dong hoa sé licu tée do
gi6 va hudng gi6 gan bé mit bién tir vé tinh Quick Scatterometer (QSCAT),
tbc do gid va tong luong nude co thé két tua (total precipitable water - TPW)
tir vé tinh SSM/I cho ca hai m6 hinh MM5 va WRF dé dy béo thoi tiét han ngén
& An Do. Két qua nghién ctru cho thdy du bao trudng gio tir hai mo hinh nay
duogc cai thién dang ké trong truong hop dong hoa sé liéu gid tir QSCAT va

SSM/I, trong khi truong nhiét do va do am cho hiéu qua kém hon. Truong du
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bao mua t6t nhat trong truong hop dong hoa sd liéu TPW. Ngoai ra, nghién ctru
cling chi ra réng sai s& du béo céc truong gid, nhiét do va do am & cdc muc
khac nhau bang mé hinh WRF nho hon khi dy bdo bang mé hinh MMS.

b) Nghién ciru theo phirong phép dong héa day

Phuong phap ndy duoc phat trién manh m& hon mét thap ki qua tai
Truong Pai hoc Marry Land, cac nghién ctru nay chu yéu di theo hudng dong
héa loc Kalman td hop va mdt bién thé, goi la loc Kalman td hop cuc bo.

Niam 2003, Kalnay da phat hanh cudn sach “Atmospheric modelling, data
assimilation and predictability”, ndi dung ctia cudn sach trinh bay toan bo ly
thuyét vé phuong phap va su phan loai phuong phap dong hoa sb liéu [48].
Trong cudn sach tac gia ciing trinh bay rat 16 co sd 1y thuyét cta loc Kalman
va khang dinh mét to hop 25-50 cac thanh phan 1a da dé phat huy tac dung cua
loc Kalman.

Nhitng niam sau d6 Kalnay va cac cong sy ctia minh tiép tuc di sdu vao
viéc nghién ctru phuong phap loc Kalman té hop va tmg dung nhitng wu diém
ctia phuong phap nay vao du bao nghiép vu. Gan day Szunyogh va cac cong su
(2008) [81] da thiét ké phuong phap loc Kalman t6 hop cuc bo cho mé hinh
toan cau (National Centers for Environmental Prediction - NCEP). Trong
nghién cru ndy cac tac gia thuc hién viéc tinh toan bang hé théng song song
tich hop giita loc LETKF v6i hé théng du bao toan cau 2004.

Tat ca cac quan trac khi quyén duoc déng hoa boi NCEP 2004, ngoai trir
burc xa vé tinh duoc déng hoéa bdi LETKF. Tinh chinh xac cua cac phan tich
trong LETKF duoc danh gia véi ndi suy thong ké quang phd (Spectral
Statistical Interpolation - SSI - 1 so d6 dong hoa so lidu toan cau ciia NCEP
nam 2004). Cac bd quan tric dugc lya chon trong phan tich LETKF chinh xac
hon trong SSI ving ngoai nhiét d6i Nam ban ciu va tuwong d6i chinh xéc trong

ngoai nhiét do1 va nhiét déi & Bac ban cau.
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1.2.2.2. Nghién civu phwong phdp dong héa sé liéu & Viét Nam

Trong nhitng nim gan day bai toan ddng hoa sd liéu & nude ta dang duoc
nghién ctru nham cai thién truong ban dau tt hon. Mot so tac gia nghién ctu
theo huéng ddng hoa bién phan.

Kiéu Thi Xin va Lé Pac (2003) [18] di nghién ctru 4p dung mo hinh
dong hoa sé lieu 3DVAR cho mé hinh HRM (High Resolution Regional
Model). Bang cach st dung céc sb liéu tai cac tram cao khong va SYNOP
(surface synoptic observations), két qua cho thay luong mua dy bao gin véi
thuc té hon so véi trudng hop khong str dung dong hoa sé lidu. Tac gia cling da
str dung phuong phap bién phan hai chiéu dé phan tich d6 Am dat tir nhiét do
quan trac 2 mét cho md hinh HRM. Két qua cho thay tac dong nho cta do am
dat dén du bao cac truong khi tuong trén cao tai khu vuc Viét Nam.

Trong nghién ctru 4p dung hé thng mo hinh 3D MM5-CMAQ danh gia
anh hudng cta 6 nhiém khong khi dén strc khoe khu vuc thanh phé Ho Chi
Minh (2009), Lé Hoang Nghiém da st dung s6 liéu khi tuong toan cau GFS va
s6 liéu dia hinh, s liéu sir dung dat cho hé théng mé hinh MM5-CMAQ dé
biéu dién phan bd ndng do cho timg chat 6 nhiém tai thoi diém 6 nhiém vuot
chuén cho khu vuc TP. HCM. Két qua ctia nghién ctru cho thay két qua ciia mé
hinh c¢6 su chénh léch khi so sanh véi két qua quan tric, tuy nhién sy chénh
1éch nay 1a khong nhiéu va ndm trong pham vi chap nhan duoc. Két qua mo
hinh va két qua quan tric c6 su twong quan kha tét (R = 0.7045).

Tac gia Tran Tan Tién va Nguyén Thi Thanh (2011) [11] da nghién ctru
ddng hoa s6 liéu vé tinh MODIS trong mo hinh WRF dé dy bao mua 16n & khu
vuc Trung Bo trong hai mua mua 2007 - 2008 va thu dugc két qua kha kha
quan.

Ngoai ra, mot s tic gia ciing nghién ciru theo hudng nay: GS Phan Vin
Tan va Nguyén Lé Diing (2009) [10] d4 thir nghiém va tmg dung hé thong
WRF-VAR két hop véi so d6 ban dau hoa xoay vao du bao qui dao bio trén
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Bién Pong. Theo nghién ctru nay, mé hinh WRF két hop v6i hé théng dong
héa s6 liéu ba chiéu (goi 1a hé¢ thé)ng WRF-VAR), da duoc ung dung du bao
thir nghiém cho mét sb truong hop bao hoat dong trén bién Pong c¢6 qui dao
tuong dbi phirc tap va co cuong do khac nhau. Tac gia str dung tap s6 liéu toan
cau va sd liéu dia hinh cho viée chay mo hinh WREF, vi¢c dé)ng héa s6 lidu duoc
thuc hién voi ngudn sd lidu quan tric gia duoc tao ra nhd mot module ban dau
hoa xody. Két qua thu dugc d3 md ra mot kha ning phat trién hé théng WRE-
VAR thanh mot phién ban du béo bao khi thém mot module tao xody nhan tao.

O Viét Nam, nghién ctru theo phuong phap dong hoa day van con 1a van
dé méi mé, tac gia Kiéu Quéc Chanh (2011) [3] da tdng quan vé hé thdng dong
hoéa loc Kalman t6 hop va tmg dung cho mé hinh dy bao thoi tiét WRF (WRE-
LETKF). Trong d6, tac gia c6 dé cp t6i co s 1y thuyét bo loc Kalman, loc
Kalman t6 hop va thiét ké phuong phap dong hoa nay véi mé hinh dy bao thoi
tiét WRF. Két qua ban dau thu duoc cho théy bo loc Kalman tb hop c6 kha
nang nim bat t6t sd liéu quan tric vé tinh.

Nam 2012, Kiéu Qudc Chanh va cong su [25] di nghién ctru viéc Gng
dung sb liéu vé tinh dua vao dong hoa bang hé théng WRF-LETKF nay, két
qua cho thiy chat luong du bao bio Megi (2010) han 3 ngay dugc cai thién
dang ké. Ngoai ra, tic gia con dua ra nhan dinh vé vai trd cua céc quan tric
ngoai ria xa tim bdo co thé dong gbp dang ké trong viéc ning cao ki ning dy
bao quy dao va cuong do bao.

Kiéu Qubc Chanh va cong su (2013) [26] tiép tuc ung dung hé thong
WRF-LETKF dé thi nghiém cho con bdo Cén Son (2010), trong nghién ctru
nay tac gia da dé xuat phuong phéap da vat Iy dé hiéu chinh sai s6 ctia mo hinh,
trong d6 cac thanh phan t6 hop 1a cac thanh phan da vat Iy voi cac lya chon so
dd vat 1y khac nhau, két qua cho théy do tan to hop, sai s6 dugce cai thién dang
ké. Nhimng wu diém ma phuong phap loc Kalman t6 hgp dem lai 1a ngudn dong

luc cho céc nha nghién ctru phat trién va ing dung vao nghiép vu du bao.
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Nguyén Ky Phung va cic cong su (2017) [6] ciing d3 nghién ctu xay
dung quy trinh dy bao céc trudong khi twong tir mé hinh WRF dé cung cap sb
liéu cho mé hinh CMAQ dy bao chat lugng khong khi & TP. HO6 Chi Minh.
Trong nghién ctru ndy, tac gia da sir dung sd liéu dau vao GES 0.5° duoc 13y tir
md hinh toan ciu cho mé hinh WRF va s6 liéu thue do duge léy tal cac tram
Tan Son Hoa, S& Sao, Bién Hoa dung dé dénh gia va kiém dinh. Két qua nghién
cuu cho théy sau khi hiéu chinh két qua du bao da gﬁn voi thue do, véi tde do
gi6 sai s tuyét dbi trung binh MAE = 0,25 m/s, voi nhiét do sai sb tuyét doi
trung binh MAE = 0,4°C.

C6 mot sb dé tai da nghién ctru theo hudng nay: “Nghién ctru xdy dung
hé théng dong hoa t6 hop cho md hinh thoi tiét va hé théng to hgp cho mot so
md hinh khi hau khu vie nhim dy bao va dy tinh cac hién tugng thoi tiét, khi
hau cuc doan” (Bé tai PT.NCCB-PHUD.2011-G/10) do TS Ngbé Dtrc Thanh
chu tri; Pé tai cip nha nuéc do GS Tran Tan Tién chi nhiém “Xdy dung qui
trinh cong nghé du bao qui dao va cudng do bdo trén khu vuc Tay bic Thai
Binh Duong va bién Pong han 5 ngay” (KC.08.01/11-15).

Céac dé tai nay c6 mot dic diém chung d6 1a Gmg dung vu diém cua loc
Kalman t6 hop két hop voi mé hinh du bao thoi tiét WRF nham cai thién chét
luong du bao cudng do va qui dao bio trén khu vuc Tay bac Thai Binh Duong
va bién Dong. Dbi véi du bao qui dao sau 3 ngay sai s6 du bao xubng con dudi
350 km. Mé ra mot hudng nghién ctru mai trong viée du bao qui dao va cuong
d6 bio twong lai gan.

1.3. Tong quan dong héa sb liéu khi twong va hoa hoc khi quyén

Trong qué trinh d6ng héa s6 liéu, nguoi ta chuan bj s6 liéu trang thai nén
12 uGe tinh tot nhét co thé cua trang thai ban dau cho mot hé théng duoc xem
xét bang cach hop nhét cac phép do khac nhau duoc phan bd khong déu trong

khong gian va thoi gian. Boi vi ¢6 thé cai thién chat luong dy bao ciia mo hinh,
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d6ng hoa s6 liéu hién nay dong mot vai tro rat quan trong trong cac nghién ctru
lién quan dén khi quyén, khi twong, chat luong khong khi.

Su phong phu ngdy cang ting cua s liéu vé tinh thong qua viéc truy xut
cac ddu hiéu thanh phan khéng khi trong khi quyén lam cho viéc dong hoa sb
liéu vé tinh trong mo phong chat lugng khong khi tré thanh mot phuong phap
ngay cang kha thi dé thu dugc cac két qua phan tich va cac diéu kién ban dau
chinh x4c hon cho du bao chit luong khong khi.

Céc ndi dung dong hoa sb liéu lién quan dén Luan an co thé chia thanh
mdt s6 nhom nhu sau.

1.3.1. Pong héa sé liéu khi twong hoc

Pong hoa so liéu dong vai trd ngay cang quan trong hon trong du bao
thoi tiét va duoc coi 1a mot giai phap hién dai ctia khoa hoc khi quyén va dai
duong.

Kursinski va cong su (1997) [54], Rocken va cong su (1997) [75] da dong
hoa s6 liéu cua hé thdng dinh vi toan cau (Global Positioning System - GPS)
va sb liéu khi twong hoc nham ting kha ning cai thién k§ nang du bao thoi tiét.
Céc nghién ctru chi ra rang, v6i su ra doi cia GPS bang cach sir dung cac may
phat hiéu suét cao trong cac quy dao cao va cac vé tinh quay quanh trai dat thap
dugc trang bi may thu GPS c6 thé phat song vo tuyén tir bau khi quyén. Mot
minh chiing nguyén mau vé kha ning nay da dugc cung cip trong chuong trinh
Hé thong dinh vi toan cau/Khi tuong (Global Positioning System/Meteorology
GPS/MET) cua NASA.

Trén thuc té, ciu hinh d6 phan giai cao cua khuc xa khi quyén, nhiét o
va do cao dia 1y & cac mirc ap suat khong doi c6 thé dugc 1ay tir cac phép do
GPS két hop truc tiép vao cac hé théng du bao va/hodc du bao thoi tiét sb dé
cai thién két qua du bao (Zou va cong su, 1999) [86]. Phuong phap nay bao
gém mat toan tir quan tric theo ddi tia chuyén doi cac bién trang thai khi quyén

thanh cac phép do khiic xa GPS va cac dudng cong tiép tuyén. Ba toan tir ndy
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dugc yéu cau cho viée sir dung truc tiép cac phép do goc khiic xa GPS trong
mot hé théng phan tich s6 liéu da dang.

Gan day, s liéu GPS/MET dugc sir dung trong hé thong Noi suy thong
ké truc quan (SSI) tai NCEP & Hoa Ky bang cach sir dung toan ttr do tia GPS
va toan ttr cai chinh GPS (Zou va cong su, 2000) [87]. Hé théng dong hoa sb
liéu GPS nay duoc kiém tra bang cach két hop 30 tram quan tric GPS/MET vé
goc khuc xa thu duge trong thi nghiém GPS/MET. Két qua tir tit ca céc thi
nghiém cho thdy rang sy dong hoa lién tuc cta nhiéu (hang trim dén hang
nghin) quan tric goc khiic xa GPS/MET trén toan cau sé c6 tac dong tich cuc
1én két qua phan tich va du bao toan cau.

Mot ang dung khac cta dong héa s liéu trong khi twong 13 dy bao bio
(Phan Vin Tan, Nguyén Lé Diing, 2009) [10], (Zhiquan Liu va cong su, 2011)
[56]. Trén thuc té, du doan chinh xac, theo doi bio va thay doi cuong do mot
cach chinh xac van 1a mot van dé day thach thic do thiéu cac truong s licu
can thiét. Mot trong nhitng khé khan chinh trong du béo s lwong cua con bio
1a khoi tao bao. Cac xody ban dau dugc hd tro bai phan tich quy mé 10n tir céc
trung tam hoat dong thuong dugc xac dinh qua yéu va d6i khi bi dit sai cho.

Day c6 thé 1a mot trong nhitng 1y do chinh gy ra 13i vi trf trung binh 16n
cho du béo theo dbi con bao chinh thirc ciia NCEP ddi v6i nhing con bio 16n
trén Pai Tay Duong, khoang 160 km trong 24 gi¢ va 250 km trong 48 gi¢. Do
d6, can phai tim mot quy trinh khai tao dé gia ting d6 chinh xac cta su hinh
thanh con 16¢ ban déu thyc té hon.

Mot phuong phéap khoi tao théng thudng 1a cdy mot xoay khong co that,
mot xody dugc chi dinh dya trén kich thudce cua con bao, vi tri va cuong do,
vao trang thai ban dau cia mo hinh. Nhiéu du doan thanh cong vé chuyén dong
va cu tric ciia con bio d duoc tao ra bang cach st dung so dd nhu vay. Tuy
nhién, cac thu tyc chi tiét cua cac phuong phap khong co that thay doi tir dang

nay sang dang khac.
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Thong thuong, phuong trinh can bang phi tuyén, quan hé gi6 dbc, quan
hé dia tinh, quan hé thuy tinh dugc stir dung dé léy mot bién tir mot bién khéc
trong cac so d6 khong c6 that nay. Lam thé ndo d¢é tao ra tat ca cac truong mo
hinh cta dong xo4y ban dau khach quan hon véi tinh nhat quan dong va vat Iy
van 1a mot van dé chua duoc giai quyét. Bé giai quyét cac kho khin nay, mot
s6 nghién ciu phat trién mo hinh dong héa khong co that (bogus data
assimilation) dé tao ra ciu tric ban dau ctia mot con bio nhiét déi dé du doan
bdo. Két qua cho théy du doan bdo da duoc cai thién rat nhiéu.

Dbi véi linh vuc khi twong, dai duong c6 anh hudng 16n dén hé thong
khi twong, khi hau. Trong s6 nhiéu khia canh cua vai tro Pai duong trong hé¢
thong khi hau, anh hudng cta nhiét d6 mat nude bién 1a didu can thiét nhat, va
can phai udc tinh chinh xac 16p hon hop dai duong. Theo truyén thdng, c6 hai
cach xac dinh 16p hon hop dai duong: do dac truc tiép va st dung mo hinh du
bao.

Cang ngdy, ngudi ta cang nhan ra rang mot cach khac duoc goi 1a dong
hoa s liéu dai duong co thé cung cip 1d hon vé 16p hdn hop dai duong. Tuy
nhién, cac sb liéu quan tric vé 16p hon hop dai duong thuong 13 hinh anh nhiét
d6 mat nudc bién tir khong gian; nhung chu yéu 1a & 16p nudce trén bé mit trong
khi 16p hon hop dai duong 13 mot khu vuc hon hop day 50, 100 m ngay dudi
mat nude bién, noi nhiét do va do man thuong dé)ng déu. bé gidi quyét van dé,
mot s phuong phap thir ty giam co6 thé duoc st dung dé ddng hoa sb liéu 16p
hdn hop dai duong.

1.3.2. Pong héa sé ligu trong héa hoc khi quyén

1.3.2.1. Péng héa sé liéu trong cdc mé hinh héa hoc

Nhiéu mé hinh van chuyén héa hoc da dugc st dung dé mo phong cac
qua trinh phtrc tap lién quan dén sy hinh thanh va van chuyén céac chat 6 nhiém

khong khi. Trong ba muoi nim qua, nhimg nd luc 1én da duge danh cho viéc
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phat trién cac mo hinh khi quyén s6 dé tao ra cac du bao chat luong khong khi
chinh x4c.

Theo truyén thong, mé hinh van chuyén hoa hoc (Chemical Transport
Model-CTM) trong CMAQ di duogc st dung rong rdi dé du bao chi s chét
luong khong khi. M6 hinh CTM trong CMAQ 4p dung nguyén tic vat 1y va
phuong phap théng ké dé mé hinh hoa phat xa, di chuyén, khuéch tan va lang
dong. Mic du cac mo hinh nay c6 thé du doan su bién d6i vé khong gian cua
nhiéu loai hoa chét, nhung d6 chinh xac cta cdc md hinh nay thuong bi han
ché. Do chinh xac cia CTM bi anh hudng manh mé boi cac 16i tham sé mo
hinh va kiém ké sy phat thai; trong d6 viéc cap nhat kip thoi sb lidu kiém ké
phat thai 1a diéu kién can thiét dé du bao chét lugng khong khi.

Do d6, trong hai thap ky qua, cic phuong phap dong hoa sb liéu da duoc
ap dung trén co sd str dung cac ngudn s lidu c6 sin khac nhau dé cai thién két
qua du bao. Mot trong nhiing k¥ thuat dugc phat trién va ap dung gan day 1a k§
thuat Machine Learning (kha ndng tu hoc héi dua trén s6 liéu vao ma khong
can duoc 1ap trinh cu thé) cung cép cic co hoi méi dé cai thién du bao chat
luong khong khi.

Gan day, mot s6 nhom nghién ctru da bt dau nghién ciru su két hop giita
vat 1y va ly thuyét trong cac mo hinh hoc méy dinh hudng s6 liéu (Keller va
cong su, 2017) [50]; (Karpatne va cong su, 2017) [49]; (Jia va cOng su, 2018)
[28]; trong d6 su dung tinh nhat quén vat ly (vi dy, bdo toan khoi lugng va nang
luong), diéu nay da dan dén chat luong cua sé liéu ddng hoa 6n dinh hon.

Nhiing tién bo trong cong nghé cam bién va chi phi lién tuc giam cua cac
thiét bi dién tir da khién cac phép do quy mé 16n trd nén kha thi. Mot su két
hop véi sttc manh cta cac nén tang dién toan da dan dén mot mé hinh méi trong
cac phuong phap tinh toan va théng ké dé xur Iy va phan tich s liéu; dugc goi
chung 13 khoa hoc s liéu (Hey et al., 2009) [42]. Cac phuwong phap hoc may

dua trén s liéu ngay nay c6 thé xir Iy cac van dé nhu tinh chinh cuc bo. Tuy
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nhién, kién thtrc hién tai khong du dé xay dung ching thanh mot phuong trinh
(vi phan timg phan).

Do d6, cac k¥ thuat hoc may dua trén s6 liéu da duoc ap dung cho théy
mot s6 thanh cong trong viée danh gia chit luong khong khi 6 lién quan dén
mo hinh héa (Christoph va cong su, 2017) [50]; (Chen va cong su, 2018) [28].
Két qua ctia cac nghién ctru nay da chimg minh rang trong mot sé truong hop,
phuong phap hoc may dua trén sé liéu c6 thé tao ra két qua v6i do chinh xéc
cao.

Mot s6 nghién ctru nhu Caldwell va cong su (2014) [22] ciing thira nhan
rang khai niém tng dung hop den trong khoa hoc s liéu cho dén nay chi dap
g thanh cong han ché. Tuy nhién, viéc tmg dung céc k¥ thuat trong déng hoa
s6 liéu van 1a mot giai phap hiru ich hién nay vi trén thuc té, sb luong bién trang
thai trong mo hinh khi quyén vuot xa cac do dac, quan tric, boi vi d6i voi mo
hinh s6 ¢ hang triéu hodc tham chi hang ty diém ludi, khong thé thuc hién cac
phép do chinh xac & moi diém ludi va mdi bude thoi gian.

Phuong phép nay da dugc Jin va cong su (2018) [47] nghién ctru da &p
dung thur nghiém trong viéc dé)ng héa sd liéu dé du bao aerosol. Dé thuc hién
nghién ctru nay, dau tién udc tinh ndng 46 PM o cuc bd ¢ nhitng khu vuc khong
c6 bui bang cach sir dung k¥ thuat Machine Learning dua trén diéu khién sb
liéu (data-driven) va tinh toan ndng do bui bang cach trir gia tri PM 10 khong bui
ttr cac quan tric PMo tho. Tht hai, néng dod bui thu duoc s€ duoc st dung trong
qua trinh dong hoéa sd liéu CTM. Thir ba, du bao toan bd sol khi (aerosol) s&
dugc cung cap bang cach két hop tir giai phap Machine Learning va két qua
ddng hoa s6 liéu CTM.

Pé du bao nhiing khu vuc khong c6 bui, mang noron dugc su dung dé
udc tinh sol khi khong bui cuc bd. S6 liéu lich st cho viée 1dy mau 1a s6 lidu tir

mang ludi quan tric trén mat dat. Mo phong du kién s& c6 sy théng nhat voi
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ndéng d6 PMio khi khong c6 bio bui va danh gia giam dan trong truong hop c6
bao buyi. Céc s lidu dau vao 1a cac s6 lidu lién quan dén khi tuong dia phuong
nhu nhiét 30, diém suong, tde do g0, hudng gié va cac s6 liéu lién quan dén
chat luong khong khi tinh nhu PMa s, SO2, NO2, O3, CO.

1.3.2.2. Pong héa sé liéu vé tinh trong gidm st 6 nhiém khong khi

Su da dang ngay cang ting ctia cac s liéu vé tinh lién quan dén viéce truy
xuat cac thanh phan chét luong khong khi trong khi quyén lam cho viéc dong
hoéa s6 liéu hoa hoc tré thanh mot phuwong phap ngdy cang kha thi dé thu dugc
cac sb liu phan tich va céc diéu kién ban dau chinh xac hon cho dy bdo chét
luong khong khi. Mot trong cac giai phéap 14 sir dung phuong phéap ndi suy toi
rru 3 chiéu (3D-optimal interpolation) hay viét tit 1a 3D-OI (Kalnay, 2003) [48].

Trong nhimg thap ky gan day, viéc thu thap cac thanh phan khi quyén
qua v¢ tinh da bo sung cho cac s6 liéu do tir cac tram quan tric trén mat dat
(Martin, 2008) [61]. Céc truy xudt tir vé tinh cung cdp udc tinh ndng do cho
téng cot théng dting, cho mot phﬁn cot (vi du: tﬁng doi luu) hodc & mot loat cac
murc d thang dimg va chiing bao phit mot pham vi dia 1y trén trai dat 16n hon
nhiéu so véi cac s liéu do dac tir cac tram do trén mat dat. Do do, cac sd liéu
vé tinh c6 tiém ning rat 16n dé sir dung trong déng hoa hoa hoc, tirc 13 dong
héa s6 liéu cho cidc md hinh hoa hoc CTM (Boisgontier va cong su, 2008) [21].

Noi suy toi uu (OI) 1a mot trong nhitng thuét toan déng hoa dir liéu
(PHDL) don gian nhat hién dugc 4p dung cho CTM duya trén cong thic cua bai
toan dong hoa. Mic du cac gia dinh 1am co s¢ cho OI 1a twong ddi thd, nhung
thuat toan nay dé thuc hién va c6 thé don gian vé mat tinh toan so vdi cac
phuong phap ddng hoa phtc tap hon khac, véi sb lugng quan tric va sd luong
bién m6 hinh khong qué 16n.

Trong khi tugng hoc, OI tir 1au da bi vuot qua bdi cac phuong phap loc
bién phan hoic Kalman (Kalnay, 2003) [48], tuy nhién van duogc st dung trong
cac mo hinh van chuyén héa hoc. Vi dy, Mok va cong su (2008) [64] da sur
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dung OI véi mo hinh Gaussian du bao phun luu huynh dioxit & Lisbon, Bd Pao
Nha. Tuong ty, Adhikary va cong su (2008) [19] va Matsui va cong su (2004)
[62] d3 4p dung OI dé dong hoa viéc truy xuét vé tinh vé do sau quang hoc cta
sol khi khi mé hinh hoa ndng d¢ sol khi @ Péng Nam A va mién déng Hoa Ky.

Trong trudng hop CTM ngoai tuyén, mot sy x4o tron nho trong cac diéu
kién ban dau thuong s& phan ra khi qua trinh moé phong dién ra, chi yéu do tac
dong tur cac ngué)n va cac vat can nhu hoa hoc va khi thai (Wu va cong su,
2008) [84]. Do d6, chat lugng ciia cac diéu kién ban dau it quan trong hon trong
mo hinh chat luong khong khi so véi cac md hinh du bao thoi tiét sé (Numerical
Weather Prediction - NWP), trong d6 cac nhifu dong c6 xu hudng ting dan
theo thoi gian. Trong trudng hop cac loai hoa chét ton tai trong khong khi trong
thoi gian ngan, thoi gian ciia nhidu loan ban dau c6 thé kha ngan (vi du mot
ngay) va diéu nay han ché murc dd ma cac diéu kién ban dau co thé cai thién du
bao. Tuy nhién, déng héa sb liéu hoa hoc c6 thé duge st dung dé phan tich lai
lich su.

Wu va cong su (2008) [84] dad so sanh bén phuong phap PHDL khac
nhau (OI, hai loai bd loc Kalman va déng héa bién thién bdn chiéu) dugc ap
dung cho du bao 6z6n. Nghién ctru ndy lién quan dén viéc déng hoa cac udce
tinh thu dugc tir vé tinh vé néng do nito dioxit (NO.) trong tang ddi luu. NO2
dong mot vai tro quan trong trong héa hoc khi quyén. O tang binh luu, NO>
tham gia vao cac chu trinh xtc tic pha huy ozon (O3) trong tang ddi luu, NO2
1a mot tién chat quan trong cua Os, dic biét 1a trong mdi trudng do thi bi 6
nhiém. Sy chuyén dbi 1an nhau cia NO va NO> va thoi gian t6n tai trong khi
quyén ctia NOx thay doi tir vai gio dén vai ngdy ¢ bé mat dén vai tuan o tang
d6i luu trén (Seinfeld va Pandis, 2006) [77].

Ngoai ra con ¢ su thay doi dang ké theo mua; Schaub va cong su (2007)

[76] wdc tinh thoi gian t6n tai cia NOx 13 khoang 3 gid vao mua hé va 13 gid
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vao mua dong. Do d6 NO> 13 mét chat 6 nhiém tuong d6i “cuc bd”. Trong cac
nghién ctru nay, ndng do cot NO» trong tang dbi luu duge tinh toan tir s lidu
thu duogc ctia bd cam bién giam sat tang Ozén Ozone Monitoring Instrument
(OMI) dat trén vé tinh AURA ctia NASA.

Céc sb liéu NO; duoc sir dung trong mot ) truong hop dé xac dinh lai
ty 1& phat thai NOx (Zhao va Wang, 2009) [90]; kiém chimg do chinh xéac dwa
trén céac sb liéu do trén mat dat (Lamsal va cong su, 2008) [55], quang phd ké
(Ionov va cong su, 2006) [46], kiém ké khi phat thai tir cac phuong tién giao
thong hang khong (Boersma va cong su, 2008) [20]; danh gia do tin cady cua
cac md hinh chat luong khong khi (Huijnen va cong su, 2010) [44] hodc so sanh
véi cac két qua thu dugc tir cac v¢ tinh khac (Boersma va cong su, 2008) [35].

S6 1iéu NO; tinh toan tir bo cam OMI duge déng hoa vao CTM; trudc
hét 1a dong hoa vé mat khong gian va thoi gian. V& miat khong gian, 46 phan
gidi khong gian cua mo hinh CTM duoc st dung trong nghién ctu nay la
khoang 50 km x 50 km; trong khi d6 phéan giai cua sb liéu anh vé tinh OMI
khac nhau ngay trong pham vi cua mot canh anh. Trén mdt canh anh v¢ tinh
chup tir bd cam OMI, tai diém chup thang dimg (nadir), kich thudc 1 diém anh
13 13 km x 24 km, trong khi diém anh xa nhét tinh tir nadir 13 13 km x 128 km.

Vé mit thoi gian, vé tinh AURA c6 do chup lip 1a 16 ngay (cung cap s6
liéu 16 ngay mdt 1an); trong khi mé hinh CTM c6 kha ning mo hinh hoa chét
luong khong khi hang gio. Do vay, cac giai phap dong hoa sb liéu vé mit thoi
gian ciing can phai tién hanh thuc hién. Viéc dong hoa sb liéu vé mat khong

gian va thoi gian dugc thuc dua trén thuat toan cua Kalnay (2003) [48]:

x,=x,=BH" (HBH" +R)™'(y— Hx,) (1.1)
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Trong do: X, 1a né)ng do NO2; y 1a néng d6 NO> cot ddi luu tinh toan tur
s6 liéu vé tinh OMI; B va R 1a ma tran hiép phuong sai cho X, va y twong ung;
H 13 phép bién do6i tuyén tinh tir khong gian mo hinh sang khong gian quan trac.

Céc thong sb duge ude tinh theo thoi gian trung binh thang, trung binh
gid dé cho phép cac md hinh mo phong theo mua va ngay vé nong do NO..

Trong khi d6, mot s6 nghién ctru da sir dung phuwong phap dong héa sb
liéu bién thién bén chiéu (4DVAR) duoc tich hop trong mé hinh CMAQ dé téi
uu hoa trang thai 6z6n ban dau va cai thién kha nang dy doan vé chat lugng
khong khi (Elbern va Schmidt, 2001) [33]; (Penenko va cong su, 2002) [70];
(Hakami va cong su, 2007) [41].

Elbern va cong su (1997) [32] 12 nhitng ngudi dau tién déng hoa sb liu
chat luong khong khi & ting ddi luu vao mo hinh phéan tin 6 nhiém khong khi
ctia Chau Au. Ho lap luan réng ¢ giai doan do viéc déng héa sb liéu chét luong
khong khi chi gidi han ¢ s6 liéu 6z6n tang binh luu thong qua cac sb lidu vé
tinh; trong khi d6 chét luong va sb lugng s liéu vé tinh chua di nhiéu va chua
du d6 chinh xac dé c6 dugc két qua du bao chat lugng khong khi tét hon.

Trong nghién ctru ciia minh, ho da thyc hi¢n déng hoéa sb lidu béng cach
st dung ca s6 litu do mo hinh tao ra va céc thong tin khac nhau tur cac s6 lidu
quan trac, sO liéu vé tinh. Két qua chi ra réng khi st dung s6 liéu do md hinh
tao ra, kha nang du doan duoc cai thién khong chi ddi véi cac thanh phﬁn hoa
hoc lién quan truc tiép véi cac hoa chat duoc st dung trong dong héa s6 liéu,
ma con ddi véi nhimg thanh phan khong duge sir dung trong dong hoa.

Trong nghién ctru tiép theo, Elbern va Schmidt (2001) [33] dé ap dung
4DVAR cho cac truong hop c6 nong d6 6zon cao vao mua hé dua trén cac so
liéu quan tric mat dat & Chau Au va cac dia diém khac. Két qua dong hoa sb
liéu trong 6 gid cho thdy kha ning du bao duogc cai thién. Ngoai ra, két qua

nghién ctru ciing kiém tra d nhay cia mo phong mé hinh doi véi qua trinh
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dong hoa s liéu dya trén ban kinh cta ving anh hudng khi dong héa s liéu
duoc thuc hién.

Chai va cong su (2007) [24] da phén tich tac dong cta cac so lidu quan
tric tir cac hé thong quan tric khac nhau, chang han nhu mat dat, hang khong
dan dung, tau, v¢ tinh quan tric tﬁng ozone va sb liéu lidar ddi véi sy déng hoa
sb licu. SO liéu cua Hi¢p hoi Québc té vé Nghién ctru Khi quyén vé Van tai va
Bién d6i (International Consortium for Atmospheric Research on Transport and
Transformation - ICARTT) da dugc thu thap va st dung trong nghién ctru trén.
Dic biét, ho da dé xuat mot phuong phap dé tinh toan céc sai sd nén, diéu chua
duogc giai quyét chi tiét trong nghién ctru trude d6 va kiém chimg hiéu suit cua
phuong phép trong mo hinh.

Boisgontier va cong sy (2008) [21] dd dong héa ndng d6 6z6n & ting ddi
luu trong nghién ctru du bao 6z6n khu vuc trude khi phong vé tinh MetOp cua
T6 chure khai thac vé tinh khi twong chau Au (EUMETSAT) vio thang 10 nam
2006. Mac du nghién ctru da thuc hién dé)ng hoéa sb liéu bﬁng cach st dung cot
s6 lidu vé 6zon c6 pham vi tir 0-6 km trong tang ddi luu, nhung ky vong rang
s€ anh huong tich cuc dén dd chinh xac cta du doan 6z6n trong khu vuc. Qua
trinh déng héa s6 liéu hoa hoc d3 duoc thuc hién b?mg cach sir dung NO> va
HCHO tu vé tinh, may do anh sédng tan xa ngugc (SCanning Imaging
Absorption spectroMeter for Atmospheric CHartographY - SCIAMACHY),
cung véi cac s lidu quan tric moi trudng khong khi & mit dat (Zhang va cong
su, 2008) [89]. Két qua cho théy, dd chinh xéac két qua du bao sur dung cac s6
liéu duoc ddng hoa tot hon so voi két qua duge tao ra ma khong dong hoa sb
ligu.

Gou va Sandu (2011) [39] chi ra rang c6 thé ton tai sy khac biét trong két
qua gradient gitta tiép giap (1ién k&) roi rac va lién tuc trong qué trinh phat trién
mo hinh lién ké do tinh phi tuyén tinh cao trong phwong trinh déi luu ctia mo

hinh chét lwong khong khi. Cac tac gia 1ap luan rang phuong phap roi rac chinh
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xé4c hon trong nghién ctru do nhay lién ké va phuong phap lién tuc nhanh hon
trong viéc giam thiéu ham tinh toan trong ddng hoa sb liéu 4DVAR.

Trong nghién ctru khac vé cac chat 6 nhiém nén anh huéng dén noéng do
6z6n trén mat dat ¢ mién tdy nudc My vao mua hé, Huang va cong su (2013)
[43] dd ap dung ddng hoéa sb liéu khong chi dé mo phong s6 ma con dé danh
gia nong do lién quan dén su van chuyén, phat tan cac thanh phan hoa hoc trong
khong khi. Dya trén phan tich né)ng do 6zon dugc quan tric trén mat dat, ho
cho rang sai s6 Os trén bé mat mo phong giam trung binh 5 ppb va muc giam
c6 thé 1én dén toi da 1a 17 ppb khi ap dung dong hoa s lidu. Nén udc tinh O3
dugc van chuyén tir Dong Thai Binh Duong cao hon khoang 3 ppb do ap dung
ddng hoa sb lidu.

Hau hét cac nghién ctru trude day vé dong hoa sé lidu hoéa hoc di tap
trung vao mot hién tuong ctia quy mo khai quat vé khi twong bang cach st dung
quan tric dya trén vé tinh cling nhu s6 liéu quan trac trén mat dat.

Talagrand va Courtier (1987) [82] cho rang viéc van chuyén 6 nhiém
khéng khi do tuan hoan cuc bd nhu gi6 bién - dat lién khong duoc kiém tra ky
ludng. Mot trong nhimng yéu to quan trong anh huéng dén két qua dong hoa sb
liéu trong qué trinh 4DV AR 14 sai s6 nén ctia mo hinh.

Céc cong bd gan ddy cua Constantinescu va cong su (2007) [29]; Sliver
va cong su (2013) [80] cho rang céc nghién ciru trude day di coi cac sai s6 nén
1a dai luong vo hudng véi phan bd Gauss, trong khi thiéu nghién ciru 4p dung
chung ¢ dang ma tran va xem xét hi¢p phuong sai thoi gian.

Trong mot nghién ciru thir nghiém & khu vuc thii d6 ctiia Han Quéc, noi
cac dia diém quan tric mat dat phan bd day dac, dugc chon dé nghién clru déng
hoéa s6 liu. Cac 1ap trinh 4DVAR duogc phét trién trude d6 da duogc stra doi dé
xtr 1y cac 16i nén trong cac dang ma tran va cac bai kiém tra s6 khac nhau da
dugc thir nghiém. Cac két qua dugce danh gia bang cach sir dung mot ham hiép

phuong sai 1y tuéng hoa. Sau d6, cac sai s6 nén thuc té dugc thu thap cho khu
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vuc xung quanh thi d6 ciia Han Qubc bang cach st dung két qua mo hinh dai
han. Dic diém cua céc 16i nén duge tao ra trong nghién ctru nay duoc phan tich.

Trong nghién ctru vé 4DVAR, mét sé phuong phap khac nhau duoc ap
dung nhu phuong phap bién phan (Talagrand va Courtier, 1987) [82] va
phuong phép tiép can kha ning t6i da. Trong d6 phuwong phap bién phan dugc
str dung dé giai quyét van dé dong hoa sd liéu 4DVAR nham tim ra cac bién
kiém soat dé giam thiéu sy khac biét giita cac két qua mo hinh hoa va két qua
quan trac thuc té.

Trong khung déng héa sb 1iéu 4DVAR bi rang budc manh mé, sb liéu
quan tric tai moi thoi diém trong ctra s6 ddng hoa déu duge xem xét dong thoi.
Céc bién kiém so4t tré thanh phan bd ndng d6 ban dau va tat ca cac két qua tai
cac thoi diém trong twong lai duoc xac dinh duy nhat tir didu ndy trong mé
hinh; trong khi phwong phap tiép can kha nang t6i da, ddng hoa sb liéu 4ADVAR
cung cap mdt cong cu ude lugng hau thir nghiém t6i da vé phan bd nong do
ban dau thyc sy, thu duoc bé‘mg cach giam thiéu cac tham sd.

Ciing lién quan dén dong hoéa sd lidu vé tinh trong cac md hinh hoa hoc,
Mailler va cong su (2017) [60] d3 st dung cong cu md hinh CHIMERE dé danh
gi4, phan tich va du bao chat lvgng khong khi tir quy mé do thi dén toan cau.
Tai Phap, nén tang du bao qudc gia PREV'AIR (http://www.prevair.org/) cung
cap du bao chat luong khong khi trong 4 ngay & d6 phan giai xap xi 4 km ddi
v6i Phap va khoang 10 km ddi v6i chau Au (Rouil va cong su, 2009) [73].

D@)ng héa sb lidu gitra s6 liéu quan trac tir cac tram mat dat va sd liu vé
tinh da dugc xac dinh 1a mot k§ thuat dé cai thién viéc 1ap ban d6 6 nhiém
khoéng khi cling nhu du bao chét lwong khong khi bang cach dua sé liéu quan
tric c¢6 san & trang thai ban dau (Park va cong su, 2016) [69]; (Pagowski va
cong su, 2010) [66].

Sandu va Chai (2011) [75] cung cdp mot cai nhin tong quan vé mot sd

phuong phap duoc st dung trong ddng héa sb liéu vé tinh trong cac mo hinh
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héa hoc; trong d6 cho rang anh hudng cua cac diéu kién ban dau mo dan theo
thoi gian va truong ndng do tro thanh yéu té anh hudng chinh do cac qua trinh
phat xa va cac diéu kién bién bén trong ctia mo hinh.

Trong nghién ctru cia Vieno va cong su (2016) [83], cac nguyén tic
tuong tu dugc ap dung cho trudng hop giam sat gan thoi gian thue cua dot bung
phat 6 nhiém bui xay ra vao thang 3 nim 2014 tai Chau Au. Su kién 6 nhiém
nay 1 co hoi dé danh gid vai tro cuia PHDL ddi véi chau Au nham giam sat 6
nhiém khong khi.

Péi voi du bao chat luong khong khi, Menut va Bessagnet (2019) [63]
d3 phan tich loi ich tiém ning téi da cua cac k§ thuat DPHDL bang cach stra doi
trang thai ban dau cia mo phong. Muc tiéu nghién ctru nay khong chi lién quan
dén co so 1y thuyét ma con 1a dé danh gid cc thi nghiém dong hoéa s licu 1y
tudng khac nhau ¢ géc do du bao dua trén mot truong hop khi tuong thuc té va
tap trung vao nong do bui.

Phuong phap dong hoa s liéu vé tinh AOD ciing dd duge mot sd tac gia
nghién ctru ap dung dé cai thién chat lugng mé hinh hoa. Liu va cong su (2011)
[56] 1an dau tién thir nghiém kha ning dong hoa s liéu AOD lay tir cam bién
vé tinh MODIS vao trong hé théng NCEP va GSI (Gridpoint Statistical
Interpolation). Két qua nghién ctru da cho thay sy dong hoa AOD di cai thién
du béo vé sol khi trong mot su kién bao bui xdy ra & Pong A.

Hé théng GSI véi phuong phap dong hoa sd liéu bién thién theo thoi gian
(3DVAR) da dugc str dung rong rai dé du bao chat lugng khong khi va mé rong
cho cac s6 liéu quan tric aerosol bod sung nhu vat chit hat bé mit, bao gém tat
ca cac hat c6 duong kinh khi dong hoc nhé hon 2,5 um (PMas) hodc 1én dén
10 pm (PMjo).

Kim va cong su (2017) [51] da phat trién giai phap dong hoa s liéu trén
co s& st dung sb liéu tir bd cam bién Geostationary Ocean Color Imager

(GOCI) dat trén v¢ tinh dia tinh COMS (Communication, Ocean, and
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Meteorology Satellite) ciia Han Quédc. Bo cam GOCI cung cap kha ning truy
xudt AOD hang gio tai nhiéu dai quang pho véi pham vi giam sat khu vuc Dong
A, trong d6 tap trung trén Ban dao Triéu Tién.

Pang va cong su (2018) [68] d3 dong hoa cac s liéu AOD tir GOCI va
VIIRS (Visible Infrared Imaging Radiometer Suite trén vé tinh MODIS) dé dy
doan néng do bui PM2s ¢ khu vuc phia dong Trung Qudc va nhén thay rang
viéc déng hoa cac truy xuat AOD tir 02 bd cam bién vé tinh da cai thién do
chinh xac cua du bao.

Pé md rong hon nita kha ning dong hoa 3DVAR trong hé thong GSI
nhim str dung tot nht cac truy xuat AOD tir GOCI, dy an hop tac gitra Han
Quéc va Hoa Ky (du an KORUS-AQ) di duoc phat trién. Trong d6, s lidu da
dugc xtr 1y trudce, sau d6 duge ddng hoa trong ki thuat dong hoa sé liéu bién
thién thoi gian (3DVAR) cho md hinh WRF-Chem. Két qua dong hoa sb liéu
vé tinh giita GOCI va MODIS va s liéu quan tric miat dat cho thay kha ning
du bao ndéng d6 bui PMa s duoc cai thién tir 6 gior (trung binh ddi véi sd liéu vé
tinh MODIS) 1én dén 24 gid; diéu nay dd dong gop dang ké nhét cho viéc du

doén cac sy kién 6 nhiém nidng & Han Qudc.
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Tiéu két chwong 1

C6 thé noi, viéc két hop nhiéu nguén s6 liéu cho muc dich tao ra méot ude
luong ban dau tot nhat tir mot trang thai du bao (hay du bao nén) cho trude vé
trang thai ctia khi quyén 1am dau vao cho hé théng mé hinh WRF-CMAQ, ning
cao chét lugng két qua du bao vé chat lugng khong khi 1a mot xu thé tat yéu
cua cong tac du bao.

S liu tir vé tinh quan tric trai dat ngdy cang c6 do chinh xac cao, voi
tan xuat ngay cang cai thién. Uu diém ciia phuong phap vién tham 14 kha ning
cung cip sb liéu trén dién rong, tir quy mo dia phuong dén qubc gia, tham chi
1a quy mo toan cau; ddc biét 1a gia thanh kha thap, tham chi con mién phi. Két
qua cua cac nghién ctru trude day di chimg minh sb liéu do siu quang hoc tir
vé tinh c6 tic dong nang cao do chinh xac két qua udc tinh ndng d6 cac chat
trong khong khi. Viéc xac dinh phuong phap xtr 1y s6 liéu AOD dong mot vai
trd quan trong trong viéc dong hoa, tao ngudn sb liéu dau vao cho hé théng mo
hinh WRF-CMAQ.

DPdng hoa sd liéu khi twong va héa hoc khi quyén ciing duoc chirng minh
la cai thién mdt cach dang ké két qua cua cac du bao. Ky thuat déng hoa dua
trén co s& toan hoc cua bd loc Kalman to hop da duoc tmg dung cho hé théng
mo hinh WRF dé ddng hoa s6 liéu vé tinh nham du bao trang thai khi quyén
cling nhu du bao chét lugng khong khi da dugc cac nha khoa hoc thuc hién va
chtng minh c6 hiéu qua rd rét. Tuy nhién, két qua nghién ctru cia céc tac gia
trude day chua dé cap dén viée két hop hé thong mo hinh WRF va hé thong mo
hinh CMAQ dé danh gia chat lugng khong khi dya trén co s& loc Kalman cho
viéc dé)ng héa sb liéu vé tinh AOD.

Do vay, xay dung duogc quy trinh déng héa sd 1iéu vé tinh AOD cho hé
théng mo hinh WRF-CMAQ nham thiét 1ap dugc phuong phap méi trong viée

danh gia chat luong khong khi mot cach toan dién trén dién rdng phuc vu giam



51

sat 6 nhiém khong khi khu vuc Ha Noi, md rong trén l1anh tho Viét Nam 1a van

dé can dugc nghién ctru.
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CHUONG 2: CO SO TOAN HOC VA PHUONG PHAP NGHIEN CUU

Mo hinh Nghién ctru va Du bao Thoi tiét WRF 1a mot hé thong mo hinh
khi quyén hién dai phuc vu cho ca nhu cau nghién ctru khi quyén va van hanh
du bao. Sy phat trién cia WRF bét dau vao cudi nhimg nim 1990 véi su hop
tac gitta cac co quan nhu: Trung tdm Nghién ctru Khi quyén Quéc gia (NCAR),
Co quan Quan 1y Khi quyén va Pai duong Quéc gia (NOAA), Co quan Thoi
tiét Khong quan (AFWA), Co quan Nghién ciru Hai quan Phong thi nghiém,
bai hoc Oklahoma va Cuc Hang khong Lién bang.

WREF cung cdp nhiéu tiiy chon cho cac qua trinh vat Iy khi quyén va phu
hop voi nhiéu ung dung, bao g@)m: Du béo thoi tiét dang sb thoi gian thuc, mo
phong khi quyén 1y tudng, nghién ciru ddng héa sb liéu, nghién ciru bio, cac
mg dung m6 hinh ghép ndi (two-way), nghién ctru khi hau khu vye, tim kiém
du bao. Céc thanh phan chinh ciia hé thong mo hinh héa WRF 1a hé thong tién
xtt Iy WRF (WPS), hé thdng dong hoa sb lidu WRF (WRFDA), 16i WRE (b
gidl) va cac cong cu Hau xuir Iy va Hinh anh hoa (Post-processing and
Visualization tools).

2.1. P6i twong, pham vi va muc tiéu nghién ctru

Chat luong khong khi duoc xac dinh boi ndng do cac chat gay 6 nhiém
trong khong khi. Chét luong khong khi bi anh hudng bai loai va sé lugng cac
chat gay 6 nhiém duogc thai vao khong khi, cac diéu kién thoi tiét nhu téc do
gi6, luong mua, nhi¢t @6 va dia hinh.

Theo QCVN 05:2013/BTNMT, CLKK xung quanh dugc xac dinh qua 8
thong s6 gdm SO2, CO, NOx, O3, bui lo ltng tong sd (TSP), bui PMo, bui PMa s
va Pb. Dua vao duong kinh khi dong hoc cua hat bui, bui dugc chia thanh: TSP
c6 duong kinh khi dong hoc dudi hodc bang 100 pm, ¢ thé do nhiéu chit khac

nhau tao nén, bao gom cacbon, sulfua, khi nito va cac hop chat kim loai; bui
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PM o c¢6 duong kinh khi dong hoc dudi hodc bang 10 pm va bui PMa 5 ¢6 dong
hoc nho hon hoac béng 2,5 um.

Bui PM 12 loai bui ¢6 thé d& dang di vao co thé qua duong dan khi va
tich tu trén phoi, lang dong & dudng ho hap gitta ctia con nguoi. Bui PMas ¢6
thé thadm nhép sdu dén tan cac phé nang cta phoi. Anh hudng cua bui dbi voi
suc khée phu thude vao tinh chit, néng do va kich thudc hat. Bui lo lung ¢c6 thé
lan truyén rat xa gay 6 nhidém khong khi trén pham vi quy mé 16n. Mire do cac
chat gay 6 nhiém khong khi co thé thay doi rat 16n tir dia diém nay sang dia
diém khac va tir gid ndy sang gid khac.

Cac hat nho hon duoc cho 1a c¢6 hai cho sirc khoe hon 1a cac hat 16m boi
vi ching c6 thé di sdu vao hé thong ho hip, ké ca phdi. Vi Iy do ndy, cac hat
min PMaz.s ¢6 lién hé truc tiép dén cac van dé sirc khoe nghiém trong, 1a thong
s6 dugc tap trung nghién ctru nhiéu.

Céc hat bui min PMa2 s va PMio ¢6 thé sinh ra tir tu nhién nhu chay ring,
bui sa mac, khéi nai Itra, cac con bao cat, hoac tur thuc vat va cac vi sinh vat.
ba phén bui duogc tao ra tir cac hoat dong cia con nguodi qua vige ddt nhién lidu
hoa thach, bui tir cac cong trinh xay dung, giao thong, ddt rac thai, khoi bui tir
hoat dong cong nghiép, cac hoat dong dan sinh va 6 nhiém xuyén bién gidi.

Céc nha khoa hoc cua NASA da cho cong bd mot ban dd chat lugng
khéng khi toan cau, cho ching ta thiy tinh trang phan b nhiing khu vuc c6 cac
hat tri ndi voi kich thudc nhé hon 2,5 um. Theo ban d6 nay thi hién trang
khong khi & mién Nam Viét Nam nhin chung dang ¢ murc an toan. Tuy nhién
khu vuc phia Bic, chi s6 PM cua mién Bic Viét Nam dang & murc cao so voi
mirc an toan ma T6 chirc Y té Thé giéi (World Health Organization - WHO)
dua ra.

Trudc d6, tai nhiéu hoi thiao vé méi truong, cac chuyén gia moi truong

trong nudc ciing da khang dinh, khong khi & hau hét cac thanh thi trong ca nudc
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déu dang bi 6 nhiém mot cach nghiém trong. Vi vy viéc giam sat 6 nhiém
khéng khi dé cung cap thong tin, du bao nhitng anh hudng, tai bién méi trudng
kip thoi cho nguoi dan trong khu vuc 1a mét nhiém vu cép thiét dic biét 1a cac
thanh phd 16n & Viét Nam noi c¢6 hién trang 6 nhiém khong khi rat ning.

Cong nghé vién tham 12 mot phan ctia cong nghé vii tru, duoc phat trién
tor nhirng nam 1858, dén nay da duoc ap dung trong nhiéu linh vuc va duoc phé
bién rong rii & cac nudc phat trién. Cong nghé vién tham da tré thanh phuong
tién chu dao cho cong tic giam sat tai nguyén thién nhién va moi truong & cap
d6 timg nudc, timg khu vuc va trong pham vi toan cau. Kha ning tmg dung
cong nghé vién tham ngay cang duoc nang cao, day la 1y do cong nghé nay
ngay cang dé tiép can hon. Ung dung cong nghé vién tham & nudc ta trong
nhiéu nim nay chu yéu tip trung vao hai loai tai nguyén co ban 1a dit cung voi
16p phu trén dat, dudi dat va nude. Tai nguyén tht ba 13 khong khi - lién quan
truc tiép t6i sy sinh ton cua con ngudi, nhung céng nghé vién tham & nude ta
chua c6 tmg dung nhiéu.

Hé thong mo hinh chat lwong khong khi da qui mdé CMAQ 1a hé théng
mo hinh ¢6 kha ning mé phong cac qué trinh khi quyén phirc tap anh hudng
t1 bién d6i, lan truyén va lang dong vdi giao dién than thién voi nguoi sir dung.
CMAQ tiép can chat lugng khong khi mét cach téng quat voi cac ky thuat hién
dai trong cic van dé vé mo hinh chit lugng khong khi, bao gom khi 6z6n trén
tﬁng ddi luu, doc td, bui min, léng dong a xit, suy gidm tam nhin. CMAQ cling
dugc thiét ké da quy mo dé khoi phai tao ra cac mo hinh riéng biét cho ving d6
thi hay néng thon.

CMAQ Ia mdt cong cu tinh todn manh mé dugc st dung dé giam sat 6
nhiém khong khi. N6 12 mot mé hinh tinh toan dong thoi nhiéu chat gdy 6 nhiém
khong khi bao gé)m 6z0n, cc hat vat chit va mot loat cac khi doc dé gitp ching

ta giam sat 6 nhiem khong khi.
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Véi nhu cau cap bach cua xa hoi, viée nghién ciru theo doi ndng do bui
PM>s dé giam sat 6 nhiém khong khi 1a hét sitc quan trong. Xuat phat tir thé
manh cua cong nghé vién tham, dit liéu vién tham va uu diém ctia mo hinh chét
lugng khong khi CMAQ, nghién ctru sinh da xac dinh cac néi dung quan trong
ctia nghién ctru ndy, cu thé nhu sau:

- Doi twgng nghién ciru

Nong d6 bui min PMas; Hé thong md hinh WRF-CMAQ); Phép loc
Kalman; Dir liéu vién tham Moderate Resolution Imaging Spectroradiometer
(MODIS); Do sau quang hoc AOD.

- Pham vi nghién ciru

Nhu da trinh bay ¢ muc “Mé dau” cua lun 4n, pham vi nghién ctru dugc
xac dinh, cu thé nhu sau:

+ Pham vi khong gian: nghién ctru trén pham vi khu vuc Ha Noi va cac
vung lan cén;

+ Pham vi thoi gian: nghién ctru qua cadc nam 2015, 2017 va 2019;

+ Pham vi vé noi dung nghién curu: Dé)ng hoéa sb liéu vé tinh AOD cho
hé thong méd hinh WRF-CMAQ.

- Muc tiéu nghién ciru

+ Nghién ctru 4p dung phép loc Kalman t6 hop (LETKF) dé dong hoa sb
liéu AOD tur vé tinh MODIS, nang cao do chinh xac udc tinh n6ng do PM, s
trong khong khi cho khu vuc Ha Ni.

+ Nghién ctru dé xuat duoc Quy trinh ddng hoa sd lidu vé tinh AOD st
dung module WRFDA phuc vu cong tac danh gia chat luong khong khi phu
hop véi diéu kién ctua Viét Nam.

- Phwong phdp nghién ciru

+ Phwong phép chuyén gia tu vin: Tham khao chuyén gia tu vén trong

linh vuc do dac, giam sat 6 nhiém khong khi. Phuong phap nay dugc nghién
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ctru sinh sir dung dé xin y kién, hudng dan va hoc héi cac van dé can quan tdm
cua cac chuyén gia theo ting linh vuc;

+ Phuong phap xtr Iy anh vién tham: Thyc hién cong tac x1r 1y, tinh toan
truc tiép s6 liéu AOD, né)ng do bui trén anh vién tham MODIS;

+ Phuong phap mé hinh hoa: Ky thuit dong hoa sb liéu vé tinh cho mé
hinh CMAQ;

+ Phuong phép théng ké, phén tich da thoi gian: Phén tich dién bién nong
d6 bui PM, 5 tir két qua ctia mo hinh theo thoi gian mo phong;

2.2. K§ thuat dong hoa sb liéu

Theo Talagrand va Kalnay [82], [48], udc tinh tot nhét vé trang thai cua
khi quyén thu duoc tir sy két hop thong ké cua phong doan dau tién vé khi
quyén va cac quan tric 13 trang thai phan tich. Bé c6 dugc ude tinh tdi vu can
thong tin thong ké vé cac sai sb trong céc quan tric.

Nhu d4 trinh bay trong chwong 1, ndi suy tdi uu 1a mot trong nhitng thuét
toan dong hoa sb liéu, trong thudt toan nay no tao ra udc tinh khong chéch tuyén
tinh tot nhat cia mot trudng, véi mot tap hop cac quan sat duoc phan bd tuy ¥
va dugc goi 13 udce tinh khong thién vi tuyén tinh tét nhit BLUE.

Mot phuong phap khac dé co duoc ude tinh t6i wu 1a loc Kalman. Loc
Kalman 13 mot thudt toan cung cap cac udc tinh ciia mot sb bién chua biét dua
trén cac phép do duoc quan sat theo thoi gian. B loc Kalman da va dang ching
minh tinh hitru ich cua n6 trong cac ing dung khac nhau. BS loc Kalman tuong
d6i don gian va yéu cau luong tinh toan nho. Cac phép do khong can phai 13
ctia chinh cac bién trang thai, ma phai lién quan dén chung thong qua mot ham
c6 thé duoc tuyén tinh hoa.

B6 loc Kalman 1a tdi vu, theo nghia 13 né giam thiéu phuong sai cua sai
sb u6c tinh, dbi voi cac mé hinh tuyén tinh c6 nhiéu doc lap, tinh trong cd mo
hinh va hé théng do luong. Méc du no6 dugc thiét ké cho cac bai toan tuyén tinh,

mot phién ban mdi da sém dugc phat hién, duoc goi 1a Bo loc Kalman mé rong
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(Extended Kalman Filter - EKF), d3 duoc sir dung cho cac tng dung phi tuyén
tinh cua bd loc Kalman (University of Crete, 2016) [93].

Trong khi tugng hoc, bd loc Kalman dugc st dung rong rai dé cai thién
du doan cta cac bién quan tAm, hau hét cac toan tir quan tric déu 1a phi tuyén
tinh, do d6, EKF duoc ap dung rong rai. Cac toan tr quan tric nay co thé duoc
tuyén tinh héa bang cach sir dung mo rong chudi Taylor xung quanh trang thai
du doan hién tai. Loc Kalman phu hop v&i ing dung du bao thoi tiét, chat luong
khong khi va duoc ap dung trong hé thong mé hinh WRF-CMAQ nén, trong
khuon kho ctia luan an, nghién ciru sinh chi tip trung nghién ctru bd loc nay.
Thuat toan ctia bd loc Kalman bao gém bo loc Kalman md rdng va bd loc
Kalman t6 hop [34], [52], [81], [93] dugc trinh & phan sau.

2.2.1. Thudt toan cua by loc Kalman mo rong

Trong qua trinh dong hoa dir liéu tai thoi diém # chung ta str dung két
qua du bao cua mét trang thai trude do, duoc ky hi¢u Ia x’ (), déng thoi tai
thoi diém #; ta c6 mot tp hop cac quan sat duge gin vao vecto ;. Vé6i du
bao x’(t,) va cac quan sat y; thuc hién phan tich va thu duoc trang thai du
bao x“(#,). Sau do, tiép tuc ting x“(#,) tir thoi diém #; dén ¢, bang cach st
dung mo hinh va tao du bao trang thai méi tai thoi diém ¢,,, duoc ky hiéu 13
x’(¢..,) . Du béo trang thai mdi nay s& dong vai tro 13 nén trong chu ky tiép
theo va tiép tuc lap di lap lai qua trinh.

Maic du, thuat toan bd loc Kalman tuong tu voi ndi suy tdi wu nhung co
su khac biét chinh: trong noi suy tdi wu, chung ta gia dinh rang hiép phuong sai
16i nén B 1a mot ma tran khong doi, trong khi d6 véi bo loc Kalman, chung ta
cap nhat hiép phuong sai sai du bao P/(z,) & cac budc du bao bang cach sir

dung mo6 hinh. B loc Kalman ban dau duoc thiét ké cho mo hinh myén tinh
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nhung trong nghién ctru hi¢n tai, bd loc Kalman mo rong (EKF) duoc sur dung
cho cac tmg dung phi tuyén cua loc Kalman [93].

Trang thai du bao duoc ning 18n tir thoi diém phan tich trude do 1a 7,
dén thoi diém hién tai, thong qua mo hinh du bao

x (6) =M, | x"(t.)] @.1)

Trong phan tiép theo cua loc Kalman, gia dinh co ban 1a cac 15i lién quan
dén cac udc tinh va cac quan sat tudn theo phan phdi chuan khong trung binh.
Do mé hinh 13 khong hoan hao va c6 sai sd, nén gia dinh ring trang thai thuc

ctia khi quyén duoc dua ra boi
t t
x(t)=M,_ |:x (ti—l):| +n(t.,) (2.2)
trong d6: 1n(t, ) 1a qué trinh nhidu (sai sé ndi tai) v6i ma tran hiép

phuongsai Q,, = F {77,-_177,-T_1} , trong d6 7,_, =71(t,_,)

Phuong sai du bao c6 thé thu duoc bang cach tuyén tinh hoa, giita hai
budc thoi gian lién tiép ¢, , va ;. Do d6, chung ta dua ra mot nhiéu loan Sx(7,)
cua céac diéu kién ban dau va ta co:

x(t)+0x(t) =M_ [x(t_)+3x(t. )] (3
=M, ,[x(t, )]+L. 5x(t, ) +0(5x])
trong d6 L 1a m6 hinh tuyén tinh tiép tuyén, tirc 14, ma tran bién doi nhiéu

loan ban dau tai thoi diém ¢, thanh nhiéu loan cudi cung tai thoi diém ¢;.

Mot lan nira, ching ta gia dinh rang cac quan sat c6 chira sai s6 véi ma

tran hiép phuong sai R, = £ {5,-05,-0 } va dugc cho boi

y =H [x’ (tl.)} +& (2.4)
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trong d6 H 1a toan tr quan sat (phi tuyén).
Sai s trong mot khoang thoi gian du bao phu thudce vao sai sb ban dau

va céc sai s6 phat sinh tir mé hinh dy bao. Str dung (2.1) va (2.2), chiing ta c6

5,-f =x'(t,) - x! (t,)
=M, [xt (l‘i_l)] + 77(1‘1._1) -M,_, [xa (ti—l)]
= My [ 6 )+ (0 = ) [+ ) =M [ 67 )

~M,_| [xa (ti—l)] T Li—lgicil T U(ti—l) M, [xa (ti‘l ):|

trong dé biéu thirc cudi cung 1a két qua cua trién khai chudi Taylor bac
nhat xung quanh x“(¢_;) bo qua cac sd hang bac cao hon va ta thu duogc
phuong trinh
[~ a
& = Li—lgi—l T (2.5)
,

Gia st rang sai s6 du bao &, co6 gia tri dac trung thong ké cua sai so,

ching ta ti€p tuc vo1 viée tinh toan ma tran hi€p phuong sai ctia sai s6 dy bao,

duoc cho boi:

P/(t)=E{e /"

=L { (L&l + 1)L 6l + 17 )T}

12 {(Li—lgia—l T )(gia—lTLf—l + 771{1 )}

a

a aTyT a T Ty T T
E{Li—lgi—lgi—l L +L e +n.6 L+ 771'—177;'—1}

1

=L E {gz‘a—lgia—lT} L, +L E {51‘61—177;—1} +E {77i—15ia—1T} L +E {77‘—177;_1}



60

Thuat ngit £ {Eilgia_lT} 14 ma tran hiép phuong sai sai sé phan tich
P?(z,,) tai thoi diém ¢, , va c6 thé dugc tinh toan trong ndi suy tuyén tinh. Vi
thé

P/ (1) =L, P'(t )L, +Q,, (2.6)

Sau khi hoan thanh budc du béo tai thdi diém ¢, , thu dugc vecto mai 1a

d, = yio -H :xf(ti)]
=y —H|x'(t)+x" (t)-x'(t) | @7
=y —H[x' @) ]-H, [ (1)-x'()]
= gio - Higlf

Ma tran trong s6 tdi wu hodc hé sd gia ting Kalman K, thu dugc khi tbi

thiéu hoa hiép phuong sai phan tich P | ta co

-1

T e 2 ey y e )

£ {(—ef )| & -He' ]T} [E{[go e Jrﬂl

= E{—gf(go)T +8f(8f)THT}[E{g°(e°)T -&%(e/'H" —He' (&%) +Hgf(gf)THT}I1

=Ele/(¢/) | M +[E{e°(e*) }+ HE (e (/Y W |

=P'H'[R+HP'H" |
Do d6, hé sb gia tang Kalman, sau khi hoan thanh budc du bao i, dugc

dua ra boi

K, =P ()H/[R+HP (OH | ()
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Trang thai phan tich va hiép phuong sai ciia n6 c6 thé dugc viét nhu
trong nodi suy tdi wu, st dung ma tran P/ (t,) va K, dugc tinh toan, thay vi B
va W, tuong tng. Do d6, chiing ta ¢

() =x' () +K, [y -H[x'®)]| @)
P'(1)=(1-KH)P'(z) (2.10)

Theo gia thiét sai s6 phan bd chuan, x* cho bai (2.9) 1a gia trj trung binh
ctia phan bd trang thai thuc x' tai thoi diém ¢, , c6 nghia né 1a udc luong toi
uu cua trang thai.

Tom lai, thuat toan cua bo loc Kalman mo rong bao gff)m hai budc: “buoc
dw bao” trang thai du bao va ma tran hi€p phuong sai cia n6 va “buoc phan
tich” cap nhat trang thai phan tich va hiép phuong sai twong mg, dugc tom tat
lai nhu sau:

1. Pau vao
Trang thai du bao x“(¢,) = x,
va ma tran hiép phuong sai 16i nén P“(7,) = P,

2. Vonglapi=1,2.....

* Buoc du bao:
X (6) =M, [x(t.)]
P/(t)=L,_P°(t_ )L, +Q,,
* Buoc phan tich:
K, =P/ (t)H! [R, + HP/ (;)H |
X)) =x" () +K, [y ~H [ 0)]]

P (1) = [I_KiHi]Pf(ti)
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Mot dac tinh tuyét voi cia bd loc Kalman mo rdng 1a ngay ca khi mot hé
théng bat ddu v6i phong doan ban dau kém vé trang thai ctia khi quyén, EKF
s& cung cdp udc tinh tuyén tinh tot nhat vé trang thai va hiép phuong sai cua
né. Tuy nhién, c6 han ché trong tmg dung 1a sy lan truyén sai sé duoc tinh gan
dung bang mé hinh tuyén tinh tiép tuyén giira hai budc phan tich. Do dé, néu
budc thoi gian giita hai 1an cap nhat lién tiép du dai va két hop véi cac quan sat
khéng lién tuc, n6 co6 thé dan dén udc lugng gan dung cua hiép phuong sai 16i
du béo, do d6 dan dén phan ky cua bg loc.

Nhu vay, & budc phan tich ndy thu dugc mot udc luong ban ddu méi tét
hon tir mot trang thai dy bao (hay du bao nén) va quan tric cho trude. Sau khi
thu dugc trang thai méi x“(7,) va ma tran sai sé méi P“(z,), qua trinh du bao
lai dugc lap lai cho budc ddng hoa ké tiép theo. Mot cach tom tat, loc Kalman

dugc cho bé1 minh hoa trong Hinh 2.1.

_— Quan tric

Phan tich

Hinh 2.1: Cac budc chinh dy bao va quan trac cia b loc EKF
Mic du ¢6 vu diém vuot troi so voi cac phuong phap déng héa bién phan,
loc Kalman theo phuong trinh (2.1), (2.6), (2.8), (2.9), (2.10) kh6 &p dung truc
tiép trong cac mo hinh dy bao ¢ tinh phi tuyén cao va bac tu do rat 16n. Mot
sb kho khan chinh cua bd loc Kalman & trén 1a:
- Xay dung md hinh tiép tuyén L;
- Luu trit va thao tac cac ma tran sai sd v6i s6 chiéu co kich thudc qua

16n;
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- Sai s6 noi tai ciia mod hinh Q khéng dugc biét day du.

Viéc xay dung mé hinh tiép tuyén L c6 thé duoc giai quyét bang cach st
dung mot bién thé khac cta b loc Kalman, goi la Kalman td hop (EnKF) duoc
dé xuét 1an dau boi Evensen (1994).

Luu trit va thao tic cac ma cac tran sai sé duoc khéc phuc béng cach cuc
bd hoa cac sb liéu quan tric xung quanh timg diém nat ludi (localization) hoic
d6ng hoa lan luot timg gia tri quan tric theo chudi (serial).

Trong budc phan tich cia bd loc Kalman qué trinh ban dau héa khong
duoc trinh bay mét cach cu thé. Tuy nhién, cac phan tich chi tiét cho théy trong
thuc té, bo loc Kalman da tinh dén qua trinh ban dau hoa mot cach ndi tai trong
budc dy bao. Piéu nay 1a do trong budc du bao nay, ma tran sai s6 hiép bién
nén sé& duoc tich phan theo thoi gian. Do d6, cac twong quan chéo giita cac bién
dong luc s€ dugc hiéu chinh theo thoi gian. O mot gi61 han du dai, ma tran sai
sb hiép bién nén thu duge tir bod loc nay s€ c6 kha nang phan anh dugc céac
tuong quan chéo giira cac bién dong luc va nhu vay thong tin quan tric thu
duoc cua bat ky mot bién nao cling s€ dugc cap nhat cho tat ca cac bién mo
hinh khac. Pay chinh la uu diém cta bd loc Kalman.

2.2.2. Thudgt todn ciia bé loc Kalman té hop

Theo Andrew C. Lorenc (2003) [58], Geir Evensen (2009) [34], Kiéu
Quéc Chanh (2011) [3], Kieu Quoc Chanh va cong su (2012) [25], do kha ning
phat trién mé hinh tiép tuyén va tich phan ma tran sai sé hiép bién theo thoi
gian véi mo hinh tiép tuyén 1a khong thuc té trong cac mo hinh du bao, loc
Kalman phai dugc cai tién dé co thé ap dung duoc cho cac bai toan nghiép vu.
Mot cach tiép can phé bién nhét dya trén tich phan ngiu nhién Monte-Carlo,
theo d6 mot tap cac dau vao duge tao ra xung quanh mot gid tri trudng phan
tich cho trude. Luu ¥ rang tap dau vao nay khong phai duoc ldy bat ky ma dugc

tao ra duya theo phan bd xéc suat cting nhu gié tri sai sO cua trudong phan tich
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P* tai timg thoi diém. Phan bd cua truong phan tich c¢6 dang phan bd chuan

Gauss, khi d6 tap dau vao cua truong phan tich s& phai tuan theo phan bé:

L eme) ey
P, (XY)= e’
P ( ) (27[);1/2‘})(1 172 (2.11)

trong dé: X' 1 gia tri trudng phan tich trung binh t6 hop thu duoc tir

budc phan tich cua loc Kalman. Voi mot tap K cac dau vao {X ‘ }k:1 . sinhra

tir phan bd (2.11), c¢6 thé thu duge ma tran sai s6 hiép bién du bao cho budc

thoi gian tiép theo nhu sau:

Pf

K — lkl Xf)(Xf Xf) (2.12)

trong do: X/ (tM) :M[X,‘: (ti)].

Ngoai viéc gian luoc qué trinh phét trién mé hinh tiép tuyén, cach tiép
can EnKF ¢6 mot vai wu diém ndi trdi bao gém:

- Rt bét cac tinh toan véi cac ma tran ¢ sb chiéu 16n;

- Khéng can tuyén tinh hoa mé hinh ciing nhu mé hinh lién hop (adjoint);

- Cung cap mot to hop cac nhidu ban dau t6i uu hoa cho viée du bao cac
ma tran sai s6 hi¢p bién.

Trong ph?m nay mat bién thé cu thé cua loc EnKF, goi la loc EnKF td
hop bién ddi cuc bo hoa (Local Ensemble Transform Kalman Filter - LETKF)
s€ duogc trinh bay. Pay cling chinh 1a phuong phap s€ dugc lua chon va dua vao
module dong héa WRFDA trong phan sau clia nghién ciru nay.

Mot cach co ban, loc LETKF 1a mdt phuong phap theo do tai mdi diém
nut ludi, lya chon mot 1an can md hinh véi kich thudce cho trude. Vaoi khong

gian con nay, s€ chon ra tat ca cac quan trac bén trong khong gian nay va tao ra
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mot vector quan tric 1an can riéng biét. Sau d6, str dung ma tran nhiéu to hop
nén dé bién ddi tir khong gian xac dinh boi sé diém nat luéi cuc bo sang khong
gian con xéc dinh bdi s6 thanh phan t6 hop. Diéu ndy s& lam giam dang ké khodi
luong tinh toan ma tran vi khong gian t6 hop thuong nhé hon khong gian cuc
bo rat nhiéu. Do do, cac phép todn ma tran s€ c6 do chinh xac cao hon. Pé minh
hoa thuat todn mot cach rd rang, nhéc lai réng ma tran nhiéu t6 hop nén X’/ (co

s6 chiéu N x K) dugc dinh nghia nhu sau:
X' ={x! -X'|x{ -X'|..x} - X' 0.13)

trong do
Y/ I < f
X' =—> X
Kkz_; ‘

Goi w 1a mot vector bién do6i trong khong gian to hop duoc dinh nghia

nhu sau:
xX=x +X"w (2.14)

Khi d6, ham gia trong khong gian t6 hop cuc bo s& chuyén thanh

T (w) = (k—Dw" {1—()(”)T [xrxery ] Xb} w2+ X'w]  (2.15)

trong dé: J [x” +X° w] 1a ham gia trong khong gian mo hinh.

Ham gi4 s& duoc cuc tiéu hoa néu w 1a truc giao véi khong gian con rong
cua toan tir X . Léy dao ham cua j(W) theo w va su dung: V. (de) =d ;
V. (x" Ax)=24x 53 thu dugc gid tri W 1am cyc tiéu hoa ham gid (2.15)
nhu sau:

w =P YRy —H(X
w =P (Y") V' —H|x (2.16)

trong do



y/ E[H(xif—x‘ ),H(x{—x' ), ...... ,H(x};—;fﬂ (2.17)

. -1

v P’ = [(K ~1)1+(Y') R‘lYf} (2.18)

Nhu vay, trong khéng gian t6 hop, ma tran trong s6 thu duge tir (2.6) s&

—~a

~ T i
c6dang K =P (Y / ) R™" va do d6 ma tran trong s6 K tré thanh:

—a

K=X'K=x'P'(v/) R (2.19)

Véi ma tran K thu dugc ¢ trén, gia tri trang thai phan tich trung binh td

hop tai diém nat dang quan tam s& dugc cho boi:
- = —f
X =X +K[y0—Hx } (2.20)
Ciing giéng nhu trong bd loc EnKF, nhiém vu cudi cing 12 xay dung bo

t6 hop céc trang thai phan tich. Dé 1am diéu do, luu ¥:

1 T a 1 a( va
szﬁxf(xf) i P=o—X (x°)

St dung méi quan he P* = (I —KH)P” ) vakéthop véi (2.19), thu dugc

pr=—xe(xe) =(I—Xf]3a (v') R—l)LXf (x’)

CK-1 -
U f( _p'(yrY pt f) 7\

X\ 1-P (¥) RY)(x7) (2.21)
_ ﬁ X'P’ ((ﬁ“ )1 ~(v') RY/ j(Xf )

Str dung (2.18), s€ thu duoc:

~d

xe(x*) =(K-1)x'P'(x/) 2.22)

va do do,
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g V2
X=X’ [(K—I)P } (2.23)

Qua trinh déng hoa theo b loc LETKF nhu vay c6 thé duoc tom tat nhu
sau:
- Buée 1: Tai mdi diém nit ludi, chon mot vung thé tich 1an can bao xung

quanh diém nat d6 dé xay dung ma tran nhi€u nén cuc bd

¥ :[(x{ Sl L B —5")];

- Buwéc 2: Trong mdi thé tich 1an cén, tim tat ca cac quan trac bén trong

thé tich l1an c4n ndy va xdy dyng ma trdn quan trac nhiéu nén
Y'=\H\xj —x |,H|x; —x |, H| X —x (néu H la toan tr tuyén

tinh, khi d6 Y/ = KX/). Pong thoi xay dung ma tran sai sé quan tric R ng

véi cac quan trac bén trong theé tich;

r r r .. A4
- Bwée 3: Tinh ma trin sai so hiép bién bién d6i P theo (2.18) va sau

d6 ma tran trong s6 K theo (2.19);

- Buoc 4: Cap nhat gia tri trung binh td hop cuc bd ; theo (2.20);

)

- Buéc 5: Tinh ma tran nhiéu phan tich X" theo (2.23) va cOng vao X

dé thu duoc t6 hop phan tich 1an cin méi (x” =x +X; ) :

- Buwée 6: Chon diém gilta ciia t6 hop vector phan tich 1an can XZ va gan
diém nay cho diém nat ludi chon & buéde 1;

- Bwée 7: Quay trd lai bude 1 va lap cho dén hét tat ca cac diém nut ludi.

C6 thé nhén thdy dé dang trong cac bude tinh toan ¢ phia trén rang céc
diém nut ludi khac nhau duogc thuc thi mot cach hoan toan doc lap vé1 nhau.
Pay 1a mot wu diém cia loc LETKF vi c6 thé song song hoa bo loc niy mot

cach rat hiéu qua bang cach chia cac phan cong viéc doc 1ap cho cac 1061 tinh
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toan khac nhau. Piéu nay cho phép tang tinh hiéu qua tinh toan 1én rat nhiéu va
gitp loc LETKF c¢6 dugc uu diém ma loc EKF khong c6 dugc. Vi vay, bd loc
LETKF da dugc chon dé umg dung trong viéc dong hoa sb liéu vé tinh AOD
cho hé théng mé hinh WRF-CMAQ.

2.3. Pong héa s liéu trong mé hinh WRF

Hé théng ddng hoa s lidu trong WRF ban dau dua trén hé thong 3DVAR
ctia Trung tim Nghién ctru Khi quyén thudc Pai hoc Quéc gia Pennsylvania
thé hé thir nam (MM5). Do d6, phién ban dau tién ctia thanh phan dong hoa sb
lidu WRF bao gdém thuat toan 3DVAR va vi Iy do d6, duoc dat tén 13
WRF3DVAR. Sau d6, méot so dd déng hoéa 4DVAR da duoc dua vao va tén
dugc doi thanh WRFVAR. Tuong tu nhu vay, vao nam 2008 sau khi phat hanh
phuong phap bién thé lai/tong hop (hybrid variational/ensemble method), thanh
phan nay dugc doi tén thanh WRFDA, va dugc phat trién cho dén ngay nay.

WRFDA dugc sir dung dé dua cac quan tric vao cac phan tich ndi suy
dugc tao boi Hé théng tién xtr Iy (WPS) nhung ciing c6 thé duge sir dung dé
cap nhat cac diéu kién ban dau cia mo hinh WRF khi md hinh WRF duoc chay
& ché d6 quay vong (two-way). WRFDA dua trén ki thuat dong hoa s liéu
bién thién gia ting hd tro ca phuong phap 3DVAR va 4DVAR. WRFDA ciing
c6 kha ning d6ng hoa s6 liéu hdn hop két hop cac ich lgi cia phuwong phap bién
phan véi thong tin 151 thdng ké, phu thudc vao ludng duoc cung cap boi cac du
béo tong hop.

Céc sb lieu quan trac tai cac diém quan tric mat dat cling c6 thé duoc sir
dung trong qua trinh d6ng hda, tuy nhién c6 mot s6 han ché, vi du: 1) chi c6 thé
md ta chét lugng khong khi tai mét vi tri va mdt thoi diém cu thé; 2) cac diém
quan trac khong duoc bé tri rai déu trén khu vue nghién ciru.

Muc dich ctua nghién ctru nay 1a xay dung giai phap k¥ thuat, quy trinh
tich hop s6 lidu vé tinh dé tao dugc bo sb lidu dau vao cho mé hinh CMAQ.

Két qua ctia md hinh mang tinh chit tong quat cho mot khu vuc rong tai mot
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thoi diém tirc thoi c6 tinh dén qua trinh véan chuyén, khuéch tan, bién doi hoa
hoc va lang dong, tir d6 c6 thé xac dinh dugc ngudn gy 6 nhiém.

S liéu tai cac diém quan tric theo phuong phap truyén thong phuc vu
cong tac ddi sanh véi két qua tir mo hinh.

Céc thanh phan khac nhau cua hé thdng WRFDA duoc hién thi bang mau
xanh lam trong so d6 bén dudi (Hinh 2.2), cung véi moi quan hé ciia chiing véi
phan con lai cua hé théng mé hinh WRE. Cac vong tron dugc lién két truc tiép
v6i hop WRFDA dai dién cho céac bd so liéu lién quan dén qua trinh WRFDA,
trong khi cac hop con lai twong (mg véi cac thuat toan cua hé thong ARW. Qua
trinh nay duoc st dung dé dong hoa sé 1iéu AOD tir vé tinh MODIS trong mo

phong cia ludn an.

> x."bf;

Tién xir Iy nén

(WPS, real) _,( )

Cip nhit bién duwdi |

[_ (Update_BC)  [* \l N
Xir I trirée o =
quan sit WRFDA Ci }l L:lha: hl;n bén I);J}I;;:_n
(0BSPROG) e 50) (WRF]

Dir lidu sau khing duge xir Iy bai OBSPRO(
- Rada. dirléu lrgng nwra ¢ dinh dang ASCII
- Dir liéu quan st thuomg o dinh dang Prepbufr
- Dirliéw bare xa GPSRO o dinh dang Buir

A 4

L3inén
fgen_he)

> Bl)

Hinh 2.2: Moi quan hé giita cdc thanh phan cia WRFDA véi cdc thanh phan
ciia hé thong WRF.
Trong do:
xP: du doan dau tién tir WRF trude d6 hodc tir diu ra WPS/real.exe;
x'¢: ranh gi6i bién tir dau ra WPS/real.exe;
x“: phan tich dugc cung cap boi hé thong dong hoa sb lisu WRFDA;
¥ dau ra du bao WRF;

1?: cac quan tric dugc xir 1y boi tién ich OBSPROC;
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Bo: thong ké 1561 nén tir s6 liéu BE chung (CV3) hodc “gen_be”.

R: thong ké 16i quan tric va dai dién.

Nhu c6 thé thay trong Hinh 2.2, WRFDA céan ba dau vio:

Mot du doan dau

tién x:

Quan trac y*:

Mot hi¢p phuong

sai cua 161 nén Ba:

bay thuong l1a du bao hodc phan tich tir mot moé hinh
khac dugc cung cp bai hé thong tién xir Iy (WPS), xac
dinh mién mo phong va noi suy cac truong du bao tir cac
mo hinh khéc sang mién mé phong dich. Trong ché do
chay two-way thi khong can xur Iy nén vi trudng nén x?
1a du bdo ARW ngin han dugc cung cép tir bude trudc.

S liéu quan tric c6 thé dugc cung cap bang cach str dung
tién ich tién xir Iy quan tric “obsproc”. Muc dich cta tién
ich nay 1a loai bé cac quan tric bén ngoai thoi gian va
mién khong gian da chi dinh, sip xép lai va hop nhét cac
bao céo sb lidu trung 1ap, truy XUuAt ap suét hodc do cao
dua trén thong tin quan tric s dung gia dinh thiy tinh,
thuc hién kiém soat chat lugng co ban, gan téng sai b
quan tric va phuong sai R cudi cing, dinh dang lai céc
quan trac thanh dinh dang 3DVAR.

Hiép phuong sai 15i nén dugc cung cip cung vdi tién ich
“gen_be”. Piac diém ky thuat cua hiép phuong sai 16i nén
1a rit quan trong d6i v6i phan tich cudi cung thu duoc

bdi qua trinh dong hoa.

2.3.1. Hiép phwong sai l6i nén

Ma tran hiép phuong sai 16i nén (B) 1a mot thanh phan chinh cua dong

héa dir liéu, chiing dugc st dung dé chuan doan thong ké thong so6 1i cho céc

loai hoa hoc. Sai s6 xac suat dugc cho 1a phan phdi chuan va B duoc xac dinh

cho mot tap hop gid1 han cac bién, dugc goi la cac bién ki€m soat.
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Khéng giéng nhu cac ki thuat tong hop, cac phuong phap dong hoa bién
thién khong phat trién mot cach rd rang cac hiép phuong sai 16i nén trong thoi
gian thuc. Thay vao do, s6 liéu théng ké khi hau thuong duoc udc tinh gan
dung bang cach sir dung cac nhidu tong hop hodc st dung phuong phap
“National Meteorological Center (NMC)”. Phuong phap NMC d3 duoc hau hét
cac trung tim NWP ap dung dé udc tinh hiép phuong sai du béo bang cach sir
dung su khac biét x ’ gilra cac du bao c6 gia tri tai cing mdt thoi diém.

Hé théng WRFDA bao gdm tién ich “gen_be” da dugc NCAR thiét ké
dé tinh toan cac wée tinh khi hau theo mién cu thé vé hi€p phuong sai du bao,
thay vi sir dung thong ké mic dinh duoc cung cap trong ban phat hanh. Hiép

phuong sai 16i nén dugc dinh nghia 1a:
_ T\ o A
B_E{gbgb } NE{XX } (2.24)

Trong d6 gié tri ky vong cho biét mirc trung binh theo thoi gian hodc khu
vuc dia Iy. Nén thuc sy khong xé4c dinh, do d6 ngudi ta gia dinh rang gia tri ky
vong duoc thé hién tot boi nhiéu loan trang thai mo hinh x’ vo1 x” 1a sy khac
biét gitra cac dy bao ngén han, vi du:

S

X' =X}, =X}, cho cac ung dung khu vuc dién hinh, hodc

X = X{gh — X{M, cho cac trng dung toan cau, c¢6 gia tri tai cung lac.

Ngoai ra, ddi voi phuong phap hdn hop, X; = X, —x (trong do x bidu
thi gia trj trung binh véi k = 1, . .. , k thanh phan hon hop). Ca hai phuong phap
déu co thé duoc sir dung bai tién ich gen be dé ude luong hiép phuong sai 16i
nén.

Déi voi phuong phap 3DVAR trong WRFDA, hiép phuong sai 18i nén
dugc chi dinh khong phai trong khong gian mé hinh x * ma trong bién diéu khién
v, va lién quan dén khong gian mé hinh thong qua bién d6i diéu khién U, tirc

la:
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x =Uv= UvaUhv (2.25)

voi U =U » U,U, daidién cho cac giai doan khac nhau ctia mo hinh hiép
phuong sai: turong quan ngang U, , hiép phuong sai doc U, va hiép phuong sai
da bién U ,» - Cac thanh phan ctia V duoc chon sao cho twong quan chéo sai s6
ctia chung 1a khong dang ké.

Nguoi dung c6 hai lya chon chinh dé xac dinh hiép phuong sai 16i nén
khi chay tién ich gen be, dugc goi la CV3 va CVS5. Trong CV3, cac bién diéu
khién nam trong khong gian vat 1y trong khi & CV5, chiing nam trong khong
gian bd diéu khién. Hon nita, trong CV3, tép BE (be.dat) duoc cung cip cing
v6i ma nguén WRFDA, 13 hiép phuong sai 16i chung c6 thé duoc st dung cho
bat ky mién khu vuc ndo. Mit khac, trong CV5, BE 13 hiép phuong sai phu
thudc mién, dugc tao ra thong qua tién ich gen be (sit dung ham tryc giao theo
kinh nghiém dé biéu thi hiép phuong sai doc), dua trén s6 liéu du bao hoic tong
hop tir mé phong mién.

2.3.2. Hé thong WRF-3DVAR

Phuong phap dong hoéa 3DVAR nham muyc dich tao ra mot ude tinh toi
ru vé trang thai khi quyén thuc tai thoi diém phén tich thong qua viée giam

thiéu ham chi phi (cost function) dugc quy dinh boi ham sd sau:
1 _ 1 _
J(x)=1,(x)+J(x) = E(X—xb)TB 1(x—xb)+5(y— Y)Y (E+F) (y=y")

(2.26)

Trong d6: x 13 véc to trang thai phan tich, x” 1a véc to truong nén, B 13
ma trin twong quan sai s6 trudng nén, ” 1a trudng quan tric, y 1a véc to chuyén
d6i tir trang thai khong gian mo hinh dén khong gian quan tric, E va F tuong
mg 13 ma tran twong quan sai sd quan tric va ma tran tuong quan sai sb biéu

dién.
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Nhu véy, bai toan dong hoa s liéu bién phan 3DVAR c6 thé noi ngan
gon 12 101 giai 1ap ctia phuong trinh trén dé tim trang thai dugc phan tich x sao
cho J(x) 1a nho nhat. Ngoai ra bai toan con doi hoi phai thiét 1ap dugce ma tran
tuong quan sai sb truong nén va ma tran tuong quan sai sé quan trac.

Sai sO dai dién 1a mot uéc luong vé 30 khong chinh x4c dugc dua vao
trong toan tir quan traic H duoc sir dung dé bién d6i phép phan tich diém ludi x
thanh khong gian quan trac y = H (x) dé so sanh véi cac quan trac.

Thuét toan 3DVAR 4p dung trong WRFDA 13 m6 hinh khong gian. Ddi
v6i mo6 hinh NWP dién hinh véi giai phap truc tiép n? = 10'2 1a khong kha thi
trong khung thoi gian can thiét dé déng hoéa sb liéu trong cac hoat dong du béo.
Mot giai phap thuc té trong van dé nay 1a tinh Ji(x) theo cac bién diéu khién
dugc dinh nghia 1a x” = Uv trong 6 x” = x - x” 1a sb gia phén tich. Phép bién
d6i U cho phép st dung cac ki thuat loc hiéu qua gan ding voi ma tran hiép
phuong sai 16i nén day du. Hon nita, néu U dugc thiét ké tot, san pham UUT s&
khép chit ch& véi ma tran hiép phuong sai 16i nén day du B. Chirc ning 3DVAR

xét theo gia s6 phan tich c6 thé duoc viét lai nhu sau:
1 1, o :
JW)=J,+J,= EvTv+§(y° ~HW) (E+F)"' (3" — HUv) (2.27)

trong d6 y* =" - H (x") 1a vecto méi va H 1a tuyén tinh hoa cia toan
tr quan trac H. Viéc ti thiéu hoa ham gia ting nay duogc thuc hién bang cach
str dung phuong phap gradient t6 hop tao ra cac bude phan tich x’, dugc thém
vao dy doan dau tién x” dé cung cap mot phan tich duoc cap nhat.

2.3.3. Hé thong WRF-4DVAR

Phuong phap dong hoa 4DVAR c6 mot sé wu diém so v6i phuong phap
3DVAR, cho phép cac quan trac dugc dong héa tai thoi diém quan trac cua
chung hodc trong mot khoang thoi gian cu thé. Hon nita, phuong phap dong

hoa 4DV AR xac dinh cac hi€p phuong sai dy bado phu thudc vao luu lugng va
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hau nhu c6 kha ning sir dung mé hinh du bao nhu mot rang budc dan dén mot
udc tinh phan tich dugce cai thién. Vi nhitng vu diém nay, 4DVAR da duogc
dua vao module dong hoa cia hé théng WRFDA va thuong duge sir dung trong
cac hé thong du bao. Tuy nhién trong hé théng WRFDA van c6 ca 3DVAR.
Cach tiép can 4DVAR duoc thiét ké dé tim muc ting phén tich 1am giam thiéu
ham chi phi quy dinh dugc dinh nghia 14 ham cua muc gia tdng phan tich thay
vi chinh phan tich.

Ham ctia 4DVAR c6 thé dugc xem nhu mot cip ldp 16ng nhau: vong
ngoai va vong trong. O vong ngoai, mo hinh d6 phén giai cao duoc chay va cac
cap nhat duoc tinh toan theo quy dao c6 do phan giai cao. Sau do, vong 1ap bén
trong str dung mo hinh c6 d6 phan giai thip hon da bi suy giam véi vat Iy don
gian dé thuc hién hau hét cac tich hop duogc yéu cau bai viée tdi thiéu hoa ham
gan dung. Sau d6, cap nhat c6 do phan giai thap hon dugc st dung dé diéu
chinh céc diéu kién ban dau cia mo hinh c6 do phan giai cao, dugc tich hop
thém mot 1an nita va cac cap nhat dugc tinh toéan lai theo quy dao cap nhat nay.
Trong cong thirc ndy, md hinh tuyén tinh tiép tuyén va mé hinh lién ké dugc sir
dung dé giam thiéu vong lap bén trong, trong khi sy phat trién cua 161 nén dugc
wdc tinh v6i md hinh chuyén tiép dy du. Thiét ké ADVAR, yéu cau quyét dinh
bao nhiéu vong ngoai s€ dugc thuc hi¢n va cu hinh ctia mé hinh c¢6 do phan
giai thap hon dugc str dung trong vong trong.

Ham thuat todn cia phuong phap WRF 4DV AR c6 dang:
1 _ 1 & _
J(xy)) = E(xo _xg)TB l(xo _xg)+EZ[Hi(Mi(x0))_yi]T R, 1 [Hi(Mi(xO))_yi]
i=1
(2.28)
J=J,+J,+J,

trong d6 bao gdm cac phép tinh bac hai vé khoang cach dén trudong nén

va truong quan trac. Thut ngir ham chi phi truong nén J 1a
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1 bNT p-1, . .n b
Jy == (" =x") BT (x" = x")
2
R T C e A (R RYC TR ) JEEY)

:%|:(xn_xn—l)+§(xi_xi—l :| B—1|:(xn_xn—1)+n2i(xi_xi—l :|

P i1

Ma tran hiép phuong sai sai s6 truong nén B thuong 1a mot uée luong
khi tuong. Tuy nhién, ma tran ndy ciing c6 thé dugc suy ra tir cac ude tinh phu
thudc vao du bao hoac dua trén té)ng thé. Nén x* thuong 1a mot du bao ngén
han duoc tao ra béi mot phan tich trude do. Véc to x' biéu thi phan tich khong
lién tuc sau vong lap ngoai tha i véii = I, ..., nvoinlachi sb cua lan 1ap.
Phén tich cudi cung cua 4DVAR thu dugc sau vong 1ip bén ngoai cudi cing
(thr n) dugc ky hiéu 1a X" hoac twong duong x“.

Viéc tdi thiéu hoa vong lip bén trong bat dau tir mot vecto du doan x” -7
1a vecto phan tich tir vong ldp bén ngoai méi nhat. Trong vong lap ngoai dau
tién, truong nén x? thuong duoc 1y 1am véce to du doan x? du tién. Tuy nhién,
cac vecto truong nén va vecto du doan khong duoc tron 13n trong cong thirc
tang dan, vi chung chi giéng nhau trong vong lip dau tién bén ngoai.

Thuét ngir ham chi phi quan tric J, trong (2.28), dai dién cho sé do bic
hai ctia khoang cach gitta phan tich x", thong qua mo hinh du bao Mk va toan
tir quan trac Hy, va cac quan trac yx:

1& W e n
Jo :EZ{H/{ I:Mk(x )]_yk} R {Hk I:Mk(x )}_J’k}

k=1
=%i{]—[k [Mk(x"—x"_1+x”_1)}—yk}TR_1 {Hk [Mk(x”—x”_1+x”_l)J—yk}
k=1
1 S n n—1 ' -1 n n—1
ZEkZ:[HkMk(x —X )_dki| R I:HkMk(x —X )_dki| (2.30)

1
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O day Hx va Hy 1an luot 13 cac toan tir quan trac tuyén tinh phi tuyén va
tiép tuyén, qua ctra s6 quan tric k (k = 1, K) bién d6i cac bién khi quyén tir
khong gian phan tich ludi sang khong gian quan trac. O day Mk va My 1a cac
mo hinh tuyén tinh phi tuyén va tiép tuyén, twong tmg, truyén véc to du doan
x" T va s6 gia phan tich x" - x" -/ tir ctra s6 thoi gian quan tric thir nhat dén

thtr k. O day dx 1 vecto d6i méi cho ctra s6 quan tric &
dy =y, —H, | M, (x"")] (2.31)

va R 14 ma tran hiép phuong sai ctia 18i quan tréc.

Viéce str dung cac diéu kién ban dau khong can bang thuong tao ra dao
dong véi bién o 16n hon bién do6 quan trac duoc trong tu nhién. Dé khic phuc
van dé nay, mot bo loc ky thuat s6 dugc bao gém trong 4DVAR dé loai bo cac
bién dong 16n nay trong phan tich.

Muc dich co ban cua vi¢e str dung bo loc ki thuat s6 dé khai tao 1a tinh
toan bién d6i Fourier ctia cac gia tri du bao nhiéu ban dau trong mién thoi gian
va sau do, dit hé sb cua ching béng khong. Cubi cung, cac gia tri da loc co thé
thu dugc bang cach lay bién d6i Fourier nguoc va str dung chung 1am diéu kién
ban dau cho mot du bao mai bit dau tir thdi diém 0. Trong 4DVAR, bd loc s6

trong J. c6 dang:

1 n n— L n n— !
Jc:§74/‘|:MN/2(x —-X 1)_ZfiM,'(x —X 1):| X
i=0

N
o [Mmu" —x) =Y M (= }
i=0

1 u n n— ' - > n n—
:Eydf{zgiMi('x —X 1 j| C 1|:ZgiMi(x —X 1)j| (2.32)
i=0

i=0
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O day 7 4 la trong s6 duoc gan cho sb hang J., f; 1a hé s6 cho bo loc k¥

thuat s6 va g; 1a hé s6 d sira d6i voi
—f. i=#N/2
o :{l—fi i=N/2

Ngoai ra, N 1a tong sb cac budc tich hop trén cira s6 ddng hoa. Hon nita,
df 14 trong s6 dugc gan cho s hang Je va C 1a mot ma tran duong chéo chira
cac phuong sai clia cac trudng gio, nhiét do va ap suat bé mat kho co cac gia tri
mac dinh (3m/s), (1K) va (10hPa), tuong ung.

Nhu duoc dinh nghia trong (2.28), ham 4DVAR day du duoc ciu tao
duéi dang tong cua Jp, Jo va Je. Dé tranh tinh toan trudng nén day du J, va tang
tdc thuat toan tdi thiéu hoa, phuwong phap da xac dinh mot bién d6i diéu khién
(twong tu nhu truong hgp 3DVAR gia tang)

VI =UT (X" =X (2.33)
trong d6 U dugc dinh nghia 1a B = UU”. Ap dung phép bién ddi nay cho
ham chi phi 4DVAR thu duoc gradient J'(v") = VJ(v") dbi véi bién didu khién
A

Theo 1y thuyét, trang thai phan tich nhan dwoc khi ham chi phi (2.28)
dugc toi thiéu hoa, hodc twong dwong, khi gradient bang khong. Ham giam
thiéu chi phi duoc thuc hién bang phuong phap Conjugate Gradient, viéc toi
thiéu hoa dién ra trong vong ldp bén trong ctia thuat toan 4DVAR.

Véi trang thai mo hinh nén x®, cac diéu kién bién WRFBDY hop 1€ trong
ctra s6 thoi gian phan tich, ma tran hiép phuong sai trudng nén va sai sé quan
trac twong ung B va R, ciing nhu cac quan tric dugc nhom thanh cira s6 thoi

gian K, 4DVAR s& tao ra gia trj phan tich cubi cung x".
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2.4. Ap dung ky thuat 4DVAR dé dong héa s liéu vé tinh MODIS

WRFDA dugc sir dung dé dua cac quan tric vao cac phan tich ndi suy
duoc tao bai WPS. S6 liéu quan trac thong thuong va s6 liéu quan tric vé tinh
6 thé duoc cung cép ¢ dinh dang van ban ASCII hoac dinh dang PREPBUFR
lam s6 liéu dau vao cho module WRFDA.

Po day quang hoc (OD - Optical Depth) 1a thuéc do sy truyén xa
(transmittance) cua mot cot khong khi theo chiéu thang dung trén don vi dién
tich mit cat ngang. P9 truyén xa quan hé ngugc véi OD cua khi quyén. OD 16n
nghia 14 truyén xa qua khi quyén it. Do truyén xa ctia khi quyén c6 gia trj tir 0
dén 1, trong d6 0 twong tmg v6i mot khong khi hoan toan md duc va 1 tuong
mg voi mot bau khong khi hoan toan trong sudt. OD 1a két qua cta hiéu tng
két hop cuia su tan xa va hip thu theo chiéu thang dung, giy ra chu yéu béi cac
sol khi va phan tir khong khi. OD chi do céc sol khi tao ra dugc goi 1a AOD
hoac AOT.

Muc dich ctia Luan an nay la nghién ctru déng héa sb liéu vé tinh cho hé
thong mo hinh chat lugng khong khi da qui mé (CMAQ), vi vay, san pham do
day quang hoc AOD duoc chiét suét tir s liéu vé tinh MODIS Terra va Aqua
da su dung.

2.4.1. 86 li¢u vé tinh MODIS

B6 cam bién MODIS dang hoat dong trén vé tinh Terra va Aqua co chiéu
rong tim quan trac 2.330 km va quan trac hét toan bo bé mat Trai dat ctr sau 1-
2 ngdy. Cac bd cam bién nay thu duoc 36 dai quang phd trong khoang tir
0,405um dén 14,385um, trai dai tir dai song nhin thiy dén hong ngoai, song
dai tao kha ning ung dung ctia anh MODIS trong ving pho héng ngoai song
ngin, hong ngoai song trung va hdng ngoai séng dai, vi du nhu quan trac nhiét
do ctia bé mat trai dat, nhiét d6 ciia bé mat may, cac qua trinh xay ra trén dat
lién, trong dai duong va trong bau khi quyén, thu duoc sd liéu & ba do phan giai

khong gian: 250m, 500m va 1.000m.
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Vé mat hinh hoc, anh MODIS ¢6 thé cho anh c6 do phan giai cao (250
m) voi hai kénh déu & dai song nhin thiy, con lai 5 kénh tiép theo c6 d6 phan
giai 500 m va 29 kénh tiép theo v&i d6 phan giai 1000 m. Truong nhin cua anh
MODIS 1a + 49.5°, goc nhin rong cua anh MODIS tao su khac biét gitta do
phan giai cta cic diém anh tai ria dai quét véi diém & vi tri day anh 1a khoang
3 14n va 13 vu viét so v4i mot sd loai anh khac.

Véi viée st dung kénh hong ngoai nhiét cho phép anh MODIS c6 kha
nang quan tric bé mat trai dat ca ban ngay ciing nhu dém, cing v6i do rong dai
quét 16n hon déng ké (2330 km) so v6i anh anh khac va hai may chup anh lap
dat trén v¢ tinh TERRA va AQUA, kha nang chup 1ap cua anh MODIS la tdt
hon rat nhiéu (1 dén 2 ngay). Véi viéc chup anh vao hai thoi diém trong ngay
(10 gio 30 pht voi ve tinh TERRA va 13 gio 30 phut véi vé tinh AQUA) anh
MODIS c6 thé quan tric cac thong sb moi truong trai dit vao cac thoi diém
khac nhau trong ngay ciing nhu dém. Anh MODIS véi san pham AOD quan
tric d6 day quang hoc, su phan b kich thudc cua sol khi méi truong xung
quanh trén dai duong va luc dia cho phép tai ty do trén website cuia NASA.
Hon nita, san pham AOD ciia MODIS d3 dugc nghién ctru, kiém chimg phu
hop boi nhiéu nghién ctru trén thé gidi, do d6 nghién ctru sinh d3 lya chon san
pham AOD ctia MODIS dé sir dung trong nghién ctru nay.

Cac san phém s6 liéu thu dugc tir cac cam bién MODIS md ta cac dic
diém cua dat dai, dai duong va bau khi quyén c6 thé duoc str dung dé nghién
clru cac qua trinh va xu hudng trén quy mo dia phuong dén toan cau.

Céc san pham tiéu chuan MODIS bao gdm Aerosol (MOD04/MYDO04),
Hoi nuéc (MOD/MYDO05), Pam may (MOD/MYDO06), Ho so khi quyén
(MOD/MYDO07), Miat na dam may (MOD/MYD35), Khi quyén chung
(ATML?2) va Cép 3 (MOD/MYDO8). San phadm Aerosol c6 d6 phan giai 3 km
cua MODIS giam sat cac dac tinh quang hoc cia moi truong xung quanh (vi

du: phan bd kich thudc va do day quang hoc), ndng do khéi luong, thong luong
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phan xa va truyén dan tir bang tra ctru, cling nhu dam bao chat luong va cac
thong $6 phu trg khac, trén toan cau.

Céc san pham trude d6, chi c6 mot san pham Aerosol (MODO04 L2), &
d6 phan giai 10 km, vi muc dich ban dau 1a nghién ctru khi hau va d6 phan giai
10 km hoat dong t6t cho cac phan tich toan cau. Tuy nhién, cong ddng cac nha
khoa hoc nghién ctru chat lugng khong khi da yéu cau sb liéu 6 phan giai cao
hon dé giup giai quyét chét luong khong khi ctua khu vuce do thi va khu vie 1an
can. Do d6, thuét toan aerosol Dark Target (DT) di dugc str dung dé tao ra mot
san pham aerosol voi do phan giai 3 km méi (MODO04 3K va MYDO04 3K) va
day 1a san pham cua MODIS dugc quan tdm trong nghién ctru nay.

San pham s6 liéu MODO04 3K - MODIS/Terra Aerosol 5-Min L2 Swath
3km va MYDO04 3K - MODIS/Aqua Aerosol 5-Min L2 Swath 3km duogc tai
xubng tir trang web https://modis.gsfc.nasa.gov/data/ voi dinh dang HDF
(Hierarchical Data Format - Dinh dang s6 liéu phan cip). Pay 1a mot mé hinh
s6 liéu, dinh dang tép va thu vién Input/Output (I/O) dugc thiét ké dé luu tri,
trao doi, quan 1y va luu trit sd liéu phuc tap bao gom s6 liéu khoa hoc, k¥ thuat
va vién tham.

Pé t6i da hoa pham vi quan tric trong ctra s6 thoi gian déng hoa sb licu
6 gio, san pham truy xuat AOD trén dét lién va trén bién thu duoc tir “muc tiéu
t61” (dark target) va “xanh lam dam” (deep blue) trén bé mit dat da duogc su
dung. S6 lidu MODIS lay AOD dugc cung cip & bay budce song: 470, 550, 660,
870, 1240, 1630 va 2130 nm, tuy nhién, chi c6 AOD & budc song 550 nm duogc
ddng hoa trong nghién ciru nay.

Nhu d3 trinh bay & trén, s6 liéu quan tric thong thuong va sé liéu quan
tric vé tinh c6 thé duge cung cép ¢ dinh dang van ban ASCII (dinh dang
LITTLE R) hodc dinh dang PREPBUFR Iam s6 liéu dau vao cho module
WRFDA, do vay dé thuc hién déng héa sb lisu MODIS cho md hinh WRF, s6
liéu vé tinh can duoc chuyén ddi vé dinh dang LITTLE R.
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LITTLE R la dinh dang tép quan trac dya trén ASCII va vi cac tép sb
liéu quan tric tho c6 nhiéu dinh dang co thé co (chéng han nhu ASCII, BUFR,
PREPBUFR, MADIS va HDF) nén LITTLE_R duoc thiét ké dé trg thanh mot
dinh dang trung gian d& WRFDA c6 thé dong hoa nhiéu loai quan tric nhit c6
thé theo cach phé) bién. LITTLE R la mgt dinh dang tép dua trén bdo cdo, vi
vay tat ca cac kiéu quan tric c6 thé dé dang duoc “ghép nbi” voi nhau thanh
mot tép van ban dé doc va chinh sira.

Nguoi dung c6 trach nhiém phat trién mot tién ich chuyén d6i cac quan
trac cua riéng ho sang dinh dang LITTLE R d& OBSPROC c6 thé doc chung.
UCAR khéng h tro bat ky cong cu nao dé thuc hién viéc chuyén dbi nay.

Tép LITTLE R bao gom cac bao céo, cac bao cao niy bao gdm céc ban
ghi: tiéu dé (chi tiét s lidu cu thé duoc bao céo boi loai quan tric nay), s6 liéu
chinh (duoc td chire theo cach duoge chi dinh boi cac gia tri ti€u dé) va ba sb
nguyén dudi. Cac ban ghi nay bao gom cic trudng: cic truong nay chira cac
dinh nghia cho s6 liéu duoc chi ra bdi loai quan tric nay (trong ban ghi tiéu dé)
va cac phan sd liéu riéng 1é cho mdi quan tric (trong ban ghi s6 liéu). Format
cua tép nay duoc miéu ta chi tiét tai:
https://www2.mmm.ucar.edu/wrf/users/wrfda/OnlineTutorial/Help/litler.html

2.4.2. Péng héa sé ligu AOD tir sé li¢u vé tinh MODIS

Céc sb liéu quan tric 13 mot trong nhitng tép dau vao quan trong cho
WRFDA, khong c6 sb liéu quan trac s& khong c6 dong hoa s6 lidu.

S6 lidu quan tric tai cac diém quan trac mat dat va sb liéu tir vé tinh déu
c6 thé dugc str dung trong qua trinh dong hoa, tuy nhién véi muc dich cua
nghién ctru nay, chi xem xét déng hoa ngudn sb liéu AOD 550 dugc chiét suat
tur dir ligu MODIS trén vé tinh Terra va Aqua cho mo6 hinh. S4 liéu tai cac tram
quan trac trén dia ban Ha Noi duoc st dung cho muc dich ddi sanh véi két qua

udc tinh tir mo hinh.
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MODIS su dung co chét lugng dé mo ta dd chinh xéac cua céc truy XUt
AOD. Céc co chat luong nam trong khoang tir 3 (d tin ciy cao) dén 0 (d6 tin
cdy thap hodc khong c6) dua trén chét luong va sb luong pixel dugc sir dung
trong cac thuat toan AOD, san phém duoc danh diu béng cd chat luong 2 hodc
3 méi duoc sir dung dé dong hoa. Do tin cdy thap hon c6 lién quan dén céc yéu
t6 nhu kha nang nhiém ban ciia ddm may hoic su khong dong nhat ciia moi
truong. Bat ky truy xut s liéu nao trong khoang thoi gian +/- 6 gid xung quanh
thoi gian bat dau dy bao véi co chat lugng 2 hodc 3 déu duogce sir dung.

S liéu AOD tir dit lidu vé tinh MODIS trude khi duoc dwa vao qua trinh
ddng hoa can duge xu 1y: 1) phan chia thanh cac 16p theo d6 cao cac 16p khi
tuong cia mo hinh, giai quyét dang s6 liéu AOD 1a dang téng cot; 2) chia ty 1€
d6 sang quang hoc, giai quyét van dé bién do thay d6i cua sd liéu AOD phu
hop véi ting dia phuong.

bPé gidi quyét cc van dé trén va thuc hién viéc chuyén ddi dinh dang s6
liéu vé dinh dang LITTLE R, mot ph?m mém trén nén Python 3.7 da dugc xay
dung véi cac muc dich: loai bo cac s6 liéu AOD khong nam trong mién md
phong, gan cé chat luong cho s6 lidu dat tiéu chuén, dé)ng nhét vé thudc tinh
ctia s6 liéu va chuyén d6i sang dinh dang LITTLE R lam s6 liéu dau vao cho
module WRFDA. S liéu AOD tir s liéu vé tinh dugc quy dinh ma FM-86
(SATEM) trong fortmat ctia tép LITTLE R. Sau khi thuc hién chuyén d6i, cac
s6 liéu AOD tir vé tinh MODIS duoc thé hién dudi dang LITTLE_R nhu sau:
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TOTAL = 753€, MI33. =-B6E6EE.,
IYNOE = 0, METAR = 0, SHIF = 0, BUOY = d, BOEU3 = 0, TEMF = O
AMDAR = 0, BRIREF = 0, TAMDAR= 0, PILOT = O, SATEM =  753€ BSATOB = a,
GEIEW = 0, GF3IED = 0, EF3IRE = 0, GE3IEF = d, 33MT1 = 0, 33MTZ = O
OV = 0, QICAT = 0, EROFL = 0, RIRSR = 0, OTHER = 0y
FHIC = 20.52, XLONC = 105.00, TRUEl = 15_83, [RUEZ = 20.233, XIM11 = §_00, XJM1l = 325.04,
base temp= 250.00, base_lapse= 50.00, FTOF = 1000., base_pres=100000., base tropo pres= 20000., base_strat_temp=
215,
e = 4€, JEC = 55, IFROT = 1, I = 2, MANNES= 2,
WESTI®= 2g, 20,
NESTJE= 55, 27,
FOMC = 1, 1,
DIz =  s.00, 5.00,
WESTI = Te 9,
NESTT = 7. 25,
INFO = PIATEFORM, DATE, NWAME, LEVEL3, LATITUDE, LONGITUDE, ELEVATION, ID.
SREC = 3IF, PW (DATA,QC,ERROR) .
EACH = FRES, SPEED, DIR, HEIGHT, TEM®, DEW PT, HUMID ([DAT2,(QC,ERROR)*LEVELS.
3 = (B12,1¥,21%5,1¥, 240, 1¥,16, 3 (F12.3, 11X}, €2, 240)
= [F12.2,I4,F7.2,F12.2,14,F7.2)
(2(F12.3,I4,F7.2),11¥,3(F12._23,I4,F7.2},11¥,3(F12.3,14,F7.2})
_____________________________ —f
FM-8€ SATEM 2015-01-14 02:40:08 15 23. 000 107.927
—-B6BEABH . 000 U3 umknown $£§f <£20712> instrument not sp
100000.000 0 200.00 -BEE8EE.000 —88 10.000
B5000.000 O 200.00 -BEHEEE.000 -88  2.50 -BEEEEE._000 -8B 22.00 -BEBEEE. 000 -5 12.50 —BEABHE.000 —88
12.50 -8EBEEE.000 -11  2.50 0.€10 2.0 1.00
70000.000 O 200.00 -BEBEEE.000 -8B 2.50 -BEEEEE._000 -8B 22.00 -BEEEAB.000 -5 12.50 —-BEABAE.000 —88
12.50 -BEBEEE.000 —-11  2.50 0.€10 2.0 1.00
S50000.000 O 200.00 -BEBEEE.000 -8B 2.50 —BEEEEE._000 —B8  22.00 -BBBEBE.000 -5 12.50 —BBABAE.000 —88
12.50 -BEEEEE.000 —-11  3.50 010 3.0 1.00
40000000 0 200.00 -BEEHEEE.000 -88  2.50 -BEEBEE.000 -85 22.00 -BEBEEE. 000 -5 12.50 —-BBAEEE.000 —88
12.50 -BEEEEE.000 —-11  3.50 010 3.0 1.00
30000.000 O 200.00 -BEHEEE.000 -88  2.50 -BEEEEE._000 -8 22.00 -BEBEEE. 000 -5 12.50 —BEABHE.000 —88
12.50 -BEBEEE.000 —11 .50 0.€10 2.0 1.00
25000.000 O 200.00 -BEHEEE.000 -88  2.50 -BEEEEE._000 -8B 22.00 -BEBEEE. 000 -5 12.50 —BEABHE.000 —88
12.50 -BEBEEE.000 —-11  3.50 0.€10 3.0 1.00
20000.000 O 200.00 -BEBEEE.000 -8B 2.50 —BEEEEE._000 —B8  22.00 -BBBEBE.000 -5 12.50 —BBABAE.000 —88
12.50 -BEBEEE.000 —-11  3.50 010 3.0 1.00
15000.000 O 200.00 -BEBEEE.000 -8B  2.50 —BEEBEE.000 —B8  22.00 -BBBEBE.000 -5 12.50 —BBABAE.000 —88
12.50 -BEEEEE.000 —-11  3.50 010 3.0 1.00
10000000 0 200.00 -BEHEEE.000 -88  2.50 -GEESEH.000 -85 22.00 -BEBEEE. 000 -5 12.50 —-BBAEEE.000 —88
12.50 -BEEEEE.000 —-11  3.50 010 3.0 1.00
7000.000 O 200.00 -BEHEEE.000 -88  2.50 -BEEEEE.000 -8 32.00 -BEEEAB.000 -5 12.50 —BEABAA.000 —88
12.50 -BEBEEE.000 —11 .50 0.€10 2.0 1.00
5000.000 O 200.00 -BEHEEE.000 -88  2.50 -BEEEEE.000 -8 32.00 -BEBEEE. 000 -5 12.50 —BEABHE.000 —88
12.50 -BEBEEE.000 —-11  3.50 0.€10 3.0 1.00
2000.000 O 200.00 -BEBEEE.000 -8B 2.50 -BEEEEE.000 -8B 22.00 -BBBEBE.000 -5 12.50 —BBABAE.000 —88
12.50 -BEBEEE.000 —-11  3.50 010 3.0 1.00
2000.000 0 200.00 -BEEEEE.000 -88  2.50 -HEEBEH.000 -85 22.00 -BEBEEE. 000 -5 12.50 —BEREEE.000 —88
12.50 -BEEEEE.000 —-11  3.50 010 3.0 1.00

Hinh 2.3: Dinh dang LITTLE R cua s6 liéu AOD tir vé tinh MODIS.

Chuong trinh OBSPROC (obsproc.exe) trong module WRFDA doc cac
quan tric thong thudng va sb lidu vé tinh ¢ dinh dang LITTLE_R. Muc dich
cua OBSPROC la:

- Sang loc cac quan tric thong thuong (ctra s thoi gian, mién, sao chép)
va gitr thong tin can thiét cho qué trinh dong héa WRFDA, x6a bo cac quan
tric bén ngoai cua mién khong gian mod phong (domain) va thoi gian dugce
nguoi st dung chi dinh cho mé phdng;

- Gan 18i quan tric cho mdi quan tric, thyc hién kiém soat chét lugng co
ban (kiém tra tong thé va kiém tra nhat quan);

- Sép xép va hop nhat cac bao cao co sb liéu trung 13p theo thoi gian va

khong gian;
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- Lay 4p suat hodc chiéu cao dua trén thong tin quan tric dugc bang gia
dinh thuy tinh va dua vao xu ly;

- Kiém tra cac quan tric da cap vé cac diéu kién nhat quan theo chiéu
doc;

- Chi dinh 16i quan tric dua trén tép 16i duoc chi dinh trude.

- Luu t¢p OBS da xu ly, tép nay co thé dugc st dung 1ap lai cho nhiéu
1an thir nghiém WRFDA ¢ dinh dang ASCII hoic BUFR.

Pé chuan bi s6 liéu quan trac tai thoi diém phan tich, tt ca cac quan tric
trong pham vi + 1h s& dugc xtr 1y, c6 nghia 13 cac s6 liéu quan tric trong khoang
tir trwede thoi diém phan tich 01 gior dén sau thoi diém phén tich 01 gior duoc coi
1a cac quan tric trong gio phan tich. Piéu nay duoc minh hoa trong Hinh 2.4
va Hinh 2.5.

’i)e Cira s6 thi gian —)T

21h 22h 23h Thoigianphintich  [h 2h 3h

+—1—

rinh 1

Hinh 2.4: Cira s6 thoi gian phdn tich cia OBSPROC - 3DVAR.

< Cira 56 thoi gian )T

Oh 1h 2h  Theigianphintich gy sh 6h

T T T T T T

rinh 1 rinh 2 rinh 3 rinh 4 rinh 5 rinh G rinh 7

Hinh 2.5: Cira s6 thoi gian phdn tich ciia OBSPROC - 4DVAR.
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Khi thuc hién ddng hoa nhiéu ngudn sd liéu quan tric, cic ngudn nay déu
duoc chuyén doi sang dinh dang LITTLE R va duogc ndi vao mot tép, xu ly $6
lidu quan trac va xuét tép ASCII phi hop v6i nhu ciu WRFDA - 3DVAR hoic
4DVAR. Sb liéu vé tinh AOD cling nam trong cac loai s6 liéu nay, chung la $6
liéu dang tong cot trong khi twong va quan trong nhat 13 chiing duge xir Iy theo
cac 16p khi quyén di dugc ngudi mod phong quy dinh tir budc dau tién ctia qua
trinh mo phong trong t&p namelist.wps.

Tép dau ra tir bo tién xir Iy quan tric, chuong trinh OBSPROC van 1a tép
ASCII, dé dang duoc thao tac cho cac muc dich nghién ctru cu thé, chéng han
nhu kiém tra s6 liéu diém don.

Budc cudi cung trong hé théng déng hoa s liéu cia mo hinh WRF 1a
module WRFDA (da_wrfvar.exe). Dé chay WRFDA 4DVAR, trudc tién hay
tao mot thu muc 1am viéc, bién moi truong va ngay phan tich, chinh stra cac
bién namelist.input (namelist.input.4dvar) & pht hop véi moé phong, can thiét,
lién két cac tép tiy chon WRFDA 4DVAR c6 kha ning xem xét cac diéu kién
bién nhu cac bién kiém soat cling nhu trong qué trinh t6i thiéu hoa. Bién
namelist var4d [bc phai dugc bat 1a true. Pé kich hoat tuy chon nay, WRFDA
4DVAR khéng chi can doan dau tién ¢ dau ctra s6 thoi gian, ma con 1a 1an doan
dau tién & cudi cira sb thoi gian.

Céc bién namelist quan trong nhat lién quan dén 4DVAR duoc liét ké
dudi day. Luu ¥ trong cai dat thong tin thoi gian, quy tic 1a: analy date,
time_window _min va start xxx trong &time_control phai ludn bang nhau;
time_window max va end xxx phai luén bang nhau; va run_hours 1a su khéac
biét giita start xxx va end xxx, 1a 6 dai cta cira s6 thoi gian 4DVAR.

Qua trinh md phong doc cac bién can thiét di dugc dat trong
namelist.input 1am céc théng sé dau vao va diéu kién dé truy xuat dau ra cua
mo phong. Cac budce cua qua trinh mé phdng thuc nghiém cta nghién ctru nay

dugc trinh bay chi tiét & chuong sau.



86

Tiéu két chwong 2

Phuong phép déng hoéa s liéu di duoc st dung v&i muc dich két hop céac
sb lieu quan sat va két qua mo hinh nham tao ra bd sd liéu dau vao ¢ chat
luong tot nhit, nang cao két qua du bao ctia mé hinh. K§ thuat dong hoa sb liéu
st dung b loc Kalman tb hop thuc hién song song hoa bd loc mot cach rat hiéu
qua bang cach chia cac phan cong viée doc 1ap cho cac 151 tinh toan khac nhau,
diéu nay cho phép ting tinh hiéu qua tinh toan da dugc ap dung trong hé thong
mo hinh WRF véi module dong hoa sb liéu WRFDA..

Phuong phap dong hoa 4DVAR trong WRFDA dua trén k¥ thuat dong
hoa s liéu bién thién gia ting cho phép cac quan tric duge dong hoa tai thoi
diém quan tric hoic trong mot khoang thoi gian cu thé s& duoc st dung trong
nghién ctru nay nhim dwa cac quan tric vao cac phan tich noi suy duogc tao boi
Hé thong tién xur Iy (WPS).

San pham Aerosol ¢ d6 phén giai 3 x 3 (km) caia MODIS dugc dong hoa
thong qua module WRFDA sau khi dugc phan chia cac 16p theo d0 cao cua lop
khi twong va giai quyét van dé bién do thay doi cua sb liéu phu hop véi timg
dia phuong, sang loc cac quan tric, x6a bo cac quan tric bén ngoai ctia mién
khong gian mo phong va thoi gian mo phong, gan cd chat lugng cho mdi quan
tric, sap xép va hop nhat cac sb lidu trung lap theo thoi gian va khong gian,

kiém tra cac di€u ki¢n nhat quan theo chiéu doc cia mién mo phong.
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CHUONG 3: KET QUA PONG HOA SO LIEU VE TINH
CHO HE THONG MO HINH WRF-CMAQ

3.1. Mo ta cac buéc cua qua trinh thwe nghiém

Pé tién hanh mo phong thuc nghiém hé théng mé hinh WRF-CMAQ
cung cac thu vién di dugc cai dat trén hé diéu hanh Ubuntu 16.04, két qua cai
dat la cac thu vién va thu muc lam viéc cua hé théng mo hinh WRF-CMAQ.

Sau khi thyc hién nghién ctru h¢ théng mo hinh Nghién ctru va Dy bdo
thoi tiét WRF va md hinh chét lugng khong khi da qui mé6 CMAQ, nghién ctru
nay da xay dung duoc quy trinh tién hanh cac budc thuc nghiém voi muc dich
dong hoa sb licu AOD tir vé tinh MODIS cho md hinh chat lugng khong khi
CMAQ, cu thé duoc thé hién trong Hinh 3.1.

Dir liéu quan sat

thay thé

(_ WRF Program

-
WRF-DA
- obsproc: logi bo cdc quan sdt ngoai rm'_én

mo phong, hep nh it dit ligu trimng Iip, kiém

(MODIS - AOD)

B

/

[@ MCIP
=Ticip: B xwe ly khi twong -

tra finh nhat qudn, ép quan sdt dwoc
WRFDA si dung.

a—
Dir liéu quan

- da_wrfvar: module dong héa sé liéu irong
khé thong mé hinh WRF.

Real
=Teal: khoi tgo cho div liéu
thiee 18 cho thoi gian va mién
mé phong

@ OBSGRID
=Gbsgrid: thém sé liéu quan sdt dé

sét tiéu chuin

phin .'.fc[: khdach quan cdi thién chiit
lwong so licu

lwéi nén (GFS)
A

4

"

héa hoc, tgo cic @p diu vio
cho CMAQ

ICON
~1CON: chudn bi cic diéu
kién ban diu vé héa hoc (IC)
cho CCTM

BCON

~BCON: chuiin bi cdc diéu
kign bién ban diu (BC) cho
cCT™M

P

CMAQ Program

CCTM
- CCTM: xi Iy

thinh phin hda
loc va vin chuyén

A S
———
Dirliéu 7 - -
dja hinh @ WPS POST-Processing
~geogrid: xdc dinh mién tinh (VERDI)
- ungrib: trich xwit die ligu mo hinh
’_I* - metgrid: ndi suy dir liéu thue theo
Dir ligu chiéu ngang vao mién mé phéng

Hinh 3.1: So do cdc bude thuce hién mé phong thuc nghiém
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Cu thé qua trinh bao gom:

- Buée I: thuc hién module WPS dé tao mién mé phong, dua cac dir ligu
dia hinh, dir liéu khi twong tir dir liéu ludi nén toan cau, tinh toan downscale va
ndi suy céc dir liéu vé mién mo phong.

- Buée 2: thuc hién module OBSGRID dé dua thém cac s liéu quan sat
“Upper-air” va “Surface” vé nhiét do, d6 4m va gi6 dugc cung cép boi Trung
tam Qudc gia vé Dy bao Moi truong (NCEP) két hop cung sb liéu nén vao phan
tich, loai bo cac sai sb tho, danh dau co chat lugng sb liéu theo yéu cau ctia md
hinh.

- Buée 3: thyc hién module khéi tao s6 liéu thuc hu hop vo1 thot gian va
khong gian ctia mién mo phong.

- Bwéc 4: thuc hién module da_wrfvar dé déng hoa sé liéu AOD duoc
trich xuét tir sb liéu vé tinh MODIS cho mién mé phong trén nén cac so lidu da
duge xur Iy & bude trude. Trong budc ndy cac s6 lidu nam ngoai mién mod phong
s€ duogc loai bo, hop nhét s liéu trung lap, kiém tra tinh nhat quan cua s6 liéu
nham cai thién chét luong sb liéu dau vao cho mé phong.

- Buée 5: thyc hién module MCIP nham xir 1y bo sb liéu khi tuong - hoa
hoc tir két qua ciia mé hinh WRF, chuyén d6i sang dinh dang quy dinh cho mé
hinh CMAQ.

- Buée 6: thuc hién module ICON dé khéi tao cac diéu kién ban dau cta
mién mo phong va thdi gian mo phong tir cac so lidu 1a két qua cia mo hinh
WREF.

- Bude 7: thyc hién module BCON dé khoi tao céc diéu kién bién cia
mién mo phong va thdi gian mo phong tir cac so lidu 1a két qua cia mo hinh
WREF.

- Buoc 8: thuyc hién module CCTM (CMAQ Chemistry Transport
Model), day 1a budc cubi cing cua hé théng mé hinh WRF-CMAQ nham két

hop s6 li€u tir cac budc trudce va so li¢u phat thai (trong khuon kho cua luan an,
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nghién ctru ndy st dung sb liéu phat thai toan cau duoc cung cap boi Co quan
Bao vé Moi truong Hoa Ky (EPA) vé thong sb k¥ thuat ctia cac ngudn 6 nhiém
khong khi va khi hitu co dé& bay hoi) dé tinh toan phan tmg hoa hoc, su van
chuyén céc chat trong khi quyén tao, wdc tinh ndng do ctia cac chat gay 6 nhiém
khong khi.

Trude khi tién hanh thuc nghiém, nghién ctru da xem xé&t, thu thap cac
nguén s6 liéu, diéu kién thuc nghi¢m va xac dinh mot s6 diéu kién vé khu vuc,
thoi gian, nguén s6 liéu sir dung, cu thé nhu sau:

Khu vue thuc nghiém mo phong:

Do diéu kién vé trang thiét bj khong ¢t manh dé thuc hién mé phong trén
mién rong (ca khu vuc Viét Nam) nén nghién ctru chon khu vuc Ha Noi, day
cling la mot trong mat s6 khu vue cta Viét Nam c6 tinh trang O nhiém khong
khi trong d6i cao va dic trung trong nhimg nim qua.

Khu vuce tién hanh thyc nghiém mé phong duoc xac dinh véi khu vuc
chinh (mién nest) 13 toan b dia giéi Ha Noi bao phu ngoai bién va dé dam bao
yéu cau k¥ thuat ciia mién tinh (domain va nest), mién domain dugc xac dinh
dua trén co sd ctia mién nest (khu vuc chinh - bao phu toan dia gidi Ha Noi).
Vi tri va kich thude ctia cac mién tinh duoc xac dinh véi cace thong s6 nhu sau:

+ Vitri: Toa dd goc dudi, bén trai cua domain: 19,83° va 104,42°;

Toa do goc trén, bén phai cua domain: 22,00° va 107,00°;
Toa do goc dudi, bén trai cua nest: 20,33° va 105,10°;
Toa do goc dudi, bén trai cua nest: 21,58° va 106,67°;

+ Kich thudc: Kich thudc cia mién tinh duoc tuan thu theo quy dinh véi
ty 1¢ 1a 1:3, c6 nghia 12 01 6 ludi ciia domain c6 kich thudc bang 09 6 ludi cia
nest, do vy domain c6 kich thudc 30 x 27 6 ludi, mdi 6 ludi co kich thude 9
km x 9 km; mién nest c6 kich thude 52 x 46 6 lu6i, mdi 6 ludi co kich thude 3

km x 3 km.
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-Hai' Phong

Houaphan

“Sp. Thanh Hoa

Hinh 3.2: Domain (nét mau do) va nest (nét mau vang) khu viec Ha Noi

Thoi gian tién hanh mé phong:

S6 liéu quan tric tai cic tram quan tric ma nghién ctru sinh thu thap duogc
1a 6 liéu ctia cac ndm 2015, 2017 (tai tram Nguyén Van Cir), tir 05/2017 dén
12/2017 va 2019 (tai tram Trung Yén 3 va tram Minh Khai, thang 5/2017 cac
tram nay méi duge dua vao hoat dong) véi tin xuat trung binh gio cta cac yéu
td bao gém: nhiét do, 6 am, tdc do gi6, huong gid, ap suat, birc xa, néng do
PMio, PM;5s.

Khu vuc dugc chon cho mo6 phong 1a Ha Noi, thudc mién Bic Viét Nam
(tir déo Hai Van tré ra) mang dic diém cua khi hdu nhiét déi gié muia véi 4 mia
r0 rét (Xuan - Ha - Thu - Pong), cu thé ddc diém khi hau cia 4 mua nhu sau:

- Mua Xuan (tr thang 2 dén thang 4): nhiét do trung binh khoang 15°C,
gi6é ndm va mua phiin 4m w6t khién khong khi bao hoa hoi nudc.

- Muia Heé (tir thang 5 dén thang 7): nén nhiét 1én cao hon, thoi tiét trd nén

néng hon, kho réo.
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- Mua Thu (tr thang 8 dén thang 10): nén nhiét do 6n dinh, néng nhe,
thinh thoang c6 mua rao, hinh thai phd bién 1a tanh réo kéo dai.

- Mula Dong (tir thang 11 dén thang 2 ndm sau): nhiét do vao thang 11 va
12 c6 thé xudng thap t&i 9°C, ¢ d6 4m cao.

No6i chung, khi hau cua khu vuc mé phéng co thé duoc chia lam hai mua
chinh: mua kho (tir thang 5 t61 thang 10) va mua mua (tr thdng 11 t61 thang 4
nam sau). Viéc chia lam hai mua ¢ day c6 tinh chit twong ddi, cin ctt vao thuc
trang 6 nhiém khong khi cac nam vira qua cho thay: nong d6 bui PMa s tir thang
5 dén thang 10 (mua kho: nén nhiét cao, 30 4m thép, tdc do gi6 thuong 16n, cod
mua 130, bdo - diéu kién tot dé cac chit 6 nhiém thoat 1én t?mg trén cua khi
quyén) thudng thap hon so v6i ndng do bui PMa s tir thang 11 dén thang 4 nim
sau (mua mua: nén nhiét thép, do am cao, toc do gio thép, mua phun, nho - cac
chat 6 nhiém khong c6 diéu kién thoat 1én ting trén ctia khi quyén)

Can ctr vao diéu kién khi hau, thoi tiét cia mién moé phong va két qua
tong hop s lidu quan tric dugc cung cap tir Trung tim Quan trac Moi truong,
Tong Cuc M6i truong va Chi Cuc Bao vé moi trudng, S& Tai nguyén va Moi
truong Ha Noi, thoi gian cho mo phdng trong khodng thoi gian ciia hai mua,
day ciing 1a khoang thoi gian c6 diéu kién thoi tiét on dinh, sb liéu AOD tir vé
tinh khong chiu anh hudng cua cac ddm may da duoc lya chon, cu thé nhu sau:

+ Mua mua:

Tir 00 gid ngay 16/01/2015 dén 23 gid ngay 22/01/2015;
Tir 00 gid ngay 04/02/2015 dén 23 gid ngay 11/02/2015;
Tir 00 gid ngay 05/02/2019 dén 23 gio ngay 11/02/2019.

+ Mua kho:

Tir 00 gid ngay 04/07/2017 dén 23 gid ngay 10/07/2017;
Tir 00 gid ngay 06/09/2017 dén 23 gid ngay 12/09/2017;
Tir 00 gid ngay 06/09/2019 dén 23 gid ngay 12/09/2019.
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Poi véi nam 2015: Tai thoi diém 2015, & Ha Noi va cac ving lan cén

m&i chi ¢ duy nhét 01 tram quan tric dit tai Nguyén Vian Ctr, Gia Lam do
Trung tdim Quan trac Mdi truong, Tong Cuc Méi trudng quan 1y, thu nhan cac
thong sb vé chat lwong khong khi. Thiét bi cua tram nay hoat dong ciing khong
on dinh, s6 liéu thu nhéan duge thuong co 161 hodc mét tin hiéu trong mot khoang
thoi gian (Hinh 3.3), theo d6, thang 01 va thang 02 c6 ndng do bui 12 cao nhét
trong nam.

Nguyén Van Cir - 2015
120,000

100,000

80,000

60.000

40,000

21—
0,000

0172015 0272015 | 032015 042015 052013 062015 072015 082015 092015 102015 112015 122015

pg/m3

mPM-10 mPM-2.5 mPM-1.0
Hinh 3.3: Tong hop s6 liéu quan trdc tai tram Nguyén Vin Cir nam 2015
Trong d6 khoang thoi gian tir 16/01 dén 23/01 c6 su twong d6i 6n dinh
vé ndng d6 PM,.s va tir 05/02 dén 12/02 c6 sy bién dong twong ddi 16n vé nong
d6 PM, s (Hinh 3.4), day 13 Iy do hai khoang thoi gian nay duoc chon dé tién

hanh m6 phdng cho qua trinh thyc nghiém.
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Nguyén Van Cir - Thang 01-2015
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Hinh 3.4: S6 liéu PM s thang 01, 02/2015 tai tram Nguyén Vin Cir

Doi véi nam 2017 va 2019: Bén khoang thdi gian nay Ha Noi di duoc

xay dung thém céc tram quan trac cb dinh tai Trung Yén va Minh Khai, s6 liéu
tong hop cla cc tram quan tric ndy duoc thé hién trong Hink 3.5. Bén nam
2017, tram quan trac tai Nguyén Vin Cir vin dang dugc van hanh nén nghién
ctru nay da sir dung 02 ngudn s liéu quan trac ndy cho nim 2017. P6i véi nam
2019: Chi Cuc Bao vé moi truong, S¢ Tai nguyén va M61 truong Ha No1 da tao
diéu kién cung cép s6 liéu quan tric naim 2017, 2019 vi vy thoi diém nam 2019
da duoc lua chon dé tién hanh thuc nghi¢ém mo phdng.

Sau khi xem xét cac 6 liéu da thu thap dugc trong nam 2015 va 2017 tai
tram Nguyén Vian Cir, nghién ctru sinh da nhan thay c6 nhiing khoang thoi gian
khong c6 s6 lidu quan tric vé ndng do bui PMas (vi du: dau thang 01/2015; vai
ngay cudi thang 3/2015; tir 14/4 dén 31/7/2015; mot sb ngdy thang 02/2017;
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cudi thang 7/2017, dau thang 8/2017). Trong khi d6, s6 liéu quan tric tai cac
tram Trung Yén va Minh Khai (bat ddu hoat dong quan trac tir 01/5/2017)
khong c6 tinh trang nhu tai tram Nguyén Vin Cir.

Do vay, thiét bi quan tric néng do bui cua tram Trung Yén va Minh Khai
hoat dong on dinh hon thiét bi quan tric néng do bui cua tram Nguyén Van Cu
va sb liéu quan trac n6ng d6 bui tai tram Nguyén Vin Ctr ciia nim 2019 khong
duoc lua chon cho mo6 phéng.

Ciing theo quan diém xem xét s6 liéu nhu dbi véi nam 2015, thoi gian
duoc chon dé tién hanh moé phong cho nam 2017, 2019 dugc xac dinh nhu phan

trén.
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Trung Yén - 07-2017
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Trung Yén - 02/2019
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Hinh 3.5: T 5ng hop s6 liéu quan trdc tai cdc tram cé dinh nam 2017, 2019
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- Nguon sé liéu sir dung:

S liéu dugc st dung cho mo phong trong nghién ctru ndy bao gdm ba
ngudn chi yéu nhu sau:

+ 86 liéu khi trong: dugc cung cip mién phi boi Cuc quan 1y Pai duong
va Khi quyén Quéc gia My. Ngudn sb liéu khi trong toan cau nay duge st dung
lam dau vao cho mo hinh, dudi ddy 1a cac ngudn sd liéu thudng duge sir dung:

Global Data Assimilation System (GDAS): GDAS la dang sb liu da

duogc dong hoa, dugc sir dung 1am cd dau vao va dau ra cho mo hinh so.

Global Ensemble Forecast System (GEFS): GEFS la mo hinh du bao thoi

tiét toan cau dugc xay dung tir 21 thanh phan riéng biét hodc 1a su to hop tir cac
thanh phﬁn. GEFS duoc str dung dé dinh lugng tinh khong chic chin cua du
bao. San pham ctia GEFS tao ra 4 1an mot ngay véi thoi han dy bao 1én dén 16
ngay.

Global Forecast System (GFS): GFS 12 mé hinh két hop kiéu "coupled",
cac thanh phﬁn cua GFS duogc hinh thanh tir 4 mo hinh khac nhau, cac hé théng

mo hinh nay hoat dong cung mot luc dé tao ra hang chuc bién khi quyén va dat
tur nhiét do, gi6é va lugng mua dén d6 4m cua dit va néng do 6zo6n trong khi
quyén chinh xac nhit. Quy mé ctuia GFS bao phu tir toan cau téi d6 phan giai

ngang la 28 km.

Climate Forecast System (CFS): CFS cung cip cac diéu kién dé du bao
nghiép vu va dy bao mua. Thoi han du béo 1én dén 9 thang.

North American Mesoscale (NAM): NAM 1la mé hinh dyu bao thai tiét

khu vire v6i mién tinh bao phu toan bd Bic My cho dén cac quy mo c6 do phan
giai ngang 14 12 km. Cac tham sé déu duoc dua vao ludi ciia mo hinh NAM, tir
nhiét 46, lugng mua téi déng sét va cac nhidu dong khac trong khi quyén.

Rapid Refresh (RAP): RAP 13 mé hinh dy bao thoi tiét khu vuc Bic M.

Mién tinh cia RAP bao gébm céc 6 ludi khong dong déu véi do phan giai khac

nhau nhung quy mé van bao phti hoan toan Bic My. RAP tao ra cic san pham
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du bao hang gid voi han du bao 1én dén 18 gid. Mo hinh RAP duoc thay thé
bo1 mo6 hinh RUC (Rapid Update Cycle) tir ngay 1 thang 5 nam 2012.

Navy Operational Global Atmospheric Prediction System (NOGAPS):
NOGAPS 1a s liéu tai phan tich, voi do phan giai cua bo sb liéu 13 0.5 do kinh

viva 1 d6 kinh vi.

Ngoai cac ngudn sb lidu vé khi tugng ké trén, & Viét Nam noi chung va
mién Bic noi riéng cling c6 cac tram quan trac khi twong. Tuy nhién, sb liéu
mang tinh chét cuc bo, & dang diém, mat d6 cac tram quan tric tai thanh phé
Ha Noi rat thua, phan bd khong déu va sd liéu quan trac khi twong chua du, vi
du: gi6 hién nay chi co s6 liéu tram Ha Dong, tram Lang hién dang bi thay doi
vi phét trién d6 thi, nhiéu nha cao tang xung quanh. Mt khac, s6 liéu GFS dugc
st dung trong luan an co san tir nhiét do, gi6 va lugng mua dén do Am cua dat
va ndng d6 6z6n trong khi quyén & do phan giai ngang co sé 1a 28 km giita cac
diém ludi, duoc xay dung voi su két hop bon mé hinh riéng biét (mé hinh khi
quyén, m6 hinh dai duong, mé hinh dat va mé hinh bang bién) dap tng tot cho
yéu cau mo phong.

Do vay, trong nghién ctru nay, ngué)n s6 liéu GFS duogc chon 1am sb liéu
nén khi tuong dau vao cho hé thong moé hinh WRF dé thuc hién mo phong.
Mién mé phong va ngudn sb liéu dau vao duoc xac dinh bang cach sir dung
thong tin dugc chi dinh bang cac thong sb trong file namelist.wps cuia WPS.

+ S6 liéu vé tinh: nhu da trinh bay o trén, san phém AOD dugc trich xuét
tir s6 liéu vé tinh MODIS Aqua/Terra Aerosol 5-Min L2 Swath 3 km duoc cung
cip mién phi tai https://ladsweb.modaps.cosdis.nasa.gov/, s6 liéu vé tinh duoc
download theo thoi gian da dugc xac dinh va dugc xur Iy nhu trén muc 2.2.1
trude khi sir dung cho qua trinh dong hoa.

+ 86 liéu phat thai: Trén thuc té, Viét Nam chua xay dung dugc bo )
lidu phat thai theo diing yéu cau ciia mo hinh CMAQ cho toan khu vuc (bao

gdm ca cac nudc lan can nhu Lao, Campuchia). Mat khac, muc dich chinh cua
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luan 4an 1a danh gia tac dong cua viéc dong hoa sb lidu vé tinh cho mo hinh
CMAQ nén bd s6 liéu phat thai toan cau do MY xay dung da duogc lya chon lam
dau vao cho mé hinh CMAQ dé thyc hién cho mé phong tai khu vuc Ha Noi.

S liéu phat thai nay 1a sb liéu lugng phat thai dang luéi hang gio theo
khu vue, luu trix vé s6 1iéu sinh hoc cta cac ngué)n 6 nhiém khong khi dang hat,
cc chat 6 nhiém ddc hai va khi hitu co dé bay hoi dugc sir dung dé: 1) tao ra
cac kiém ké phat thai cu thé dbi voi khoi mu khu vue, cac hat bui c6 duong
kinh khi dong hoc nhé hon 2,5 um (PM, 5); 2) wdc tinh lwong phét thai 6 nhiém
khong khi nguy hiém va doc hai tir PM va khi thai hitu co so cap.

Tuy nhién, ngudn sb liéu ndy co6 d6 phan giai vé mat khong gian chua
hoan toan pht hop véi mo phong & quy mé khu vuc, chua chi tiét va chinh xac
khi ap dung cho khu vuc Ha No1i, do do, sb liéu phat thai nay da duogc xur ly
downscale xudng quy mé cho khu vie Ha Ni trude khi sir dung cho mé phong
cua nghién ctru.

Cic buéc tién hanh mé phong:

Céc buéi tién hanh mo phong va dong hoa s6 liéu tuan thi theo cac budc
thuc hién moé phdéng duoc thé hién trong Hinh 3.1 trén hé théng mo hinh WREF-
CMAQ thong qua tién ich chuyén d6i MCIP duoc phat hanh kém theo g6i ma
ngudn ciia CMAQ.

Nhu da trinh bay & muc 2.3.2, s6 liéu AOD tir dit liéu vé tinh MODIS
trudce khi duoc dua vao qua trinh dong hoa da duoc xir Iy. Két qua trich xuat so
liéu AOD tur dit liéu vé tinh MODIS dugc the hién nhu Hinh 3.6 dén Hinh 3.11.
S6 liéu AOD sir dung trong qué trinh dong hoa dugc dinh dang LITTLE R,
nghién ctru ndy da xay dung mot phan mém trén nén Python 3.7 véi cac muc
dich: loai bo cac sd liéu AOD khéng nam trong mién mo phong, gan cd chat
lugng cho s6 liéu dat tiéu chuén, déng nhat vé thudc tinh cta sd liéu va chuyén

d6i sang dinh dang LITTLE_R 1am s6 liéu dau vao cho module WRFDA.
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Hinh 3.6: Anh MODIS 3K ngay 01/01/2015 (bén trdi) va sé liéu AOD ciia
anh (bén phai)
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Hinh 3.7: Anh MODIS 3K ngay 14/01/2015 (bén trdi) va sé liéu AOD ciia
anh (bén phai)
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Hinh 3.8: Anh MODIS 3K ngay 16/01/2015 (bén trdi) va sé liéu AOD ciia
anh (bén phdai)

MODO04_3K.A2015195.0400.061.2017321183329

Optical Depth_Land_And Ocean
25°N T

S A ol
(ﬁ ':J‘:‘I :: 2.5
I
20°N 2.0
et ;
15°N L5 2
% <1
1.0
10°N .
o
b d
* 0.5
_in »:
G,
5°N
90°E 95°E 100°E  105°E  110°E

Hinh 3.9: Anh MODIS 3K ngay 14/07/2015 (bén trdi) va sé liéu AOD ciia
anh (bén phai)
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Hinh 3.10: Anh MODIS 3K ngay 13/07/2015 (bén trdi) va sé liéu AOD ciia
anh (bén phai)
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Hinh 3.11: Anh MODIS 3K ngay 10/08/2015 (bén trdi) va sé liéu AOD ciia
anh (bén phai)
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Chi tiét cac budc tién hanh mo phong thuc nghiém dugc trinh bay tai
phﬁn phu luc cia luan an.

3.2. Két qua mé phong thue nghiém

Sau khi tién hanh thuc nghiém mé phong véi cac diéu kién va quy trinh
nhu d3 trinh bay ¢ phan trén, két qua thu dugc 1a cac file hinh anh thé hién néng
dd bui PM25 dugce trich xuat dudi dang anh png, cu thé két qua xem & phﬁn phu
luc.

Dua trén cach xac dinh cac khoang thoi gian nhu ¢ trang 91, két qua cua
mo phong thuc nghiém cho khu vue Ha Noi va cac ving 1an can dugc thé hién
theo cac khoang thoi gian, cu thé nhu sau:

3.2.1. Két qud mé phéng vio mia mwa

Thoi gian mo phong thuc nghiém vao mua mua bao gom:

- T 00 gio ngay 16/01/2015 dén 23 gio ngay 22/01/2015;

- T 00 gio ngay 04/02/2015 dén 23 gio ngay 11/02/2015;

- Tt 00 gio ngay 05/02/2019 dén 23 gio ngay 11/02/2019.

Duéi day 1a két qua mo phong duoc thé hién ¢ dang do thi so sanh trudc
va sau khi dong héa véi ndng d6 PMa s dugc quan tric tai cac tram Nguyén
Vin Ctr, Trung Yén va Minh Khai, dong thoi 1a két qua hdi quy ndng do PMa s

tir tram quan trac va mo hinh CMAQ trude va sau khi dong hoa.
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TRAM NGUYEN VAN CU - 01/2015
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Hinh 3.12: Twong quan, két qua hoi quy nong dé PM.s tir tram quan trdc va mé hinh CMAQ truéce va sau khi dong héa
tir 00 gio ngay 16/01/2015 dén 23 gio ngay 22/01/2015 tai tram Nguyén Vin Cir
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TRAM NGUYEN VAN CU - 02/2015
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Hinh 3.13: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 05/02/2015 dén 23 gio ngay 11/02/2015 tai tram Nguyén Vin Cir
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S6 liéu quan tric ndng do PMas tai tram Nguyén Vian Cur (QT), trude
(BF) va sau ddong hoa (AF) tir 00 gio ngay 16/01/2015 dén 23 gid ngay
22/01/2015 va tir 00 gio ngay 05/02/2015 dén 23 gio ngay 11/02/2015 dugc
tong hop va thé hién ¢ phan Phy luc.

Két qua ndng d6 PM2 s tir mo hinh CMAQ dugc xac dinh ¢ d6 cao khoang
20 mét so v6i mat dit duoc xac dinh trong qua trinh khaoi tao sb liéu thuc &
budc trén.

Trén biéu do thé hién su twong quan ndng d6 PMa s tir tram quan tric va
két qua wdc tinh tir mé hinh CMAQ trude va sau khi ddng hoa chung ta nhan
thay: khi do 4m trong khong khi & mirc thap thi nong d6 PMa s 1a tuong ddi cao
trong khodng thoi gian thang 1 va thang 2 trong nam.

Két qua hdi quy da thé hién mdi twong quan giita ndng d6 PMa s trude va
sau khi d6ng hoa v6i ndng dd PMo s tai tram quan trac Nguyén Vian Ctr da duoc
cai thién (R? tir 0,929 1én 0,938 ddi vai thoi gian thang 01/2015 va tir 0,964 1én
0,967 d6i vé6i thang 02/2015). Nong dd PMa.s sau khi dong hoa co giai bién
dong tot hon (gan vai s6 liéu tai tram quan tric) so véi trude khi dong hoa.

Trong thoi gian m6 phong cila thang 01 va thang 02/2015, ndong do PMz s
tai tram quan tric va két qua dir liéu mo phong tir mé hinh trudc va sau khi
déng héa véi sb liéu AOD tir vé tinh MODIS ¢6 su tuong dé)ng voi sb lidu do
am thu nhan duoc tir tram quan tric (s6 liéu c6 mau vang trong Hinh 3.12 va
Hinh 3.13).

Két qua ndng do PMa.s tir mo hinh (cé trude va sau khi dong hoa) ciing
thé hién tot sy twong quan véi thoi gian thyuc té: trong khoang thoi gian cao
diém vé giao thong (khoang tir 16 gio dén 22 gio), nong d6 PMz s ting dan. Tuy
nhién, két qua mo phong ndong @6 PMa s tir mo hinh c¢6 d6 tré so voi s6 liéu quan

trac, di€u nay thé hi¢én qua trinh van chuyén cac chat 6 nhiém (trong do6 cé
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PMb> ) tir 6 cao ciia tram quan tric khoang dudi 15 mét 1én dén 16p dau tién
cua mod hinh dugc quy dinh & mtrc khoang 22 mét.

Tir su twong quan & Hinh 3.12 va Hinh 3.13, ching ta ciing nhan thiy
rang, khi d6 am & muc cao thi ndng d6 ctia PMas cling & muic cao. Trong
khoang thoi gian cia mo phong nay la thoi gian thuong xay ra hién tugng may
mu do déac trung thoi tiét cta khu vuc, diéu nay ngan can sy van chuyén cac
chat 6 nhiém lén tang cao cua khi quyén, tao ra ndong do PMa s & tang thap ting
cao.

Ciing tir sy twong quan & Hinh 3.12 va Hinh 3.13, chting ta nhan thay sb
lidu sau khi dong héa ciia thoi gian mo phong mang tinh chat tuyén tinh tét hon,
khéng c6 truong dot bién nhu sé liéu quan trac (vi du: tir 05 - 08 gid ngay 16/01,
15 gio ngay 17/01, 05 gid ngay 19/01, 05 gio ngay 05/02, 00 gio ngay 09/02,
01 gio ngay 11/02 va mot sb gio khac). Mt khac, gia tri hoi quy cao & mirc 0,9
thé hién sb liéu quan tric 1a 6n dinh va twrong d6i tot.

Ngoai ra, s6 liéu quan tric tai tram ciing c6 mot s6 thoi diém khong hop
1y (tang vot hodc giam dot ngdt), diéu nay thé hién s liéu quan tric tai thoi

diém doé gap su co.
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TRAM TRUNG YEN - 02/2019
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Hinh 3.14: Twong quan, két qua hoi quy nong dé PM.s tir tram quan trdc va mé hinh CMAQ trudc va sau khi dong héa
tir 00 gio ngay 05/02/2019 dén 23 gio ngay 11/02/2019 tai tram Trung Yén
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TRAM MINH KHALI - 02/2019
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Hinh 3.15: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 05/02/2019 dén 23 gio ngay 11/02/2019 tai tram Minh Khai
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S liéu quan tric ndng do PMz s tai tram Trung Yén va tram Minh Khai
(QT), truée (BF) va sau dong hoa (AF) tir 00 gid ngay 05/02/2019 dén 23 gid
ngay 11/02/2019 duoc tong hop va thé hién ¢ phan Phu luc.

Két qua udc tinh nong d6 PM> s tir mod hinh sau khi dong hoa ciing cho
thdy mdi twong quan da duoc cai thién dang ké tai ca hai tram quan tric, R
tang tur 0,840 1én 0,876 tai tram Trung Yén va tur 0,833 1én 0,857 tai tram Minh
Khai vao thang 02/2019.

Két qua nay da thé hién rd, cho théy su ¢ mat cua cac quan trac tir vé
tinh (nghia 13 cac gid tri AOD tir s6 liéu vién thAm MODIS) di dugc xem xét,
tich hop, dong hoa va tinh toan trong qué trinh moé phong.

Sau khi xem xét, so sanh két qua mé phong wéc tinh ndng d6 PMa s trude
va sau khi dong hoa trong thoi gian thuc hién mo phong vao mia mua cua cic
nam 2015 va 2019, két qua nghién ctru di thé rd sd liéu d6 sau quang hoc AOD
d3 dugc ddng hoa trong két qua mo phong, hoan toan thdng nhat voi diéu kién
thoi tiét, khi hau va co tac dong tich cuc dén két qua udc tinh né)ng do PMus.

3.2.2. Két qud mé phong vao mia kho

Thoi gian md phong thuc nghiém vao mua kho bao gdbm:

- T 00 gio ngay 04/07/2017 dén 23 gio ngay 10/07/2017;

- Tr 00 gioy ngay 06/09/2017 dén 23 gio ngay 12/09/2017;

- T 00 gio ngay 06/09/2019 dén 23 gio ngay 12/09/2019.

Dudi day 1a két qua md phéng dugc thé hién & dang dd thi so sanh trudc
va sau khi dong hoéa v6i nong d6 PMa s duge quan trac tai cac tram Nguyén
Vin Ctr, Trung Yén va Minh Khai, dong thoi 1a két qua hdi quy ndng do PMa s

tir tram quan trac va mo hinh CMAQ trude va sau khi déng hoa.
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TRAM NGUYEN VAN CU - 07/2017
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Hinh 3.16: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 04/07/2017 dén 23 gio ngay 10/07/2017 tai tram Nguyén Vin Cir



112

TRAM NGUYEN VAN CU - 09/2017
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Hinh 3.17: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017 tai tram Nguyén Vin Cir
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S6 liéu quan tric ndng do PMas tai tram Nguyén Vian Cur (QT), trude
(BF) va sau ddong hoa (AF) tir 00 gio ngay 04/07/2017 dén 23 gid ngay
10/07/2017 va tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017 dugc
tong hop va thé hién ¢ phan Phy luc.

Két qua hdi quy da thé hién mdi twong quan giita ndng d6 PMa s trude va
sau khi dong héa v6i ndng do PMa s tai tram quan trac Nguyén Vian Cir di duoc
cai thién (R? tir 0,803 1én 0,829 d6i vé6i thang 07/2017 va tir 0,915 1én 0,917 ddi
v6i thang 09/2017). Nong do PMas sau khi dong hoa twong dong vai sb lidu
quan tric tai tram va khong c¢6 tinh trang dot bién nhu sb liéu quan trac, diéu
nay chtng to két qua tir md hinh di loai bo duoc céc sai s6 thd nhu trong sb
liu quan tric truyén thong.

Ciing twong ty nhu mo phong cua nim 2015, sb liéu sau khi dong hoa
ctia thoi gian mo phong mang tinh chat tuyén tinh tét hon, khong cé truong dot
bién nhu s6 liéu quan trac. Mat khéc, gia tri hdi quy cao & muc 0,8 - 0,9 thé
hién s liéu quan tric 1 6n dinh va twong ddi tot.

Trong thoi gian mo phong ciia thang 07/2017 va thang 09/2017, ndng do
PM s tai tram quan trac va két qua dir liéu mo phong tir mé hinh trude va sau
khi déng héa véi s liéu AOD tir vé tinh MODIS ¢6 su tuong dong véi sd lidu
nhiét d6 thu nhan duoc tir tram quan tric (s liéu c6 mau vang trong Hinh 3.16
va Hinh 3.17).

Két qua ndng do PMa.s tir mo hinh (ca trude va sau khi dong hoa) ciing
thé hién t6t sy twong quan véi thoi gian thuc té: trong khoang thoi gian cao
diém vé giao thong (khoang tir 07 gidr dén 10 gior va tir 16 gid dén 22 gid hang
ngay), ndng do PMa s ting dan. Tuong dong voi két qua mo phong dbi véi thoi
gian thang 01 va thang 02 nam 2015, két qua md phong ndong dd PMa s tir md
hinh c6 d¢ tré so véi s6 liéu quan tric, diéu nay thé hién qua trinh van chuyén

cac chat 6 nhiém tir d0 cao cua tram quan trac 1én dén 16p dau tién cia mo hinh.
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Péi v6i thoi gian ciia md phong nay, tai tram Nguyén Van Cir khong co
sb liéu do am, thay vao do la s6 liéu vé nhiét do. Trong khoang thoi gian cua
mo phong nay 14 thoi gian mua hé, co nhiét do twong ddi cao, do d6, nong do
PM2s ¢6 xu hudng giam xudng thap hon thoi diém thang 01 va thang 02 cua
nam do su van chuyén céac chat 6 nhiém 1én ting cao ctia khi quyén tot hon, tao
ra ndng d6 PMa.s & tang thap co gid tri twong ddi thap.

Trong khoing thoi gian mo phong thang 7 va thang 9 ndm 2017 cling
xuét hién mot vai thoi diém sb lidu quan tric néng do PMz s tai tram cling c6
su thay dbi dot ngot, diéu nay thé hién sd liéu quan trac tai thoi diém do gap su

7
A

CO.
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TRAM TRUNG YEN - 07/2017
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Hinh 3.18: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 04/07/2017 dén 23 gio ngay 10/07/2017 tai tram Trung Yén
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TRAM TRUNG YEN - 09/2017
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Hinh 3.19: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017 tai tram Trung Yén
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TRAM MINH KHAI - 07/2017
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Hinh 3.20: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 04/07/2017 dén 23 gio ngay 11/07/2017 tai tram Minh Khai
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TRAM MINH KHAI - 09/2017
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Hinh 3.21: Twong quan, két qua hoi quy nong dé PM. s tir tram quan tric va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017 tai tram Minh Khai
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S6 liéu quan tric né)ng do PM; s tai tram Trung Yén va tram Minh Khai
(QT), trude (BF) va sau dong hoa (AF) tir 00 gid ngay 04/07/2017 dén 23 gid
ngay 10/07/2017 va tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017
duoc téng hop va thé hién & phﬁn Phu luc.

Ca hai tram quan trac Trung Yén va Minh Khai déu bat dau van hanh tir
thang 5 nam 2017, do d6 sb liéu quan tric vao thoi diém thang 7/2017 c6 thé
chua 6n dinh, dén thang 9/2017, s6 liéu thé hién c6 sy 6n dinh hon. S6 liéu
ndéng d6 PMz s tai cac tram quan tric xuat hién nhiing bat thuong, cu thé:

+ Tir 00 gio 04/07/2017 dén 23 gio ngay 10/07/2017 tai tram Trung Yén
va tir 00 gid 04/07/2017 dén 23 gid ngay 11/07/2017 tai tram Minh Khai da s6
1a bat thuong, khong 6n dinh;

+ Tai tram Trung Yén: tir 08 gid dén 18 gid ngay 06/09/2017, tix 07 gioy
dén 14 gio ngay 09/09/2017;

Diéu nay ciing mot phan giai thich cho sy twong quan hdi quy giita nong
do PM2 5 trudc va sau khi déng hoa voi néng do PMz s tai tram quan tric & muc
thap:

+ Tai tram Trung Yén 07/2017 trudc khi dong hoa cé R? = 0,368 va sau
khi dong héa R? = 0,431;

+ Tai tram Minh Khai 07/2017 truéc khi dé)ng hoéa c6 R? = 0,565 va sau
khi dong héa R? = 0,598;

+ Tai tram Minh Khai 09/2017 trudc khi dong héa c6 R? = 0,577 va sau
khi dong hoa R? = 0,596;

Trong khi d6, tai tram Nguyén Vian Cur, sb liéu quan tric twong dbi tot
nén hé sb twong quan hoi quy ciing thé hién rd rét R? = 0,803 ddi voi ndng do
trudc khi dong hoa va R? = 0,829 sau khi dong hoa trong khoang thoi gian mo
phong cua thang 07/2017.
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Trong thoi gian ciia md phong nay, tai tram Trung Yén va tram Minh
Khai két qua ndng d6 PMa s tir mo hinh (ca trude va sau khi dong hoa) ciing thé
hién su twong quan tbt véi s liéu quan tric.

Tuong dong voi két qua mo phong d6i véi thoi gian thang 07 va thang
09 nam 2017 tai tram Nguyén Vin Ctr, két qua mé phong néng do PMa s tir mo
hinh ¢6 do tré so véi sb lidu quan tric.

Két qua nong dd PM2 s sau khi dong héa s6 liéu AOD duoc trich xuat tir
dir liéu vé tinh MODIS d4 thé hién rd nét su tac dong tich cuc dén sy udc tinh
ndéng do PMba s trén toan khu vuc mé phong. Diéu nay rat co y nghia trong viéc
udc tinh ndng d6 PMa s cho nhitng khu vuc chua ¢6 tram quan tric, ngoai ra
con c6 thé str dung két qua nay trong viéc xem xét tong quét cho sd liéu tai cac

tram quan trac.
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TRAM TRUNG YEN - 09/2019
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Hinh 3.22: Twong quan, két qua hoi quy nong dé PM. s tir tram quan tric va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 06/09/2019 dén 23 gio ngay 12/09/2019 tai tram Trung Yén
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TRAM MINH KHATI - 09/2019
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Hinh 3.23: Twong quan, két qua hoi quy nong dé PM. s tir tram quan trdc va mé hinh CMAQ truée va sau khi dong héa
tir 00 gio ngay 06/09/2019 dén 23 gio ngay 12/09/2019 tai tram Minh Khai
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Sé liéu quan trac n(‘A)ng do PMz s tai tram Trung Yén va tram Minh Khai
(QT), trude (BF) va sau dong hoa (AF) tir 00 gid ngay 06/09/2019 dén 23 gid
ngay 12/09/2019 duoc tong hop va thé hién ¢ phan Phu luc.

Két qua wdc tinh ndng d PMa s tir md hinh sau khi déng héa ciing cho
thdy mdi twong quan dd dugc cai thién dang ké tai ca hai tram quan tric Trung
Yén va Minh Khai, R? tir 0,922 1én 0,939 tai tram Trung Yén va tir 0,907 1én
0,954 tai tram Minh Khai vao thang 09 nam 2019.

Két qua nay da thé hién rd, cho théy sy ¢cd mat cuia cac quan trac tir vé
tinh (nghia 13 cac gid tri AOD tir s6 liéu vién thAm MODIS) di dugc xem xét,
tich hop, dong hoa va tinh toan trong qué trinh moé phong.

Sau khi xem xét, so sanh két qua mo phong wdc tinh ndng d6 PMaz s trude
va sau khi dong hoa trong thoi gian thuc hién md phong cua cac nam 2015,
2017 va 2019, két qua nghién ctru da thé rd s6 liéu do sau quang hoc AOD d3
dugc dong hoa trong két qua mo phong, hoan toan thdng nhat véi didu kién thoi
tiét, khi hau theo ting mua va cé tac dong tich cuc dén két qua udc tinh nong
do PMzs.

Sau khi thyc hién mé phong thanh cong voi sb liéu do sdu quang hoc
AOD d3 dugc dong hoa trong hé thong mé hinh WRF-CMAQ, két qua udce tinh
néng do PMas tir hé thong mod hinh duge trich xuat va thuc hién so sanh hoi
quy cung sb liéu ndng 46 PMa s tir cac tram quan tric Nguyén Van Cur, Trung
Yén va Minh Khai. Két qua sau khi chay ham hdi quy tuyén tinh d& phan anh
su mé rong cua quan hé tuyén tinh gitta hai tap dir liéu, nghién ctru di rat ra
mdt sd két luan, cu thé nhu sau:

- Su dong hoéa cua sd lidu vé tinh AOD d3 dugc chimg minh 13 hitu ich,
giai quyét viéc cai thién két qua udc tinh ndng d6 PMa s noi riéng va céac trudng
néng dd hoa hoc néi chung. Su két hop ctia viéc st dung s6 liéu vé tinh MODIS

cung cip do bao phu khong gian tot nhung véi do phan giai thoi gian han ché
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(04 14n sd liéu mét ngay) nén vi¢c déng héa sb liéu ciia nhiéu loai vé tinh cling
can dugc xem xét.

- Khi ¢6 nhiéu s6 liéu hoa hoc hon, viéc dong hoa cac tap sb liéu 16n tir
cac ngué)n khac nhau (vi du, s6 liéu vé tinh va trén mit dét) vao CMAQ co thé
dan dén nhimg thach thirc méi trong viéc phat trién cic quy trinh dong hoa sb
liéu toi wu va hiéu qua. Tuy nhién, vi¢c déng héa nhiéu loai sb liéu khong chi
mang lai 1oi ich cho bién mé hinh twong tng truc tiép véi sb liéu duge dong
héa ma con cac bién mo hinh khac chiu anh hudng thong qua céc twong tac hoa
hoc khi tuong.

- Két qua ddng hoa sd liéu cho thdy nhiéu kha ning trong linh vuc nay
dan dén nhiing cai tién khong chi cho du bao héa hoc khi quyén, ma con cho
du bao thoi tiét.

- MODIS AOD d3 dugc str dung dé thuc hién moé phong trong nghién
ctru nay thu dugc cac ude tinh PMas ¢6 do chinh xac twong d6i véi pham vi

bao phu khéng gian day du.
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Tiéu két chwong 3

M6 phong cua thyc nghiém dugc thuc hién trén toan bd dia gidi Ha Noi
va vung 1an can, duoc chia thanh 06 md phong véi thoi gian mdi mo phong 1a
07 ngay, chia theo mua kho va mua cho cac nam 2015 (02 m6 phong mua kho),
2017 (02 m6 phong mua mua) va 2019 (01 md phdng mua mua va 01 moé phong
mua kho).

Qua trinh ddng hoa sb liéu d6 sau quang hoc AOD & bude song 550 nm
trich xuat tir dir liéu vé tinh MODIS cuia mé phong thuc nghi¢m dugc thuc hién
thong qua module WRFDA trong hé théng mo6 hinh WRF di xdy dung dugc
bo sb liéu dau vao cho mo hinh chat lugng khong khi CMAQ voi chét lugng
tot.

Véi nguédn s6 liéu sau khi dong héa boi module WRFDA, mé hinh chat
luong khong khi CMAQ d3 mo phong dugc ndng do bui PMa s cho khu vyc Ha
Noi v6i khoang thoi gian ciia mé phong. Nong d6 bui PMa s tir két qua ctia mo
hinh CMAQ c¢6 tuong quan vdi $6 lidu quan tric mit dat duoc cai thién ro rét
s0 v6i s6 liéu khong co dong héa, cu thé: két qua hoi quy R? ting it nhét tir
0,915 1én 0,917 d6i véi md phong tir 06/09/2017 dén 12/09/2017 tai tram
Nguyén Vian Cir va nhiéu nhat tir 0,581 1én 0,742 d6i véi thoi gian mo phong
tir 06/09/2017 dén 12/09/2017 tai tram Trung Yén; R? tang tir 0,929 1én 0,939
d6i voi mo phong tir 16/01/2015 dén 22/01/2015 tai tram Nguyén Van Cir; tir
0,803 1én 0,830 d6i véi mod phong tir 04/07/2017 dén 10/07/2017 tai tram
Nguyén Vin Ctr; tir 0,368 1én 0,431 ddi voi mod phong tir 04/07/2017 dén
10/07/2017 tai tram Trung Yén. D6i véi cac khoang thoi gian mo phong nam
2017 va 2019 tai tram Trung Yén va tram Minh Khai, két qua hdi quy déu ting

1én ro rét.
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Két qua hdi quy nong dd PMa.s co va khong co dong hoa sé liu AOD
v6i ndng do PMa s tai cic tram quan trac mat dét trong cac khoang thoi gian mo
phong déu c6 su tang 1én, thé hién mdi twong quan t6t véi cac yéu td khi tuong
cling nhu hoa hoc khi quyén. Két qua thu dugc tir thuc nghiém cho thay rang
d6ng hoa c6 kha ning mang dén nhitng cai tién dang ké cho du bao hoa hoc khi
quyén.

M5t han ché 16n cta déng héa sb liéu vé tinh 1a sy han ché vé s6 liéu sin
c6, dic biét 1a trong thoi gian thuc (hodc gan thoi gian thuc). Dong hoa sb licu
bé mit va cac sd liéu vé tinh da dugc chimg minh 13 ¢6 hitu ich. S6 liéu vé tinh

rat c6 gid tri vi su bao quat tai cung thoi diém ma nd co6 thé cung cap.
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KET LUAN VA KIEN NGHI

Két luan:

Ung dung phép loc Kalman t6 hop bién d6i cuc bd hoa trong hé thdng
dong hoa s lieu WRFDA ctia md hinh nghién ctru va du bao thoi tiét WRF da
nang cao do chinh xac udc tinh, cai thién mdt cach dang ké trang thai ban dau,
cung cap sd lidu dau vao cho mo hinh chét luong khong khi CMAQ, ning cao
két qua du bao chét lugng khong khi cho khu vuc Ha Noi.

Phan mém xur ly s6 litu AOD nham loai bo cac s6 liéu c6 sai so tho,
khong dat tiéu chuén, khong nhat quén, danh diu co dya trén do tin cdy cua s6
lidu da duoc xay dung, tmg dung c6 két qua rd rét trong mo phong thir nghiém
cho khu vuc Ha No1.

Loi ich ctia s6 liéu vé tinh MODIS duoc dong héa ap dung trong hé théng
mo6 hinh WRF-CMAQ cai thién tinh chinh x4c cua dau vao mo hinh (IC, BC,
va lugng khi thai) va du bao. S6 licu AOD tir vé tinh MODIS da dugc dong
héa vao CCTM d3 cai thién hiéu suit vé néng d6 6 nhiém khong khi trén bé
mit va chit lugng khong khi tai phan tich tot hon.

Viéc déng héa sb 1iéu aerosol con duge goi la d§ sau quang hoc dugc
trich xuat tir s6 1iéu vé tinh MODIS Terra/Aqua Aerosol 5-Min L2 Swath 3 km
cai thién déng ké két qua wdc tinh ndng dd PMz s trén hé théng mo hinh WRF-
CMAQ. Hiéu suat mé hinh da dugc cai thién véi sy dong hoa s lidu nay.

Nghién ctru ciia ludn an nay da xay dung duoc quy trinh dong hoa sb liéu
vé tinh AOD, cung cip ngudn s6 liéu ddu vao cho mé hinh chét lugng khong
khi CMAQ phuc vu cong tac du béo chat lugng khong khi phu hop véi diéu
kién cua Viét Nam khi mat d0 cac tram quan trac truc tiép con thua, dac biét co

¥ nghia quan trong doi vadi cac khu vuc chua dugc 1ap dit cac tram quan trac.
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Noéi chung, viéc déng héa cac sb liéu vé tinh cho mo hinh chat lugng
khéng khi mang lai loi ich dang ké khi céc sd liéu quan tric truyén thong chi ¢
dang diém (mac du co thé c6 nhiéu tram quan tréc) va trén bé mat dat khong du
dap tmg yéu cau cua viéc danh gia cht luong khong khi. Dong héa sb lidu vé
tinh cho md hinh chét luong khong khi md ra mot phwong phap méi nham cung

cap mot cong cu cho cong tac danh gia chat lugng khong khi.
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Kién nghi:

Dua trén két qua nghién ctru, mat sb kién nghi duoc néu ra véi muc dich
tao duoc cong cu cho cong tic giam sat moi trudng khong khi, cy thé nhu sau:

- Xay dung bo s6 litu phat thai cho khu vuc Viét Nam va céac vung lan
can cung cap so liéu dau vao cho mé hinh CMAQ, nang cao chét luong két qua
mo phong, du bao chit luong khong khi cho Viét Nam.

- Nghién ctru iing dung cac loai anh v¢€ tinh c6 d0 phan giai cao hon (ca
vé khong gian va thoi gian) nham tan dung tinh wu viét cia vién tham da pho,
da thoi gian va ttrc thoi trén dién rong dong thoi cho hé thong moé hinh WRE-
CMAQ nham ting cudng chat lugng va hiéu xuit ciia mo hinh trong viéc danh
gia chét luong khong khi phuc vu cac quan 1y hoach dinh cac chinh sach nham
nang cao chét luong khong khi cho cong dong.

- Két qua ctia nghién ctru nay can duoc phat trién dé ing dung trong danh
gia chat luong khong khi phuc vu cong tic danh gia, du bao xu huéng nhim
diéu chinh cac hoat dong cta con ngudi gbp phan nang cao chat lwong khong
khi cling nhu stre khoe cua cong dong.

- Ngoai hé thong m6 hinh WRF-CMAQ, hién nay mé hinh WRF-Chem
d3 dugc phat trién boi cong dong ngudi dung va ngay cang phat trién, vi vay
viéc nghién ctru ddng hoa s liéu vé tinh cho mo hinh nay ciing 1a muc dich can

duoc nghién ctru va dua vao ing dung trong cudc song.
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PHU LUC

Truée khi tién hanh cac mo phong thuc nghiém caa luan an, cac ham thu
vién, cac moodule ctia hé théng md hinh WRF-CMAQ can phai dugc cai dat
trén may tinh v6i hé diéu hanh ma ngudén mé Ubuntu 16.04 va duge tom tit
trong Hinh PL.01, két qua cai dat 1a cac thu vién va thu muc 1am viéc.

DAu tién can cai dat hé diéu hanh Ubuntu 16.04 x64 (64 bit - phuc vu cho
viéc xu 1y céac t&p tin c6 dung luong 16n hon 2 GB), céc trinh bién dich Cmake,
GNU va M4 cho hé théng. Cac bo thu vién MPICH, Szip, Zlib, Curl 1a yéu cu
can thiét cho bo luu trix va quan ly dir 1iéu hiéu suét cao HDF (HDF 1a mgt mo6
hinh di¥ liéu, thu vién va dinh dang tép dé luu trir va quan 1y di licu).

Tiép theo bd thur vién NetCDF (Network Common Data Form) 13 mot tap
hop céac thu vién phén mém va cac dinh dang dir liu doc 1ap hd tro viée tao,
truy cdp va chia sé dir li¢u khoa hoc cung cac thu vién xir Iy hinh dnh Jasper,
LibPNG ciing can dugc cai dit trude khi cai dit hé thong mo hinh WREF.

Mo hinh nghién ctru va du bao thoi tiét (WRF) duoc cai dit véi cac
module WPS, WRF PLUS, WRFDA phuc vu cho viéc chuan bj nguén s6 liéu
dau vao cho mo hanh chat lugng khong khi cong dong da quy mé6 CMAQ.
Trong hé thong nay module phuc vu cho qua trinh dong hoa s liéu 1a WRFDA.

B6 xur Iy Giao dién Khi tugng - Hoéa hoc (MCIP - Meteorology-
Chemistry Interface Processor) nhan dau ra tir moé hinh WRF dé chuan bi cac
tép khi tugng duoc sir dung trong hé théng moé hinh CMAQ duoc cai dit cung
hé thng mé hinh CMAQ.
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Installing 32, 64-bit libraries
Cmake 3.6, GNU M4 for system

MPICH 3.2, Szip 2.1, ZIlib 1.2.8
Curl 7.50 for HDF5

HDFS5 1.8.16

NetCDF 4.4.0, NetCDF fortran 4.4.4, PnetCDF 1.8,
Jasper 1.9, LibPNG 1.6 for WRF v.38

(2). Test libraries:
- Fortran + C + NetCDF
- Fortran + C + NetCDF +

WRF v4.1: - WRF-Chem
- WPS
- WRF PLUS
- WRF DA (WRF DA for 4D-
Var)

Test WPS
- geogrid
- ungrid Test WRF

- metgrid

ncBrowse, PVM 3 (Parallel Virtual

Machine),

MCIP 4.3 with 1/O API

Install developer libraries X11, g2clib 1.6

NCL-NCAR
CMAQ v53

Hinh PL.01: So dé cac bude cai dat hé thong WRF-CMAQ trén Ubuntu 16.04
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1. Quy trinh cac buéc thuce hién mé phong

1.1. Hé théng tién xiv Iy

V& co ban c6 ba budc chinh dé chay Hé thng tién xtr Iy WPS:

1. Xac dinh mién mé hinh domain va nest v6i geogrid;

2. Trich xuét s liéu khi tuong tir cac bd s6 liéu GRIB cho giai doan (thoi
gian) mo phdéng voi ungrib;

3. Noi suy s6 liéu khi tuong theo chiéu ngang cho cac mién mé phong
vO1 metgrid.

Khi nhiéu mé phong dugc chay cho cing mot mién moé phong, chi can
thue hién bude dau tién (geogrid) mot 1an; sau do, chi can xt 1y s liéu thay
d6i theo thoi gian cho mdi mé phong bang cac budc hai va ba. Dudi day, cac
chi tiét cia ting budc trong ba budc dugc giai thich (Hinh PL.02, ngay thing

trong hinh ¢6 tinh chat minh hoa).

geog | Link_grib.sh f<  GFSfiles

GRIBFILE.AAA T —
GRIBFILE.AAB
* Namelistwps . . * Namelistwps
(&share, &geogrid) ~ Geogrid.exe Ungrib.exe - (&share, &ungrib)
* GEOGRIDTBL ) * Vtable
Gro_am. Ok B S " FILE_2015-01-01_00

GeoemdoZne =~ FLE_2015-01-01 03

= Metgrid.exe

* Namelistwps
(&share, &metgrid)

* METGRIDTBL
Met_em.d01.2015-01-01_00_00_00.nc
Met_em.d02.2015-01-01_00_00_00.nc
Met_em.d01.2015-01-01_03_00_00.nc, ...
P Real.exe
* Namelistinput / wrfbdy_d01
. Al files in K wrfinput_do1
WRFV3/run ~ | wrfinput_d02

wrfout.d01,2015-01-01_00_00_00.nc
wrfout.d02.2015-01-01_00_00_00.nc

Hinh PL.02: So d6 hé thong tién xir Iy WPS va hé thong WRF
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Hé thong tién xir Iy WPS (WRF Pre-Processing System) bao gom mot
bo ba chuong trinh doc lap (geogrid.exe, ungrib.exe, metgrid.exe) co vai tro
chung la chuan bi sb liéu dau vao cho chuong trinh real.exe thuc hién cac mo
phong s6 liéu thuc. Moi chuong trinh thuc hién mot giai doan chuan bi:
geogrid.exe dinh nghia cac mién mo phong (domain va nest) va ndi suy s liéu
dia 1y tinh vao ludi; ungrib.exe trich xuét cac s6 liéu truong khi twong tir cac
tap tin dinh dang GRIB va metgrid.exe no1 suy theo phuong ngang cac truong
khi trong duoc giai nén boi ungrib.exe vao ludi mo phong (domain) dugce xac
dinh boi geogrid.exe. Cong viéc ndi suy cac truong khi tuong theo chiéu doc
cho WRF hién dugc thuc hién trong chuong trinh real.exe.

San pham sau khi chay chuong trinh dau tién ctia hé théng tién xir 1y
geogrid.exe 13 cac tép tin (s luong tép tin nay phy thudc vao sb luong mién
tinh ctia mo6 phong do nguoi s dung xac dinh trong tép namelist.wps) co6 tén la
tép geo_em.dxx.nc va geo_em.dxx.nc trong thu muc thuc thi ctia hé théng mo
hinh WRF-CMAQ. Trong truong hop cua nghién ctu nay 1a 02 (hai) tép, dai
dién cho 02 mién tinh dugc xac dinh.

Truong GREENFRAC trong sd liéu ¢ trén dugc x4c dinh trong
GEOGRID.TBL, do d6 s liéu cua birc xa hoat dong quang hop (Fraction of
Photosynthetically Active Radiation - FPAR) tir s6 liéu MODIS s& duoc st
dung nhu 1a mot phan thay thé cho tham thuc vat. Nhimg s liéu nay phai dugc
cung cip boi nguoi dung 1am dau vao cho CCTM.

Két qua cua hé thong WPS 1a mot loat cac file 1am dau vao cho chuong
trinh Phan tich khach quan 1a OBSGRID. Muc ti€u cua phan tich khach quan
trong md hinh khi tuong 1a cai thién cac phan tich khi tugng (phong doan dau
tién) trén ludi mesoscale bang cach két hop thong tin tir cac quan trac. Theo
truyén théng, nhitng quan tric nay 1a nhimg quan trac “truc tiép” vé nhiét do,
d6 am va gio6 tir cac bao cao bé mit. Khi k¥ thuat vién tham da phat trién, ngay

cang c6 nhi€u quan trac “gian ti€p” cho cac nha nghién ctru va nguoi 1ap mo
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hinh hoat dong. Sir dung hiéu qua cac quan tric gian tiép nay dé phan tich khach
quan 13 mot nhiém vu twong ddi quan trong. Cac phuong phap thuong duoc si
dung cho cac quan tric gian tiép bao gdm cac k¥ thuat bién d6i ba chiéu hoic
bdn chiéu (“3DVAR” va “4DVAR”) tuong tng.

1.2. Loai bé sai s tho

Muc dich cta loai bo sai s6 thé nhim khir cac nhiéu loan cua diéu kién
ban dau trong goi s6 liéu duoc dua vao md phong. Cac phan tich ddu vao cho
OBSGRID nhu phong doan dau tién 1a phéan tich dau ra tir phan METGRID cua
g6i WPS. Phan tich khach quan OBSGRID dugc chay truc tiép sau metgrid.exe
va sir dung céc tép dau ra met_em* tir metgrid.exe lam dau vao.

Céc kha nang cta phan tich khach quan OBSGRID bao gém:

- Lua chon phan tich muc tiéu theo kiéu Cressman hoic Multiquadric.

- Céc thir nghiém khac nhau dé sang loc sb liéu quan tric nghi ngo.

- Thu tuc nhép s6 liéu khong c6 that (Procedures to input bogus data).

- M6 rong lugi: OBSGRID c6 kha ning ¢t mién mo hinh dau vao xudng
trén dau ra. Tinh ning nay cho phép ban két hop sb liéu tir bén ngoai ludi dy
dinh ctia minh dé cai thién cac phan tich gan ranh gii. Dé sir dung tinh ning
nay, ngudi dung phai tao mot mién 16n hon mién du dinh cudi cung khi chay
WPS.

Dau ra tir cac chuong trinh phan tich khach quan c6 thé duoc sir dung dé:

- Cung cip cac trudng cho cac diéu kién ban dau va ranh gidi (1 - trong
Flow chart - Hinh PL.03). Luu y rang cac tép metoa_em* dugc dinh dang giéng
hét véi dinh dang cua cac t&p met_em™ tir metgrid.exe. Sy khac biét duy nhét
1a cac truong trong cac tép nay la dugc két hop thong tin quan trac.

- Cung cép cac trudng bé mit cho FDDA phén tich bé mit (2 - trong Flow
chart - Hinh PL.03). Luu ¥, khi str dung tép wrfsfdda lam dau vao cho WRF,
ban cling nén st dung t&€p fdda 3-D wrffdda (5 - trong Flow chart - Hinh PL.03)

-1a dAu ra tuy chon duogc tao khi chay real.exe lam dau vao cho WRF.



151

- Cung cap sd lidu quan tric nat ludi (observational nudging) (3 - trong
Flow chart - Hinh PL.03). Luu ¥: ké tir phién ban 3.1.1 cia OBSGRID, tép nay
c6 thé duoc doc truc tiép bang ma quan tric nut ludi (observational nudging)
va khong con can phai chuyén qua tap 1énh bd sung.

- Cung cip dau ra ASCII (4 - trong Flow chart - Hinh PL.03). Cac tép
nay cung cap thong tin lién quan dén cac quan trac duoc sir dung va cic co
kiém soat chat luong duoc chi dinh. Thong tin trong cac tép nay ciing co thé

duoc ve vdi cac tién ich v€ do thi dugc cung cap.

)
METGRID m'm‘::e r plot__levﬂ-x:x.
observational data
@ T
-
L 1 ASCHI
ot * . -] O vational output
met_em } »| osscriD > o
@ {
REAL - oton_em* |
|
! ® 4 ® 4 @ 4
i L writdda I wristdda | oBS_DOMAINGxx |
wribdy
wrilowing
W
r ¥ ¥

Lot WRF

Hinh PL.03: So d6 ciia qud trinh phdn tich khdch quan

Ly do chinh d¢ thyc hién phan tich khach quan trén mot mién nest 1a néu
ngudi ding c6 sin cic quan tric voi do phan giai ngang 16n hon mot chit so
v6i d6 phan giai ciia mién domain ctia ngudi ding.

Van dé chinh duoc dua ra bang cach thyc hién phan tich khach quan trén
mot mién nest 13 sy khong nhat quan trong cac diéu kién ban dau giita mién
domain va nest. Cac quan trac bén ngoai mién nest s& dugc st dung trong phan
tich mién domain, nhung bi loai bo trong phan tich mién nest. Vi cac quan

tric khac nhau duoc st dung ngay tai mot ranh gi6i nest, nguoi ding ¢ thé c6
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dugc cac phan tich rat khac nhau. OBSGRID ciing yéu cau quan tric bo sung
(A - trong Flow chart - Hinh PL.03) 1am dau vao.

Phén tich khach quan OBSGRID doc cac sb liéu quan tric duoc cung cap
bai ngudi dung trong cac tép tin dinh dang ASCIIL Piéu nay cho phép nguoi
dung thich nghi sd liéu cua ho dé sir dung nhu dau vao cho OBSGRID.

Két qua sau khi thyc hién phan tich khach quan OBSGRID la mét loat
cac tép tin co thé duoc st dung lam dau vao cho hé théng moé hinh WRF do
nguoi dung tuy chon.

Cdc tdp tin metoa_em*: Cac tap tin phén tich cudi cung & mirc 46 bé mat
va ap luc. Tao t&p nay la muc ti€u chinh cta vi¢c chay OBSGRID. Céc tép nay
hién c6 thé duoc sir dung thay cho cac tép met_em* tir WPS dé tao cac diéu
kién ban dau va ranh gi¢i cho WREF. Dé sir dung céc tép nay khi chay real.exe,
ban c6 thé thuc hién mot trong hai diéu sau:

1. P6i tén hodc lién két cac tép metoa_em* trd lai met_em*.

2. St dung tuy chon namelist phu tro trong tap tin namelist.input cia
WREF dé ghi dé tén t¢p mac dinh real.exe st dung. Pé thuc hién viéc nay, hay
thém phan sau vao phan &time control ciia tép WRF namelist.input trude khi
chay real.exe (st dung cG phap chinh xac nhu bén dudi - khong thay thé
<domain> va <date> cho cac s6 thuc): auxinputl inname =
"metoa_em.d<domain>.<date>"

Cdc tdp tin wrfsfdda_dn: Viéc sit dung tuy chon FDDA bé mit trong
OBSGRID tao ra mot tép c6 tén wrfsfdda_dn. Tép niy chira cac phan tich bé
mat tai cac khoang INTF4D, phan tich T, TH, U, V, RH, QV, PSFC, PMSL va
s6 luong quan tric trong pham vi 250 km timng diém ludi. Do cc yéu cau dau
vao ctia mo hinh WRE, s6 liéu tai thoi diém hién tai ( OLD) va s6 liéu cho lan
tiép theo ( NEW) duoc cung cap tai mdi khoang thoi gian. Do yéu cau nay,
ngudi dung phai can than chi dinh khoang thoi gian tuong tu trong phan fdda
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WRF dé lam md& bé mit nhu khoang thoi gian duoc sir dung trong OBSGRID
dé tao tép wrfsfdda_dn.

Cdc tdp tin OBS_DOMAINdxx: Nhitng tap tin nay c6 thé duoc st dung
trong WRF cho nudging quan tric nit lu6i (observational nudging). Pinh dang
ctia tép nay hoi khac so vé6i dinh dang wrf obs/little r tiéu chuan. Tén mién
“d” trong tén tap tin dai dién cho s6 mién. SO xxx chi 1a mot s lién tiép. Cac
tép nay chira danh sach tat ca cac quan tric c6 san dé st dung boi chuong trinh
OBSGRID.

Céc t¢p metoa_em™ dugc sur dung tuong tu nhu céac tép met _em khi chay
real.exe sau d6. Cac file wrfsfdda c6 thé duoc stir dung nhu 13 dau vao dé wrfexe
khi lam phan tich bé mat nit ludi.

Céc tép OBS DOMAIN1xx c6 thé duoc st dung trong wrf.exe khi thuc
hién thao tac quan tric tai nat luéi. Ngoai ra OBSGRID con tao ra cac file $6
lidu chira cac loai thong tin khac nhau cua sb liéu quan tréc.

1.3. Hé thong xiv Iy ARW - mé hinh WRF

Trude khi thuc hién chuong trinh, ngudi ding can phai chinh sira tép tin
namelist.input & phan anh théng tin mién tinh (domain va nest) nhu: vi tri,
kich thudc, do phan giai (kich thudce 6 ludi ciia domain va nest), phép chiéu

duogc sir dung, thoi gian md phong va mot sd thong tin khac.
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Lo i

FILE:<date>
ungrib.exe Z Intermediate Files %
i real.exe

metgrid.exe

da_wrfvar.exe

Hinh PL.04: So d6 dong s6 liéu trong hé thong WRF

S6 lidu dau vao cho hé thong WRF 14 két qua cua chuong trinh phén tich
khach quan OBSGRID, bao gdm:

- Céc tap tin metoa_em*: Céac tap tin phan tich cubi cing ¢ mirc 6 bé
mat va ap luc. Cac t€p nay duoc st dung thay cho cac t&p met em™ tu
metgrid.exe (WPS) dé tao cac diéu kién ban dau va ranh gigi cho WRF khi
chay real.exe

metoa_em.d01.2015-01-16_00:00:00.nc
metoa_em.d01.2015-01-16 _03:00:00.nc
metoa_em.d02.2015-01-22 18:00:00.nc
metoa_em.d02.2015-01-22 21:00:00.nc
metoa_em.d02.2015-01-23 _00:00:00.nc

- Céc tap tin wrfsfdda_dn: Viéc st dung tuy chon FDDA bé mit trong
OBSGRID tao ra mot tép co tén wrfsfdda_dn, tép nay chira cac phan tich bé
mat tai cac khoang INTF4D, phan tich T, TH, U, V, RH, QV, PSFC, PMSL va
s6 lwong quan tric trong pham vi 250 km timg diém ludi. Do cc yéu cau dau

vao cua md hinh WREF, s6 li€u tai thoi di€m hién tai (_ OLD) va s6 li¢u cho lan
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tiép theo ( NEW) dugc cung cip tai mdi khoang thoi gian, ngudi ding can phai
can than chi dinh khoang thoi gian twong tu trong phan fdda WRF dé lam md
bé mit nhu khoang thoi gian dugc st dung trong OBSGRID dé tao tep
wrfsfdda_dn

- Céc tap tin OBS DOMAINdxx: Cac tép tin nay dugc su dung trong
wrf.exe khi thuc hién thao tac quan tric tai nut ludi. Nudging code quan tric
WRF yéu cau tit ca s liu quan tric c6 sin trong mot tép cO tén
OBS_DOMAINdxx (trong d6 d 1a s6 mién), trong khi OBSGRID tao mét tép
modi 1an. Do d6, dé sir dung céc tép nay trong WRF, nguoi dung can ndi thanh
mot tép duy nhat. Tap tin mdi nay dugce sir dung truc tiép trong mé quan tric
tai nut ludi trong WREF.

1.3.1. Khdi tao sé liéu thuc

TAt ca céc tép tin s6 liéu dau vao phai dugc dua vao cung thu muc véi
chuong trinh khai tao sd liéu thuc real.exe. Khi qua trinh chay thanh cong ta s&
c6 cac file dau ra bao gdm cac tép tin sau:

wrfinput_d01; wrfinput_d02; wrfbdy d01;rsl.out.0000;

rsl.error.0000;  wrffdda d01; wrffdda d02

Néu qua trinh chay c6 18i xay ra, nguoi dung c6 thé tham khao cac thong
tin trong tép tin rsl.error.0000 dé khac phuc.

Trong qua trinh khéi tao s6 liéu thuc, viéc xac dinh cac 16p khi quyén,
phan chia céac 16p d6 cao tir mat dat 1én dinh khi quyén thanh timg 16p c6 do
cao phut hop v6i muc dich cia mé phong dic biét quan trong. Piéu nay sé& tao
cac 16p phu hop véi timg muc dich str dung & du ra ciia mé hinh CMAQ.

1.3.2. Module dong héa s6 liéu

WRFDA 1a mdt module dugc st dung cho muc dich déng hoa sb liéu
trong hé théng mo hinh WRE. Ddng hoa sd liéu 1a k§ thuat két hop cac quan
trac vGi san phém du bao sd sir dung cadc mo hinh todn hoc cua khi quyén dé du

bao khi twong dua trén diéu kién hién tai va thong ké 16i twong tng cta chung
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dé dua ra wéc tinh da duoc cai thién (phan tich) cua trang thai khi quyén. Pong
hoa sb liéu bién thé (Var) dat duoc diéu ndy thong qua viée tdi thiéu hoa lap di
1ap lai cia chiic nang phan tich.

Dé)ng héa s6 liéu 1a xur 1y cac s6 liéu quan tric duoc st dung dé thuc hién
diéu chinh nho cho du bao ngin han duoc gia dinh 1a tét, dua ra két qua ctia md
hinh phan tich.

WRFDA dugc sir dung dé dua cac quan tric vao cac phan tich ndi suy
duoc tao bo1 WPS, cling c6 thé duoc st dung dé cap nhat cac diéu kién ban dau
ctia md hinh WRF khi mé hinh WRF chay & ché do vong lap (cycling). Mot s6
tinh nang chinh cia WRFDA 1a nhu sau:

- WRFDA dua trén ki thut ddng hoa s6 liéu da dang gia ting c6 ca kha
nang 3DVAR va 4DVAR;

- WRFDA ciing bao gébm kha ning dong héa s liéu lai (Bién thé + Pong
b0 - Variational + Ensemble);

- S6 liéu quan tric thong thuong c6 thé duoc cung cip & dinh dang ASCII
thong qua tién ich “obsproc” va hoic dinh dang PREPBUFR lam sb liéu dau
Vao;

- Nhiéu dau vao sb liéu quan tric vé tinh c6 thé duoc cung cép 0 dinh
dang BUFR;

- S6 liéu radar (d6 phan xa va tbc do hudng tim) dugc cung cip qua dinh
dang ASCII ciing c6 thé 1am sd liéu dau vao.

Chuong trinh OBSPROC (obsproc.exe) doc cac quan triac ¢ dinh dang
LITTLE R (dinh dang dua trén van ban). Muc dich cua OBSPROC la:

- X6a bo cac quan trac bén ngoai cac mién khong gian (domain va nest)
va thoi gian dugc nguoi st dung chi dinh cho mo6 phong;

- Sép xép va hop nhat cac bao cao co sb liéu trung lip theo thoi gian va

khong gian (dia diém);
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- Lay 4p suat hodc chiéu cao dua trén thong tin quan tric dugc bang gia
dinh thuy tinh;

- Kiém tra cac quan tric da cap vé cac diéu kién nhat quan theo chiéu
doc;

- Chi dinh 16i quan trac dua trén tép 16i duoc chi dinh trude.

- Viét ra tép quan traic dugc WRFDA sit dung ¢ dinh dang ASCII hoac
BUFR.

Tép dau ra tir bo tién xir Iy quan tric, chuong trinh OBSPROC van 1a tép
ASCII, dé dang duoc thao tac cho cac muc dich nghién ctru cu thé, chéng han
nhu kiém tra s6 liéu diém don, v.v.

Pé lam cho hé thong WRFDA c6 tinh phd bién nhat, dinh dang
LITTLE R duogc st dung lam dinh dang sb liéu quan tric trung gian cho hé
théng WRFDA, tuy nhién, viéc chuyén déi s6 liéu ngudn cu thé ctia ngudi dung
sang dinh dang LITTLE_R 14 nhiém vy ctia ngudi st dung. S6 liéu dau vao cho
WRFDA bao gdm céc ngudn s liéu sau:

« Background Preprocessing (Mot tép nén dinh dang netCDF, két qua

tur chuong trinh WPS, real.exe);

« Observation Preprocessing (File sé liéu quan tric tién xir 1y -
observation files, 1 két qua ctia chuong trinh OBSPROC);

« Background Errors File (File thong ké 16i nén nghia 13 wdc tinh 15i
trong tép nén), sd liéu nay dugc cung cip trong thu muc var/run,
ngudi sir dung chi can lién két be.dat.cv3 véi tép be.dat.

Trong s6 ba (03) ngudn sb liéu trén, nguoi thuc hién mé phong phai

chuan bi hai (02) ngudn 14 sb liéu két qua tir hé thong WPS/real.exe (da duoc
thue hién ¢ giai doan trude) va sb liéu quan tric tién xir Iy thu duoc tir chuong

trinh obsproc.exe.
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Nhép nhiéu loai quan tric dugc chuyén d6i sang dinh dang little r va
dugc ndi vao mot tép, xur 1y s6 liéu quan tric va xuit (cac) tép ASCII phu hop
v6i nhu cau WRFDA - 3DVAR hodc 4DVAR.

Muc dich ctia Luan an nay la nghién ctru déng héa sb liéu vé tinh cho hé
théng m6 hinh hoa chat lvgng khong khi da qui mé (CMAQ), vi vy, san pham
s6 liéu do day quang hoc (AOD) dugc trich xuét tir s6 liéu vé tinh MODIS Terra
da duge chon dé st dung. Nhu da trinh bay tai Chuong II ctia Ludn an nay, )
liéu AOD di duoc trich xuét tir anh vé tinh MODIS duoc chuyén sang dinh
dang LITTLE_R thong qua mot mot phan mém dugc phat trién trén nén Python
3.7. Két qua thu duoc 1a cac tép tin sd liéu AOD tir anh vé tinh MODIS ¢ dinh
dang LITTLE R lam s6 liéu dau vao cho chuwong trinh OBSPROC
(obsproc.exe).

Khi chuong trinh OBSPROC (obsproc.exe) két qua cac tép sb liéu quan
trac dugc dit tén nhu sau:

obs _gts 2015-01-16 _12: 00: 00.4DVAR
obs _gts 2015-01-16 _13: 00: 00.4DVAR
obs _gts 2015-01-16 _16: 00: 00.4DVAR
obs _gts 2015-01-16 _17: 00: 00.4DVAR
obs _gts 2015-01-16 _18: 00: 00.4DVAR

Chung 14 céc tép quan trac ddu vao cia WRFDA 4DVAR. D6 1a mot tép
ASCII chtra phan tiéu dé (duoc liét ké bén dudi) theo sau 1 cac quan tric. Y
nghia va dinh dang ctia cac quan tric trong tép duoc mo ta trong sau dong cubi
cung cta phan tiéu dé.

bé chay WRFDA 4DV AR, truéc tién hay tao mot thu muc lam viéce, bién
moi trudng va ngay phan tich, chang han nhu /home/hdong/WRF-DA/HaNoi.

Luru y: WRFDA 4DVAR c6 thé dong héa s6 liéu quan tric thong thuong,

sO liéu BUFR cua v¢ tinh va s6 li¢u luong mua. Pinh dang s6 liéu dau vao co
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thé 12 s6 liéu dinh dang PREPBUFR hoic s liéu quan traic ASCII, dugc xtr Iy
bdi OBSPROC.

Chinh sira cac bién namelist.input (namelist.input.4dvar) dé phu hop véi
mo phong, can thiét, lién két cac tép tuy chon WRFDA 4DVAR c6 kha ning
xem x¢ét cac diéu kién bién nhu cac bién kiém soat cling nhu trong qua trinh toi
thiéu hoa. Bién namelist var4d_Ibc phai dugc bat 1a true. Dé kich hoat tiy chon
nay, WRFDA 4DVAR khong chi can doan dau tién ¢ dau cira s6 thoi gian, ma
con 1a 1an doan dau tién & cudi cira s6 thoi gian.

Céc bién namelist quan trong nhat lién quan dén 4DVAR duoc liét ké
du6i day. Luu ¥ trong cai dat thong tin thoi gian, quy tic 1a: analy date,
time_window min va start xxx trong &time control phai ludn bang nhau;
time_window max va end xxx phai luén bang nhau; va run_hours 1a su khac
biét giita start xxx va end xxx, 1a 6 dai cta cira s6 thoi gian 4DVAR.

Pé chay WRFDA, thuc hién cdu lénh: ./da_wrfvar.exe >& wrfda.log

Tép wrfda.log (hodc rsl.out.0000, néu chay & ché do bd nhd phan tan)
chtra thong tin nhat ky thoi gian chay WRFDA quan trong. Ludn kiém tra log
file sau khi chay WRFDA.



160
swrfvarl
vardd=true,
var4d lbc=false,
var4d bin=3600,

&wrfvarl8
analysis date="2015-01-15 00:00:00.0000",

swrfvar2l
time window min="2015-01-15 00:00:00.0000",

swrfvar22
time window max="2015-01-15 23:00:00.0000",

&time control
run_hours=24,
start year=2015,
start month=01,
start day=15,
start hour=00,
end year=2015,
end month=01,
end day=15,

end hour=23,
interval seconds=10800,
debug level=0,

/

Cdc bién namelist quan trong nhdt
1.3.3. M6 hinh nghién cvru va dy bdo thoi tiét

S liéu dugc wrfexe st dung trong qua trinh mo phong bao gdm tét ca
cac tép tin sd lidu ctia qua trinh phén tich khach quan OBSGRID, cac tép tin
cac tép tin cua trinh déng hoa sb liéu da_wrfvar.exe va cac tép tin 1a két qua
cua qua trinh chay chuong trinh real.exe.

Két qua cia qua trinh nay 12 mét loat cac tép tin c6 dinh dang netCDF va
dugc dat tén gom tén mién (domain - dO1, nest - d02) va thoi gian phan tich
ctia md phong, cu thé nhu sau:

wrfout_d01 _2017-07-04_00:00:00
wrfout d01 _2017-07-04_21:00:00
wrfout_d02 2017-07-04_03:00:00

wrfout_d02_2017-07-05_00:00:00
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1.4. M6 hinh chét lwong khéng khi da qui mé

1.4.1. Tinh todn toc dé quang phdn

JPROC tinh toan tdc d6 quang phan dugc sir dung boi co ché quang hoa
dua trén mat cat hip thu phan tir va ning suit luong tir (CSQY) ciing nhu 6
li¢u khi hau. Céc tép dau ra 1a cac bang tra ctru ASCII chtra ty 1¢ duoc tinh so
v6i1 do cao, vi do va goc gio. Co ché quang hoa dugc xac dinh bdi tap 1€nh xay
dung cho JPROC. D6 cao (mét), vi do (d0) va goc gio duoc gan két trong ma
ngudn ciia JPROC.

Céu hinh dugc dé xuat cia CCTM trong CMAQ khong sir dung dau ra
JPROC nhung c4c bang tra ctru la bat budc néu CCTM duogc bién dich véi ché
dd ModPhot duoc dat thanh phot/bang.

Cac tép dau vao cho JPROC c6 mét sd tuy chon dugc goi khi bién dich,
mot s6 tuy chon khac dugc goi khi thuc thi chuong trinh. Khi bién dich JPROC,
nguoi dung chi dinh mot co ché hoa hoc dé chi ra hoa hoc pha khi dé tinh toc
d6 quang phan. Ddi voi co ché quang héa do nguoi dung chon phai cung cép
mot tap tin s liéu chira cac tép sb lidu hap thu phan tir va niang suat cho cac
phan mg quang phan dugc str dung bdi co ché quang hoa. Néu nguoi dung
phat trién co ché méi véi tbe dd quang phan mai, ho phai tao ra cac tép s lidu
CSQY thich hop cho timg téc do. Ngudi dung ciing ¢6 tiiy chon st dung cac
c4u hinh khi quyén mic dinh c6 trong tép dau vao PROFILES hoic str dung s6
liéu tong quang phd 4anh xa Ozone (Total Ozone Mapping Spectrometer -
TOMS) dé thay thé s lidu cot ozone c6 ngudn gbc khi hau trong tép
PROFILES.

Céc tép két qua cua chuong trinh JPROC dugc sir dung lam dau vao cho
Mo hinh van chuyén hoéa hoc CMAQ (CMAQ Chemistry-Transport Model -
CCTM) va JPROC duoc chay thong qua tép 1énh run_jproc.csh, két qua thu
duogc 1a cac tép s lidu chira ty 1& quang phan c6 dinh dang ASCII vdi tén tép

c6 dang JTABLE $Date (Date - ngay dugc thyc hién mo phong).
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Ngoai ra, cong cu create_omi c6 san trong bd ma ngudn cia CMAQ tao
tép dau vao OMI mb ta téng mat d§ cot ozone thay ddi theo toan cau va thoi
gian.

Tép nay hd tro tinh toan ndi tuyén cua tdc do quang phan ciia mo hinh
CMAQ. Tao tép OMI bao gdm xir Iy cac quan tric tir cac vé tinh, tép ASCII dé
phan phdi vi tri (vi do/kinh dd) cia cot ozone trong mot ngay. Cong cu nay
cling tao cac t€p I/O API dé hién thi cac quan tric va sb liéu cua tép OMI.
Chung c6 thé khac nhau vi cong cu ndi suy cac quan trac dbi véi ¢ phan giai
ngang cua t¢p OMI. B§ phan giai 12 mot tuy chon dugc chi dinh béi tap 1€nh
chay.

1.4.2. Xir Iy diéu kién ban dau

ICON (Initial Conditions Processor - Bo xir 1y diéu kién ban dau) tao
mot té¢p netCDF co cac diéu kién hoa hoc cho tit ca cac 6 luéi trong mién mo
hinh hoa trong thoi gian ban dau ctiia mot mo phong. ICON co thé tao ra cac
diéu kién ban dau nay tu tép dau ra CCTM hién tai hodc mot trong bon tép
ASCII ciia hd so nong d6 duoc phan giai theo chiéu doc dugce phan phdi voi
CMAQ. Chay ICON yéu ciu ngudi dung da tao cac tép MCIP cho mién mé
hinh dich cua ho. Pi véi ca hai tuy chon tép dau vao, ICON sé& noi suy s6 liéu
theo ciu trac ngang va doc ciia mién dich nhu duoc x4c dinh trong cac tép
MCIP. Céc loai trong tép dau ra ICON gidng hét véi cac loai trong tép dau vao
(dau ra CCTM hodc hd so ASCII).

Trong truong hop nay, nghién ctru di st dung s6 liéu dau vao 1a cac két
qua dugc xac dinh va tinh toan tir hé thong mé hinh WRE théng qua chuong
trinh MCIP. Céc tép két qua cua chuong trinh MCIP ¢ trén duoc sir dung lam
dau vao va ICON duoc chay théng qua tép 1énh run_icon.csh, két qua thu dugc
la 01 t&p chtra cac diéu kién hoa hoc cho tat ca cac 6 lué6i trong mién mo hinh
héa trong thoi gian ban dau cia mot mo phong: ICON v53 04-07-
2017 profile 20170704.
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Tép sb liéu nay duoc st dung 1am dau vao cho M6 hinh véan chuyén hoa
hoc CMAQ (CMAQ Chemistry-Transport Model - CCTM).

1.4.3. Xur Iy diéu kién bién

BCON (Boundary Conditions Processor - B xtr 1y diéu kién bién) tao
mot tép netCDF vé cac diéu kién hoa hoc doc theo céac ranh gi61 bén cla mién
mo hinh héa. BCON s& tao mot tép dau ra véi néng dd hoa hoc cho tit ca cac
6 ludi doc theo ranh giéi ngang ciia mién mo hinh héa. BCON c¢6 thé tao cac
diéu kién bién nay tir tép dau ra CCTM hién tai hodc mot trong bon tép ASCII
cta ho so néng dd dugc phan giai theo chiéu doc duogc phan phéi vor CMAQ.
Chay BCON yéu cau ngudi dung di tao cac tép MCIP cho mién mé hinh dich
ctia ho. Bdi véi ca hai tuy chon tép dau vao, BCON sé noi suy s6 liéu theo cau
tric ngang va doc ctia mién dich nhu dugc xac dinh trong cac tép MCIP. Cac
loai trong tép dau ra BCON gidng hét voi cac loai trong tép dau vao (dau ra
CCTM hoic hé so ASCII). Tuy thudc vao cac tuy chon do nguoi dung chi dinh
hodc bo s6 liéu dau vao, cac diéu kién bién do BCON tao ra c6 thé thay doi
theo thoi gian, doc 1ap vé thoi gian va théng nhat vé mit khong gian hodc bién
d6i theo ranh gi¢i mé hinh.

Ciing nhu & trén, cac tép két qua ciia chuong trinh MCIP & trén duogc sir
dung lam dau vao va BCON duoc chay thong qua t&p 1énh run_bcon.csh, két
qua thu duoc 1a 01 t€p chira cac diéu kién hoa hoc cho tat ca cac 6 ludi trong
mién mo hinh hoa trong thoi gian ban dau ciia mot mé phong: BCON v53_ 04-
07-2017 profile 20170704.

Tép s6 liéu nay duoc st dung lam dau vao cho Mé hinh van chuyén hoa
hoc CMAQ (CMAQ Chemistry-Transport Model - CCTM).

1.4.4. Mo hinh van chuyén hoa hoc

CCTM duoc cu hinh theo mac dinh dé chay & ché 6 da xtr ly. Ché 6
nay yéu cau cai dat thoi gian chay chi dinh sé luong bo vi xtr 1y phan b cho

mo phong va vi tri cta 1énh khdi tao MPI (mpirun) trén hé thong ctia ngudi st
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dung. Dat s6 lugng bo vi xur ly dé sur dung cho mo6 phéng béng cach thiét 1ap
s6 hang (NPROW) va cot (NPCOL) dé str dung cho phan tach mién MPL. San
pham ctia NPCOLS va NPROWS 14 s6 b6 vi xir Iy dé sir dung cho chay CCTM.
Vi dy, néu ban c6 mot hé théng c6 tam bo xur 1y co sin dé chay CMAQ, hay
dit NPCOL thanh 4 va NPROW thanh 2; tong s bd vi xtr Iy (NPROCS) dugc
tu dong thiét 1ap boi tap lénh: @ NPCOL = 4; @ NPROW =2

DPéi voi may tinh xir 1y don, dat NPROCS thanh 1, NPCOL thanh 1 va
NPROW thanh 1: setenv NPCOL _NPROW "1 1"

Trude khi thyc hién tép 1énh thuc thi CCTM, nguoi sir dung can thiét lap
cac cac bién moi truong dugc liét ké bén duoi dugce goi trong qua trinh thuc thi
CCTM va dugc dat trong tap I¢énh chay CCTM, run_cctm.csh nam trong thu
muc CCTM/scripts. Cac bién mdi trudong ndy bao gdm: Trinh bién dich (gcc);
Phién ban cta trinh bién dich (v5.0); Phién ban cta tép 1énh CCTM (v53); Ché
d6 da xtr 1y (mpi); Co ché hoéa hoc cia CMAQ, co ché nay phai khép véi cai
dit bién “Mechanism” trong tap Iénh xay dung CCTM; Tén tng dung duoc su
dung dé dan nhan nhi phan dau ra va tép nhat ky; Run ID duoc st dung dé theo
ddi s6 phién ban, trinh bién dich va tén trudng hop tng dung; Puong dan thu
muc va tén cia CCTM di duoc xdy dung; Cac bién khac quy dinh cac ngudn
sb liéu co duoc str dung hay khong va vi tri dé s dung chung; va céac bién duoc
st dung dé quy dinh viéc xuét sb liéu dau ra phuc vu cho muc dich cua nguoi
mo phong.

Sau khi thiét 1ap thyc thi CCTM, mo hinh dé sin sang dé chay. Gidng
nhu tap 1énh bidit cctm.csh, dé stra d6i bat ky tuy chon thoi gian chay ndo, hay
chinh sura tap Iénh run_cctm.csh. Sau khi céc cai dat nay duoc cu hinh, st
dung cac 1énh run_cctm.csh & chay CCTM. Dudi déy 13 vi du vé cac tép sb

liéu két qua sau khi thuc hién té€p 1€nh thyc thi run_cctm.csh thanh cong:
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2. Théng ké mot vai s6 liéu va hinh idnh két qua ciia qua trinh mé
phong thuc nghiém

Bang PL.01: S6 liéu nong dé PMa s tai tram Nguyén Van Cir (QT), truéc (BF)

va sau dong héa (AF) tir 00 gio ngay 16/01/2015 dén 23 gio ngay 22/01/2015

Time PMa2s or PMa2s Ar PMa2.5 BF RH (%) Temp
ug/m’ (°0)
16/01/2015 00:00 111,597 123,980 137,629 | 74,153 14,898
16/01/2015 01:00 113,822 125,565 138,777 | 77,362 14,602
16/01/2015 02:00 128,248 139,798 156,951 | 79,105 14,170
16/01/2015 03:00 137,173 148,969 165,891 | 81,805 13,915
16/01/2015 04:00 152,779 161,369 184,949 | 82,993 13,732
16/01/2015 05:00 186,245 167,813 190,741 | 84,266 13,355
16/01/2015 06:00 165,005 172,032 192,868 | 84,700 12,974
16/01/2015 07:00 140,718 172,963 190,917 | 82,142 12,729
16/01/2015 08:00 159,550 172,557 184,894 | 80,087 13,447
16/01/2015 09:00 131,910 160,633 176,369 | 77,116 13,909
16/01/2015 10:00 125,477 141,865 159,778 | 70,881 15,218
16/01/2015 11:00 109,289 118,615 135,869 | 60,934 16,710
16/01/2015 12:00 84,373 90,906 111,003 | 51,615 17,946
16/01/2015 13:00 70,275 80,807 94,667 | 44,497 19,196
16/01/2015 14:00 64,378 77,268 95,542 | 41,170 20,477
16/01/2015 15:00 69,083 77,749 97,820 | 40,654 20,996
16/01/2015 16:00 78,313 87,120 110,226 | 42,920 20,545
16/01/2015 17:00 89,841 100,317 119,236 | 45,115 20,565
16/01/2015 18:00 106,128 113,275 136,290 | 48,842 19,959
16/01/2015 19:00 125,702 128,586 150,677 | 57,257 19,117
16/01/2015 20:00 109,645 131,584 153,977 | 62,821 17,906
16/01/2015 21:00 123,090 134,460 152,448 | 67,106 17,122
16/01/2015 22:00 136,465 137,165 154,245 | 71,597 16,506
16/01/2015 23:00 126,388 135,457 156,267 | 75,148 16,010
17/01/2015 00:00 125,272 135,226 155,752 | 77,116 15,541
17/01/2015 01:00 129,587 137,038 158,635 | 79,444 15,095




167

Time PMa2s or PMa2s AF PMa2.5 BF RH (%) Temp
ug/m’ (°O
17/01/2015 02:00 127,482 140,101 161,894 | 81,418 14,882
17/01/2015 03:00 136,191 147,547 165,586 | 83,161 14,661
17/01/2015 04:00 151,353 160,164 176,602 | 85,078 14,169
17/01/2015 05:00 157,011 169,928 186,683 | 86,549 13,921
17/01/2015 06:00 175,544 182,659 201,082 | 87,372 13,571
17/01/2015 07:00 173,585 183,250 202,853 | 87,632 13,335
17/01/2015 08:00 160,784 179,275 199,578 | 87,098 13,433
17/01/2015 09:00 167,729 174,258 193,258 | 85,780 14,269
17/01/2015 10:00 130,272 150,810 176,655 | 76,709 15,603
17/01/2015 11:00 110,069 131,847 159,998 | 63,178 17,365
17/01/2015 12:00 86,786 109,634 137,991 | 46,806 18,842
17/01/2015 13:00 75,550 100,361 120,382 | 41,139 19,974
17/01/2015 14:00 64,353 95,871 113,027 | 36,059 21,426
17/01/2015 15:00 52,557 92,188 108,503 | 29,417 23,030
17/01/2015 16:00 81,685 91,004 109,400 | 30,289 22,192
17/01/2015 17:00 84,034 92,869 113,798 | 31,575 21,354
17/01/2015 18:00 81,312 92,923 114,563 | 36,421 20,410
17/01/2015 19:00 100,435 93,371 115,266 | 44,355 19,598
17/01/2015 20:00 87,467 97,368 116,541 | 51,888 18,729
17/01/2015 21:00 88,774 101,617 116,496 | 55,750 17,849
17/01/2015 22:00 96,410 107,937 122,732 | 59,754 17,144
17/01/2015 23:00 102,042 109,526 127,002 | 62,620 16,771
18/01/2015 00:00 106,814 114,650 136,357 | 65,153 16,466
18/01/2015 01:00 110,164 119,472 149,511 | 65,829 16,329
18/01/2015 02:00 110,370 128,582 160,087 | 69,021 15,993
18/01/2015 03:00 116,773 155,219 182,890 | 71,760 15,623
18/01/2015 04:00 182,246 183,785 213,233 | 73,027 15,410
18/01/2015 05:00 182,405 189,505 219,486 | 73,205 15,339
18/01/2015 06:00 193,542 188,920 223,470 | 72,112 15,250
18/01/2015 07:00 188,474 185,933 216,539 | 75,380 14,776
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Time PMa2s or PMa2s AF PMa2.5 BF RH (%) Temp
ug/m’ (°O
18/01/2015 08:00 174,626 182,366 205,531 | 78,460 14,761
18/01/2015 09:00 165,332 173,204 189,652 | 74,242 15,605
18/01/2015 10:00 131,888 151,864 169,622 | 63,890 16,829
18/01/2015 11:00 91,771 115,636 147,018 | 51,133 18,248
18/01/2015 12:00 66,803 93,339 124,273 | 44,247 19,500
18/01/2015 13:00 66,182 81,281 98,243 | 39,762 20,757
18/01/2015 14:00 57,588 75,394 89,465 | 34,455 22,098
18/01/2015 15:00 51,140 74,035 87,899 | 29,397 23,519
18/01/2015 16:00 56,062 77,327 86,881 | 31,105 22,757
18/01/2015 17:00 60,403 78,700 89,495 | 33,183 22,192
18/01/2015 18:00 68,095 84,394 94,870 | 34,531 21,618
18/01/2015 19:00 76,923 90,346 107,927 | 39,936 20,893
18/01/2015 20:00 89,914 100,414 118,294 | 43,337 20,225
18/01/2015 21:00 99,056 109,750 123,691 | 49,869 19,661
18/01/2015 22:00 105,025 116,257 130,523 | 53,240 19,000
18/01/2015 23:00 105,538 121,959 133,811 | 54,684 18,727
19/01/2015 00:00 107,078 126,138 138,002 | 57,658 18,082
19/01/2015 01:00 116,642 129,424 143,084 | 59,817 17,785
19/01/2015 02:00 117,724 129,962 147,982 | 62,495 17,370
19/01/2015 03:00 120,920 133,423 150,563 | 66,434 16,915
19/01/2015 04:00 127,889 140,158 156,134 | 67,747 16,865
19/01/2015 05:00 189,749 147,352 165,707 | 65,596 16,889
19/01/2015 06:00 148,209 150,360 164,079 | 65,094 16,840
19/01/2015 07:00 125,445 147,882 162,692 | 65,562 16,271
19/01/2015 08:00 131,615 143,864 159,757 | 63,753 16,044
19/01/2015 09:00 130,055 140,357 156,075 | 59,070 16,680
19/01/2015 10:00 115,774 132,087 147,123 | 53,165 17,610
19/01/2015 11:00 110,004 121,920 140,726 | 49,170 18,621
19/01/2015 12:00 105,241 115,674 131,260 | 45,950 19,496
19/01/2015 13:00 98,104 106,489 123,393 | 41,988 20,557
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Time PMa2s or PMa2s AF PMa2.5 BF RH (%) Temp
ug/m’ (°O
19/01/2015 14:00 88,537 100,005 115,237 | 37,220 22,059
19/01/2015 15:00 85,867 99,390 116,343 | 35,916 22,412
19/01/2015 16:00 91,008 102,634 116,057 | 36,178 22,226
19/01/2015 17:00 96,533 117,800 127,754 | 38,674 21,471
19/01/2015 18:00 113,880 135,765 142,318 | 41,079 20,994
19/01/2015 19:00 145,018 155,454 170,638 | 46,368 20,473
19/01/2015 20:00 157,132 168,617 189,978 | 50,878 19,570
19/01/2015 21:00 179,653 176,074 205,984 | 54,099 19,381
19/01/2015 22:00 187,829 183,349 207,578 | 56,553 19,273
19/01/2015 23:00 170,339 179,639 198,864 | 61,550 18,455
20/01/2015 00:00 146,695 167,443 184,609 | 67,199 17,316
20/01/2015 01:00 141,752 149,471 173,238 | 70,625 16,580
20/01/2015 02:00 129,801 137,824 159,455 | 72,517 16,223
20/01/2015 03:00 119,311 132,161 151,498 | 73,033 16,039
20/01/2015 04:00 118,078 132,903 150,483 | 75,436 15,712
20/01/2015 05:00 121,089 134,852 152,677 | 77,412 15,452
20/01/2015 06:00 130,662 150,785 175,770 | 79,429 15,386
20/01/2015 07:00 143,394 175,351 198,019 | 79,729 15,554
20/01/2015 08:00 187,617 196,861 216,884 | 80,257 15,640
20/01/2015 09:00 189,976 200,997 219,287 | 79,569 16,187
20/01/2015 10:00 170,006 185,524 202,276 | 76,596 17,221
20/01/2015 11:00 138,059 166,293 185,166 | 65,813 18,746
20/01/2015 12:00 97,648 138,706 165,744 | 47,061 20,495
20/01/2015 13:00 81,617 120,356 148,668 | 40,535 21,362
20/01/2015 14:00 78,868 110,175 134,752 | 37,806 22,813
20/01/2015 15:00 80,696 106,996 128,551 | 37,324 23,194
20/01/2015 16:00 89,397 108,355 123,583 | 41,144 22,294
20/01/2015 17:00 95,055 118,796 124,725 | 43,942 22,112
20/01/2015 18:00 100,698 127,756 141,478 | 47,616 21,327
20/01/2015 19:00 127,604 136,105 156,627 | 54,163 20,252
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Time PMa2s or PMa2s AF PMa2.5 BF RH (%) Temp
ug/m’ (°O
20/01/2015 20:00 132,532 141,459 164,553 | 58,665 19,720
20/01/2015 21:00 123,757 152,068 170,210 | 62,882 19,110
20/01/2015 22:00 127,684 158,710 176,747 | 66,959 18,490
20/01/2015 23:00 154,945 162,527 187,149 | 69,648 17,974
21/01/2015 00:00 154,352 176,701 195,303 | 72,583 17,557
21/01/2015 01:00 182,340 189,793 212,857 | 75,177 17,140
21/01/2015 02:00 215,357 205,487 242,647 | 77,066 16,755
21/01/2015 03:00 235,894 213,752 247,809 | 78,773 16,376
21/01/2015 04:00 207,355 219,095 246,674 | 79,991 16,187
21/01/2015 05:00 218,424 221,952 244,880 | 79,405 16,434
21/01/2015 06:00 216,400 223,808 246,050 | 81,545 16,416
21/01/2015 07:00 215,183 221,820 245,757 | 81,945 16,526
21/01/2015 08:00 217,883 219,321 245,832 | 80,808 16,927
21/01/2015 09:00 204,750 213,438 235,757 | 80,415 17,317
21/01/2015 10:00 181,691 194,298 221,672 | 78,723 17,745
21/01/2015 11:00 167,248 174,505 202,155 | 73,476 18,709
21/01/2015 12:00 139,782 152,755 184,066 | 65,587 19,875
21/01/2015 13:00 120,384 126,911 160,911 | 57,247 20,948
21/01/2015 14:00 105,585 118,167 133,433 | 51,220 22,105
21/01/2015 15:00 99,230 111,909 125,189 | 49,181 22,583
21/01/2015 16:00 95,817 108,435 124,529 | 48,964 22,513
21/01/2015 17:00 91,930 109,602 123,679 | 48,618 22,456
21/01/2015 18:00 99,367 121,899 129,636 | 50,722 22,032
21/01/2015 19:00 137,005 130,488 160,381 | 54,588 21,441
21/01/2015 20:00 132,509 139,226 172,773 | 57,007 20,873
21/01/2015 21:00 133,207 162,687 185,032 | 61,058 19,901
21/01/2015 22:00 181,196 180,081 191,715 | 66,918 19,327
21/01/2015 23:00 173,609 185,086 197,887 | 74,292 18,541
22/01/2015 00:00 174,125 186,375 201,973 | 78,892 17,946
22/01/2015 01:00 179,886 189,887 206,571 | 80,967 17,519
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Time PMa2s or PMa2s AF PMa2.5 BF RH (%) Temp
ug/m’ (°O
22/01/2015 02:00 186,602 191,831 210,059 | 81,267 17,211
22/01/2015 03:00 186,414 192,123 211,138 | 81,884 16,852
22/01/2015 04:00 177,168 190,434 209,793 | 83,834 16,521
22/01/2015 05:00 162,954 189,618 207,766 | 85,003 16,265
22/01/2015 06:00 176,376 192,560 208,140 | 85,294 16,151
22/01/2015 07:00 197,682 200,204 214,123 | 85,601 15,918
22/01/2015 08:00 190,849 202,454 217,394 | 84,602 15,937
22/01/2015 09:00 189,934 199,871 219,620 | 82,149 16,342
22/01/2015 10:00 189,116 196,695 215,578 | 78,753 17,358
22/01/2015 11:00 184,135 192,719 213,364 | 73,568 18,753
22/01/2015 12:00 167,407 184,189 204,389 | 66,151 20,487
22/01/2015 13:00 159,886 172,495 191,952 | 57,184 22,327
22/01/2015 14:00 126,207 149,340 172,932 | 45,514 24,311
22/01/2015 15:00 98,165 125,159 144,614 | 38,380 25,684
22/01/2015 16:00 87,199 114,028 134,253 | 38,188 25,171
22/01/2015 17:00 89,161 112,892 135,092 | 41,137 24,317
22/01/2015 18:00 109,403 115,914 141,413 | 47,157 23,219
22/01/2015 19:00 125,152 130,703 149,657 | 53,468 21,900
22/01/2015 20:00 124,624 137,399 153,451 | 56,957 21,028
22/01/2015 21:00 126,456 145,482 158,839 | 62,543 20,235
22/01/2015 22:00 144,608 148,360 165,333 | 71,814 19,457
22/01/2015 23:00 138,577 149,843 167,606 | 75,405 18,859
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Bang PL.02: S6 liéu nong dé PMa s tai tram Nguyén Van Cir (QT), truc (BF)
va sau dong héa (AF) tir 00 gio ngay 05/02/2015 dén 23 gio ngay 11/02/2015

Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/nr’ (%) °0)
05/02/2015 00:00 42,529 54,694 67,252 74,657 13,409
05/02/2015 01:00 34,505 55,236 65,297 74,558 12,979
05/02/2015 02:00 43,173 55,003 64,757 75,468 12,720
05/02/2015 03:00 31,856 51,697 56,869 77,815 12,121
05/02/2015 04:00 31,696 46,873 53,089 79,368 11,791
05/02/2015 05:00 52,665 49,507 54,900 81,047 11,675
05/02/2015 06:00 35,891 51,965 56,479 80,854 11,657
05/02/2015 07:00 40,303 54,144 65,724 84,783 11,300
05/02/2015 08:00 44,599 55,088 66,446 83,170 11,333
05/02/2015 09:00 41,438 58,343 68,215 85,035 11,053
05/02/2015 10:00 42,929 63,460 71,728 87,071 10,889
05/02/2015 11:00 49,520 66,662 75,126 83,113 11,567
05/02/2015 12:00 50,974 67,017 76,070 78,967 11,897
05/02/2015 13:00 45,844 66,528 74,001 72,804 12,530
05/02/2015 14:00 41,361 65,969 72,639 65,539 13,406
05/02/2015 15:00 45,838 64,121 69,806 57,149 14,404
05/02/2015 16:00 42,774 61,555 68,313 54,618 14,547
05/02/2015 17:00 46,152 64,150 70,653 53,803 14,629
05/02/2015 18:00 55,260 72,392 79,739 54,189 14,544
05/02/2015 19:00 61,923 75,316 84,509 55,759 14,420
05/02/2015 20:00 53,333 76,994 88,691 69,531 14,088
05/02/2015 21:00 56,685 79,2775 92,935 75,502 13,755
05/02/2015 22:00 80,699 84,374 93,991 63,938 13,750
05/02/2015 23:00 76,236 87,034 95,269 52,020 13,729
06/02/2015 00:00 77,960 88,347 97,074 49,333 13,485
06/02/2015 01:00 71,009 84,659 94,176 50,023 13,310
06/02/2015 02:00 81,893 81,879 92,950 51,585 13,081
06/02/2015 03:00 85,053 83,862 95,330 54,277 12,814
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Time PM2s ot PM2.5_AF PM2.5_Br RH Temp
ug/m’ (%) (°0)
06/02/2015 04:00 74,715 85,465 97,463 55,700 12,711
06/02/2015 05:00 74,269 90,802 101,915 54,180 12,662
06/02/2015 06:00 79,958 96,357 105,390 53,809 12,597
06/02/2015 07:00 86,153 107,162 111,872 53,647 12,547
06/02/2015 08:00 98,602 112,203 122,288 51,209 12,760
06/02/2015 09:00 97,895 114,467 123,719 50,595 13,025
06/02/2015 10:00 100,066 111,715 123,348 47,195 13,373
06/02/2015 11:00 88,418 110,985 120,467 40,973 13,879
06/02/2015 12:00 87,786 109,681 117,604 35,424 15,456
06/02/2015 13:00 88,709 107,898 113,315 31,908 16,371
06/02/2015 14:00 87,680 108,701 109,813 32,076 16,794
06/02/2015 15:00 90,476 108,523 113,393 34,113 16,547
06/02/2015 16:00 97,154 112,891 118,198 35,671 16,346
06/02/2015 17:00 103,145 118,464 128,115 36,213 16,310
06/02/2015 18:00 111,284 129,919 135,175 37,923 16,134
06/02/2015 19:00 116,111 134,646 140,507 41,359 15,890
06/02/2015 20:00 121,443 140,000 144,723 45,158 15,616
06/02/2015 21:00 123,370 141,689 149,328 47,587 15,247
06/02/2015 22:00 133,555 145,729 153,163 51,958 14,706
06/02/2015 23:00 136,423 148,334 158,020 55,087 14,377
07/02/2015 00:00 133,731 143,137 155,674 56,328 14,409
07/02/2015 01:00 107,580 133,844 147,864 58,982 14,462
07/02/2015 02:00 94,851 121,876 137,111 61,634 14,379
07/02/2015 03:00 85,645 114,763 124,759 61,993 14,511
07/02/2015 04:00 92,718 114,570 121,164 61,114 14,607
07/02/2015 05:00 98,850 117,119 126,238 62,192 14,603
07/02/2015 06:00 103,071 128,320 141,792 64,543 14,680
07/02/2015 07:00 126,683 150,488 165,279 68,686 14,525
07/02/2015 08:00 165,323 181,588 188,969 73,615 14,158
07/02/2015 09:00 168,586 185,951 195,639 70,818 14,386
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Time PM2s ot PM2.5_AF PM2.5_Br RH Temp
ug/m’ (%) (°0)
07/02/2015 10:00 166,271 181,315 197,330 67,543 14,540
07/02/2015 11:00 157,503 172,443 188,363 66,885 14,663
07/02/2015 12:00 128,416 151,702 168,174 65,867 14,840
07/02/2015 13:00 121,782 141,420 145,227 65,842 14,930
07/02/2015 14:00 115,236 133,087 138,154 65,339 14,941
07/02/2015 15:00 114,385 129,487 137,668 64,575 15,255
07/02/2015 16:00 113,057 129,528 136,667 65,470 15,193
07/02/2015 17:00 119,450 134,317 138,665 67,009 15,186
07/02/2015 18:00 125,648 142,910 147,380 69,080 15,091
07/02/2015 19:00 139,692 150,370 162,467 71,823 14,952
07/02/2015 20:00 141,654 151,432 163,316 75,007 14,468
07/02/2015 21:00 117,118 138,554 155,023 84,395 13,623
07/02/2015 22:00 99,285 124,611 138,501 87,560 13,419
07/02/2015 23:00 91,917 112,094 124,752 88,435 13,283
08/02/2015 00:00 81,969 102,771 116,956 89,185 13,083
08/02/2015 01:00 81,114 99,417 111,164 89,131 13,234
08/02/2015 02:00 80,028 100,995 111,707 87,404 13,408
08/02/2015 03:00 91,415 109,380 118,906 82,552 13,651
08/02/2015 04:00 103,619 120,015 128,178 79,129 13,734
08/02/2015 05:00 114,250 123,508 134,705 81,754 13,760
08/02/2015 06:00 106,466 120,807 129,245 85,549 13,725
08/02/2015 07:00 95,872 114,800 124,256 85,608 13,875
08/02/2015 08:00 103,900 113,847 122,837 84,896 14,058
08/02/2015 09:00 104,094 122,147 130,272 83,333 14,348
08/02/2015 10:00 120,044 128,418 137,433 78,098 15,099
08/02/2015 11:00 107,466 124,883 133,066 51,817 16,225
08/02/2015 12:00 95,100 115,683 127,005 36,840 17,129
08/02/2015 13:00 90,536 106,828 121,775 32,290 17,758
08/02/2015 14:00 86,354 101,887 113,669 30,327 18,298
08/02/2015 15:00 76,809 97,396 107,383 26,633 19,746
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Time PM2s ot PM2.5_AF PM2.5_Br RH Temp
ug/m’ (%) (°0)
08/02/2015 16:00 79,199 100,716 108,211 27,133 19,485
08/02/2015 17:00 91,464 106,430 121,445 28,895 19,207
08/02/2015 18:00 93,914 116,270 136,229 31,190 18,673
08/02/2015 19:00 109,884 134,748 150,462 38,047 17,335
08/02/2015 20:00 138,850 153,093 164,270 43,086 16,702
08/02/2015 21:00 151,998 169,337 170,935 45,885 16,492
08/02/2015 22:00 158,979 171,024 180,889 49,859 16,130
08/02/2015 23:00 153,016 168,594 187,124 52,190 15,784
09/02/2015 00:00 180,674 164,117 188,697 53,904 15,876
09/02/2015 01:00 151,362 162,216 183,198 53,817 16,043
09/02/2015 02:00 147,077 159,203 176,536 55,519 16,144
09/02/2015 03:00 154,900 161,960 174,428 58,817 15,994
09/02/2015 04:00 154,963 166,925 178,826 62,940 15,794
09/02/2015 05:00 156,647 177,251 197,451 64,746 15,728
09/02/2015 06:00 185,337 195,267 210,000 67,035 15,585
09/02/2015 07:00 186,270 202,947 215,772 66,459 15,584
09/02/2015 08:00 193,601 205,608 217,918 64,044 15,817
09/02/2015 09:00 172,996 205,853 215,386 63,708 15,741
09/02/2015 10:00 185,424 202,163 214,532 64,248 15,876
09/02/2015 11:00 189,522 199,816 211,159 61,720 16,194
09/02/2015 12:00 184,572 190,315 204,460 58,938 16,490
09/02/2015 13:00 141,129 178,285 192,650 52,834 16,933
09/02/2015 14:00 146,558 166,565 181,007 54,044 17,121
09/02/2015 15:00 144,957 161,961 174,231 53,109 17,547
09/02/2015 16:00 142,870 160,460 172,919 52,774 17,793
09/02/2015 17:00 145,213 163,250 170,665 53,788 17,718
09/02/2015 18:00 151,216 170,836 175,782 55,328 17,506
09/02/2015 19:00 159,281 175,193 183,360 58,419 17,181
09/02/2015 20:00 157,631 181,495 190,514 60,943 16,839
09/02/2015 21:00 152,166 188,460 196,380 60,673 16,679




176

Time PM2s ot PM2.5_AF PM2.5_Br RH Temp
ug/m’ (%) (°0)
09/02/2015 22:00 165,814 193,626 204,688 62,005 16,613
09/02/2015 23:00 178,941 195,634 205,835 63,938 16,589
10/02/2015 00:00 182,421 194,186 205,645 65,926 16,314
10/02/2015 01:00 163,486 185,749 198,133 64,720 16,244
10/02/2015 02:00 163,830 176,787 189,508 64,813 16,226
10/02/2015 03:00 149,950 172,232 184,427 63,985 16,144
10/02/2015 04:00 152,942 173,247 183,943 66,456 15,913
10/02/2015 05:00 159,255 180,419 190,570 69,152 15,881
10/02/2015 06:00 170,994 189,598 206,121 71,490 15,828
10/02/2015 07:00 199,239 210,089 223,444 75,912 15,762
10/02/2015 08:00 203,214 212,470 224,842 77,254 15,843
10/02/2015 09:00 181,816 206,286 218,605 78,374 15,778
10/02/2015 10:00 171,064 197,843 212,074 77,249 15,781
10/02/2015 11:00 173,817 188,246 202,531 74,061 16,410
10/02/2015 12:00 171,993 184,250 195,253 69,568 17,043
10/02/2015 13:00 171,177 185,838 193,510 67,251 17,513
10/02/2015 14:00 174,203 193,800 192,876 66,295 17,770
10/02/2015 15:00 174,182 194,456 191,750 69,956 17,722
10/02/2015 16:00 173,915 193,842 190,224 73,095 17,606
10/02/2015 17:00 174,607 185,645 187,248 75,910 17,544
10/02/2015 18:00 160,411 176,418 184,880 77,510 17,346
10/02/2015 19:00 148,534 172,387 181,237 78,866 17,144
10/02/2015 20:00 139,755 170,655 179,781 79,783 16,896
10/02/2015 21:00 154,471 171,934 178,114 81,109 16,699
10/02/2015 22:00 160,718 173,568 180,013 81,325 16,649
10/02/2015 23:00 157,058 176,385 191,234 81,918 16,525
11/02/2015 00:00 164,581 183,745 202,784 81,886 16,499
11/02/2015 01:00 223,298 185,291 205,719 83,035 16,266
11/02/2015 02:00 172,253 182,803 203,140 83,936 16,241
11/02/2015 03:00 170,874 178,876 199,739 86,277 15,963




177

Time PM2s ot PM2.5_AF PM2.5_Br RH Temp
ug/m’ (%) (°0)
11/02/2015 04:00 165,756 170,282 190,574 88,453 15,751
11/02/2015 05:00 133,112 152,461 176,087 89,597 15,621
11/02/2015 06:00 112,501 138,852 157,229 90,285 15,611
11/02/2015 07:00 103,790 125,556 145,872 90,731 15,608
11/02/2015 08:00 85,695 116,812 135,327 90,931 15,379
11/02/2015 09:00 88,109 110,622 124,559 90,923 14,867
11/02/2015 10:00 86,405 106,367 117,468 90,645 14,262
11/02/2015 11:00 89,592 100,857 112,843 90,453 13,989
11/02/2015 12:00 75,838 95,075 108,907 90,155 13,823
11/02/2015 13:00 71,092 90,883 103,351 89,596 13,990
11/02/2015 14:00 70,591 89,197 99,476 85,811 14,664
11/02/2015 15:00 76,108 88,122 96,583 77,600 15,577
11/02/2015 16:00 68,002 91,553 97,685 71,194 16,164
11/02/2015 17:00 61,502 98,987 104,861 68,570 16,412
11/02/2015 18:00 76,842 106,068 111,037 68,328 16,449
11/02/2015 19:00 96,960 113,806 118,002 69,528 16,370
11/02/2015 20:00 105,240 122,007 128,703 71,224 16,312
11/02/2015 21:00 111,948 121,555 131,087 72,991 16,292
11/02/2015 22:00 102,053 115,779 127,145 79,068 16,100
11/02/2015 23:00 95,325 109,682 120,435 84,365 15,898




178

Bang PL.03: S6 liéu nong dé PMa s tai tram Nguyén Van Cir (QT), trudc (BF)
va sau dong héa (AF) tir 00 gio ngay 04/07/2017 dén 23 gio ngay 10/07/2017

Time PMa2s or PMa2s Ar PMa2.5 BF Temp (°C)
ug/m’
04/07/2017 00:00 36,723 43,421 48,583 29,337
04/07/2017 01:00 24,474 35,316 42,245 29,311
04/07/2017 02:00 40,605 33,354 41,922 29,138
04/07/2017 03:00 24,827 31,412 37,718 28,394
04/07/2017 04:00 20,050 27,120 23,327 28,252
04/07/2017 05:00 14,506 24,660 21,839 27,988
04/07/2017 06:00 14,362 21,997 22,553 27,897
04/07/2017 07:00 15,928 23,045 23,502 28,134
04/07/2017 08:00 15,285 22,431 25,290 29,118
04/07/2017 09:00 15,813 23,064 23,470 30,450
04/07/2017 10:00 12,761 19,564 24,450 32,061
04/07/2017 11:00 11,941 17,812 24,714 33,068
04/07/2017 12:00 13,313 18,655 25,175 33,306
04/07/2017 13:00 13,066 18,792 23,182 33,955
04/07/2017 14:00 11,086 18,319 21,179 33,970
04/07/2017 15:00 8,072 18,085 21,509 34,349
04/07/2017 16:00 13,877 18,818 22,684 32,267
04/07/2017 17:00 11,036 19,961 24,455 29,345
04/07/2017 18:00 27,176 25,301 30,031 29,724
04/07/2017 19:00 19,685 25,860 29,124 28,868
04/07/2017 20:00 17,882 24,929 28,124 28,551
04/07/2017 21:00 9,370 22,635 25,552 27,045
04/07/2017 22:00 13,270 20,646 25,408 26,761
04/07/2017 23:00 13,145 19,273 25,639 27,100
05/07/2017 00:00 14,573 18,585 23,560 27,324
05/07/2017 01:00 12,730 17,630 22,926 27,834
05/07/2017 02:00 11,532 18,952 22,693 28,519
05/07/2017 03:00 15,369 20,188 25,339 28,405
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Time PMa25 or PMa2s Ar PMa25 BF Temp (°C)
ug/m’
05/07/2017 04:00 13,486 19,381 25,457 28,266
05/07/2017 05:00 14,275 19,665 26,994 28,208
05/07/2017 06:00 18,541 22,245 28,687 28,228
05/07/2017 07:00 16,579 23,160 27,520 28,462
05/07/2017 08:00 18,963 23,807 26,202 29,274
05/07/2017 09:00 15,208 22,287 24,041 30,364
05/07/2017 10:00 12,400 19,405 23,700 32,063
05/07/2017 11:00 9,857 17,784 21,777 32,854
05/07/2017 12:00 7,969 14,767 18,640 32,710
05/07/2017 13:00 6,947 13,165 17,032 29,961
05/07/2017 14:00 7,240 14,109 17,117 30,042
05/07/2017 15:00 9,211 16,000 18,691 31,956
05/07/2017 16:00 9,180 16,425 20,681 32,541
05/07/2017 17:00 11,299 17,495 21,554 32,245
05/07/2017 18:00 12,588 18,788 21,825 31,812
05/07/2017 19:00 12,979 20,491 25,175 31,287
05/07/2017 20:00 13,218 20,072 24,364 30,660
05/07/2017 21:00 10,757 20,825 23,405 30,188
05/07/2017 22:00 16,550 22,498 24,984 29,944
05/07/2017 23:00 14,618 21,725 23,843 29,680
06/07/2017 00:00 12,447 18,804 22,857 29,317
06/07/2017 01:00 11,183 18,469 23,917 29,033
06/07/2017 02:00 11,583 18,548 22,553 28,929
06/07/2017 03:00 7,493 19,662 20,816 28,781
06/07/2017 04:00 12,363 20,815 22,847 28,571
06/07/2017 05:00 20,010 24,612 27,152 28,451
06/07/2017 06:00 19,306 25,814 26,654 28,387
06/07/2017 07:00 17,716 24,210 26,822 28,492
06/07/2017 08:00 15,577 22,437 26,128 29,507
06/07/2017 09:00 14,015 20,172 23,482 30,827
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Time PMa25 or PMa2s Ar PMa25 BF Temp (°C)
ug/m’
06/07/2017 10:00 13,647 20,603 24,139 31,775
06/07/2017 11:00 11,330 19,252 23,358 32,580
06/07/2017 12:00 10,278 18,061 19,967 33,036
06/07/2017 13:00 10,786 17,790 20,462 32,902
06/07/2017 14:00 10,047 16,238 20,784 33,700
06/07/2017 15:00 7,640 14,179 19,879 33,287
06/07/2017 16:00 5,469 14,033 20,950 33,007
06/07/2017 17:00 7,546 15,105 20,343 32,299
06/07/2017 18:00 7,978 15,872 19,071 31,903
06/07/2017 19:00 9,373 17,024 17,923 31,440
06/07/2017 20:00 8,491 15,446 19,108 30,851
06/07/2017 21:00 9,888 15,537 19,694 30,410
06/07/2017 22:00 12,178 16,309 21,672 30,113
06/07/2017 23:00 12,315 17,327 20,812 29,847
07/07/2017 00:00 13,305 19,133 23,085 29,585
07/07/2017 01:00 13,517 19,000 26,023 29,497
07/07/2017 02:00 14,970 20,687 28,024 29,405
07/07/2017 03:00 17,526 23,267 30,277 29,181
07/07/2017 04:00 17,171 23,495 29,370 29,014
07/07/2017 05:00 15,969 23,750 25,663 28,853
07/07/2017 06:00 17,761 24,958 25,683 28,725
07/07/2017 07:00 17,821 23,940 25,594 28,957
07/07/2017 08:00 10,911 22,951 24,485 28,478
07/07/2017 09:00 19,398 21,808 25,672 28,686
07/07/2017 10:00 12,324 20,106 25,870 31,434
07/07/2017 11:00 13,772 20,167 24,355 31,276
07/07/2017 12:00 17,181 24,565 24,102 30,497
07/07/2017 13:00 18,412 24,614 25,564 30,694
07/07/2017 14:00 17,682 25,408 27,183 31,494
07/07/2017 15:00 21,085 26,280 29,456 32,173




181

Time PMa25 or PMa2s Ar PMa25 BF Temp (°C)
ug/m’
07/07/2017 16:00 19,596 24,490 30,117 32,314
07/07/2017 17:00 17,409 23,828 29,247 33,081
07/07/2017 18:00 17,674 23,561 28,723 32,083
07/07/2017 19:00 19,009 23,524 30,524 31,071
07/07/2017 20:00 17,151 23,415 29,713 29,556
07/07/2017 21:00 18,047 20,703 25,406 28,894
07/07/2017 22:00 3,233 13,438 16,588 27,204
07/07/2017 23:00 3,975 11,065 14,977 25,547
08/07/2017 00:00 4,011 11,680 15,500 25,318
08/07/2017 01:00 5,539 11,494 16,110 25,297
08/07/2017 02:00 4,533 11,568 16,898 25,101
08/07/2017 03:00 7,528 12,502 17,912 25,078
08/07/2017 04:00 13,124 14,888 20,755 25,281
08/07/2017 05:00 10,504 16,732 21,189 25,467
08/07/2017 06:00 15,828 19,183 23,735 25,652
08/07/2017 07:00 11,989 22,066 25,980 25,624
08/07/2017 08:00 20,028 26,758 29,669 25,925
08/07/2017 09:00 24,651 29,787 33,166 26,928
08/07/2017 10:00 23,667 29,462 32,178 28,348
08/07/2017 11:00 18,983 26,683 31,634 29,826
08/07/2017 12:00 18,086 25,504 29,980 31,010
08/07/2017 13:00 18,263 23,982 27,704 31,724
08/07/2017 14:00 16,264 21,195 26,569 32,244
08/07/2017 15:00 12,595 19,976 26,324 33,024
08/07/2017 16:00 13,607 19,089 25,151 33,357
08/07/2017 17:00 9,937 17,041 20,962 33,136
08/07/2017 18:00 9,133 15,401 19,634 31,649
08/07/2017 19:00 6,954 13,406 19,111 30,076
08/07/2017 20:00 5,934 12,244 19,477 26,728
08/07/2017 21:00 6,797 11,870 20,167 26,042




182

Time PMa25 or PMa2s Ar PMa25 BF Temp (°C)
ug/m’
08/07/2017 22:00 6,198 11,634 19,802 25,983
08/07/2017 23:00 10,506 15,495 24,902 26,265
09/07/2017 00:00 17,174 20,273 27,086 26,255
09/07/2017 01:00 15,773 21,227 27,288 26,816
09/07/2017 02:00 14,559 21,661 25,659 27,104
09/07/2017 03:00 13,830 22,692 24,465 27,083
09/07/2017 04:00 17,417 23,476 24,726 26,999
09/07/2017 05:00 16,347 22,065 24,700 26,926
09/07/2017 06:00 12,000 19,216 25,345 26,933
09/07/2017 07:00 11,793 18,247 21,815 27,204
09/07/2017 08:00 11,641 18,276 21,280 27,772
09/07/2017 09:00 11,451 17,941 20,328 28,700
09/07/2017 10:00 11,664 17,560 21,637 29,666
09/07/2017 11:00 9,072 16,495 21,987 30,792
09/07/2017 12:00 9,265 15,579 22,121 32,546
09/07/2017 13:00 9,853 15,884 21,887 32,883
09/07/2017 14:00 8,134 14,709 21,635 33,102
09/07/2017 15:00 9,357 14,919 21,358 33,009
09/07/2017 16:00 9,031 16,864 20,855 32,972
09/07/2017 17:00 10,585 17,486 22,264 33,302
09/07/2017 18:00 10,364 17,541 22,702 33,080
09/07/2017 19:00 12,214 17,579 23,640 32,560
09/07/2017 20:00 13,572 18,988 24,951 31,786
09/07/2017 21:00 15,121 20,123 25,369 31,317
09/07/2017 22:00 16,180 19,916 25,924 30,892
09/07/2017 23:00 14,925 19,691 24,946 30,596
10/07/2017 00:00 14,092 19,974 22,471 30,243
10/07/2017 01:00 13,774 21,050 21,784 29,861
10/07/2017 02:00 13,730 21,106 22,416 29,638
10/07/2017 03:00 15,226 21,112 24,320 29,400




183

Time PMa25 or PMa2s Ar PMa25 BF Temp (°C)
ug/m’
10/07/2017 04:00 16,064 22,801 24,441 29,204
10/07/2017 05:00 18,295 23,953 25,420 29,112
10/07/2017 06:00 20,376 25,872 27,723 29,113
10/07/2017 07:00 21,798 26,646 32,778 29,258
10/07/2017 08:00 19,626 27,237 31,957 29,554
10/07/2017 09:00 19,964 27,760 32,832 29,902
10/07/2017 10:00 27,270 27,831 34,468 30,563
10/07/2017 11:00 27,949 26,426 33,206 31,191
10/07/2017 12:00 14,931 22,647 27,506 32,128
10/07/2017 13:00 15,317 21,073 27,403 30,841
10/07/2017 14:00 12,506 20,374 23,768 29,983
10/07/2017 15:00 11,485 20,402 20,572 29,566
10/07/2017 16:00 12,830 21,484 22,134 29,043
10/07/2017 17:00 18,076 23,226 24,989 28,861
10/07/2017 18:00 13,618 25,649 30,267 28,859
10/07/2017 19:00 26,541 26,735 30,284 28,883
10/07/2017 20:00 21,855 25,976 29,921 28,465
10/07/2017 21:00 16,205 23,386 27,572 27,703
10/07/2017 22:00 16,041 21,032 28,371 26,882
10/07/2017 23:00 11,069 17,015 24,532 26,030




184

Bdng PL.04: S6 liéu nong a6 PM> s tai tram Trung Yén (QT), truéc (BF)
va sau dong héa (AF) tir 00 gio ngay 04/07/2017 dén 23 gio ngay 10/07/2017

Time PM:25_qr PMa2.5_aF PM:2.5_BF RH Temp
ug/nr’ (%) °0)
04/07/2017 00:00 38,91 28,326 41,516 82,60 28,90
04/07/2017 01:00 37,32 27,369 39,033 66,70 29,50
04/07/2017 02:00 19,48 14,700 20,263 75,70 28,80
04/07/2017 03:00 15,97 12,030 18,901 72,40 28,80
04/07/2017 04:00 15,61 12,287 17,439 72,90 28,50
04/07/2017 05:00 10,37 12,575 18,757 73,80 28,20
04/07/2017 06:00 18,16 14,977 19,239 72,60 28,30
04/07/2017 07:00 36,88 23,285 30,194 71,20 28,70
04/07/2017 08:00 34,38 24,508 32,503 68,60 29,10
04/07/2017 09:00 23,92 25,622 31,098 60,80 31,30
04/07/2017 10:00 24,08 27,469 32,002 58,20 31,90
04/07/2017 11:00 31,33 29,654 35,253 55,80 32,30
04/07/2017 12:00 33,89 29,018 33,114 55,10 32,60
04/07/2017 13:00 19,55 26,802 33,601 55,70 32,70
04/07/2017 14:00 29,38 25,604 31,100 59,70 32,20
04/07/2017 15:00 21,31 23,294 24,304 75,50 28,60
04/07/2017 16:00 10,77 23,756 21,776 79,10 27,50
04/07/2017 17:00 25,97 24,014 31,010 71,80 29,00
04/07/2017 18:00 35,61 24,725 32,946 72,60 29,00
04/07/2017 19:00 25,39 23,641 33,013 75,50 28,90
04/07/2017 20:00 19,72 22,498 30,354 83,90 27,80
04/07/2017 21:00 21,10 21,851 27,878 79,90 27,80
04/07/2017 22:00 23,51 19,006 26,802 77,60 28,70
04/07/2017 23:00 9,44 16,731 27,280 78,00 28,90
05/07/2017 00:00 13,81 17,466 30,793 81,60 28,40
05/07/2017 01:00 26,65 16,959 30,152 81,90 28,40
05/07/2017 02:00 19,96 16,148 25,451 81,60 28,40
05/07/2017 03:00 18,88 15,417 22,419 82,70 28,30




185

Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
05/07/2017 04:00 16,81 17,085 22,844 83,10 28,30
05/07/2017 05:00 25,44 18,127 21,005 84,40 28,20
05/07/2017 06:00 14,74 16,944 20,438 84,90 28,10
05/07/2017 07:00 20,13 15,175 19,084 82,60 28,60
05/07/2017 08:00 13,26 14,509 17,765 79,10 29,20
05/07/2017 09:00 14,08 12,406 18,393 71,20 30,60
05/07/2017 10:00 13,18 11,456 17,208 69,70 30,80
05/07/2017 11:00 13,90 11,766 16,542 72,90 30,00
05/07/2017 12:00 15,87 14,041 17,410 78,50 28,80
05/07/2017 13:00 16,25 16,676 17,401 74,90 28,50
05/07/2017 14:00 15,14 17,600 21,119 68,70 30,30
05/07/2017 15:00 19,28 18,987 22,488 62,20 32,10
05/07/2017 16:00 10,11 19,958 22,628 66,60 30,70
05/07/2017 17:00 10,97 19,141 27,553 63,60 31,10
05/07/2017 18:00 25,41 20,098 30,749 68,60 30,60
05/07/2017 19:00 16,68 20,590 30,402 70,80 30,10
05/07/2017 20:00 20,98 20,774 28,064 74,00 29,70
05/07/2017 21:00 25,99 21,500 28,000 75,60 29,30
05/07/2017 22:00 19,77 20,311 21,832 75,30 29,20
05/07/2017 23:00 8,06 19,133 23,161 76,40 28,90
06/07/2017 00:00 12,54 19,004 25,740 76,70 28,80
06/07/2017 01:00 26,12 19,269 26,028 78,00 28,60
06/07/2017 02:00 18,19 19,000 26,551 83,20 27,50
06/07/2017 03:00 18,50 22,013 27,648 86,80 26,50
06/07/2017 04:00 45,88 24,477 28,525 85,70 27,20
06/07/2017 05:00 28,39 26,494 27,759 84,70 27,60
06/07/2017 06:00 26,84 26,840 26,979 83,10 28,00
06/07/2017 07:00 22,75 23,475 24,884 81,60 28,40
06/07/2017 08:00 35,93 20,604 22,961 79,00 29,10
06/07/2017 09:00 17,25 17,304 23,867 73,20 30,10




186

Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
06/07/2017 10:00 12,42 16,195 24,604 68,80 30,70
06/07/2017 11:00 19,95 15,856 25,702 65,80 31,50
06/07/2017 12:00 18,07 15,980 24,940 63,40 32,30
06/07/2017 13:00 19,19 15,670 22,963 64,80 31,90
06/07/2017 14:00 18,03 15,029 20,842 61,20 33,00
06/07/2017 15:00 18,50 14,425 18,649 69,90 30,60
06/07/2017 16:00 18,13 15,717 20,911 60,70 31,80
06/07/2017 17:00 25,03 18,944 27,425 58,60 31,30
06/07/2017 18:00 27,40 19,041 26,800 71,60 29,50
06/07/2017 19:00 23,13 19,415 27,615 73,00 29,50
06/07/2017 20:00 26,46 20,317 29,540 72,20 30,00
06/07/2017 21:00 12,13 23,621 31,000 74,90 29,50
06/07/2017 22:00 20,55 25,652 32,761 76,40 29,30
06/07/2017 23:00 37,35 28,217 33,674 78,00 29,10
07/07/2017 00:00 30,50 28,832 34,097 78,80 29,00
07/07/2017 01:00 22,95 27,005 30,375 79,70 28,90
07/07/2017 02:00 16,48 26,232 25,601 81,60 28,70
07/07/2017 03:00 11,57 24,885 24,756 82,40 28,60
07/07/2017 04:00 21,86 23,997 27,400 82,00 28,60
07/07/2017 05:00 38,47 23,273 28,472 82,10 28,50
07/07/2017 06:00 30,69 23,057 28,030 83,60 28,40
07/07/2017 07:00 24,74 22,746 27,564 82,10 28,70
07/07/2017 08:00 16,42 21,401 23,881 78,00 28,20
07/07/2017 09:00 11,73 20,036 22,733 72,60 29,80
07/07/2017 10:00 18,23 17,561 22,543 78,30 28,80
07/07/2017 11:00 17,41 16,803 22,038 74,70 29,60
07/07/2017 12:00 21,63 16,682 21,012 78,60 29,10
07/07/2017 13:00 14,81 17,082 19,829 72,80 30,20
07/07/2017 14:00 11,72 18,139 18,659 65,30 31,70
07/07/2017 15:00 14,11 20,754 20,249 65,10 32,00
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
07/07/2017 16:00 26,09 22,272 24,260 66,90 31,60
07/07/2017 17:00 23,76 24,197 26,340 64,40 31,50
07/07/2017 18:00 29,44 25,613 27,659 67,40 30,30
07/07/2017 19:00 29,92 24,792 28,609 74,50 28,80
07/07/2017 20:00 21,24 21,427 27,772 86,50 28,40
07/07/2017 21:00 16,65 14,873 24,408 90,90 24,90
07/07/2017 22:00 1,14 13,572 22,614 91,20 25,60
07/07/2017 23:00 29,96 12,982 21,666 88,70 25,20
08/07/2017 00:00 12,86 12,154 20,082 87,10 25,20
08/07/2017 01:00 8,73 9,865 18,137 88,70 25,40
08/07/2017 02:00 6,57 8,447 17,329 86,90 25,50
08/07/2017 03:00 7,37 8,894 15,464 86,40 25,70
08/07/2017 04:00 8,18 10,124 14,315 86,80 25,60
08/07/2017 05:00 17,55 13,683 14,637 88,70 25,30
08/07/2017 06:00 21,11 16,949 20,130 89,40 25,40
08/07/2017 07:00 19,45 17,614 20,992 85,50 25,90
08/07/2017 08:00 17,72 18,990 21,922 81,40 26,50
08/07/2017 09:00 29,03 20,974 22,710 75,90 28,00
08/07/2017 10:00 20,70 21,053 23,116 74,60 28,40
08/07/2017 11:00 22,53 22,266 24,701 68,80 29,90
08/07/2017 12:00 33,85 23,174 27,080 67,70 30,20
08/07/2017 13:00 27,49 23,840 26,203 61,80 31,70
08/07/2017 14:00 25,70 25,340 27,109 63,90 31,40
08/07/2017 15:00 28,81 28,319 30,072 61,30 32,30
08/07/2017 16:00 39,22 27,676 31,886 64,10 32,30
08/07/2017 17:00 20,46 28,390 31,249 73,00 29,90
08/07/2017 18:00 31,03 27,598 28,009 73,00 30,00
08/07/2017 19:00 21,27 19,703 20,149 84,50 26,60
08/07/2017 20:00 16,84 15,462 16,331 87,50 26,00
08/07/2017 21:00 16,27 14,987 16,106 87,20 26,20
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
08/07/2017 22:00 10,70 16,151 18,342 86,10 26,30
08/07/2017 23:00 12,84 17,999 20,402 86,30 26,40
09/07/2017 00:00 20,43 20,379 25,674 80,70 27,20
09/07/2017 01:00 19,56 20,964 26,078 80,40 27,10
09/07/2017 02:00 33,34 18,052 26,216 85,30 26,80
09/07/2017 03:00 18,84 16,344 28,883 87,20 26,70
09/07/2017 04:00 11,98 17,823 30,724 86,70 26,70
09/07/2017 05:00 22,00 19,778 30,281 85,20 26,80
09/07/2017 06:00 26,30 20,382 27,839 83,70 27,00
09/07/2017 07:00 19,72 20,294 22,182 79,50 27,30
09/07/2017 08:00 15,40 20,188 20,500 77,30 28,00
09/07/2017 09:00 21,15 19,886 19,359 73,60 28,80
09/07/2017 10:00 18,04 16,966 20,948 69,60 29,70
09/07/2017 11:00 15,08 14,167 21,122 67,20 30,40
09/07/2017 12:00 13,88 13,627 19,221 62,10 31,30
09/07/2017 13:00 21,56 14,586 20,225 60,70 32,20
09/07/2017 14:00 20,49 15,165 22,286 59,30 32,60
09/07/2017 15:00 19,50 15,755 23,909 58,60 32,40
09/07/2017 16:00 21,90 18,155 24,668 55,90 32,80
09/07/2017 17:00 25,66 19,249 26,403 59,10 32,70
09/07/2017 18:00 18,51 20,370 26,449 60,30 32,10
09/07/2017 19:00 26,76 22,218 27,282 64,40 31,70
09/07/2017 20:00 28,97 23,107 28,786 69,10 31,10
09/07/2017 21:00 20,61 23,111 27,258 65,40 31,00
09/07/2017 22:00 26,14 22,451 26,880 74,40 30,10
09/07/2017 23:00 18,18 19,096 23,475 73,50 30,20
10/07/2017 00:00 17,51 17,655 20,125 78,20 29,90
10/07/2017 01:00 14,33 17,647 20,765 78,80 29,60
10/07/2017 02:00 25,87 19,461 21,951 79,20 29,50
10/07/2017 03:00 26,05 20,688 24,158 78,60 29,40
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
10/07/2017 04:00 27,42 21,245 25,761 78,00 29,20
10/07/2017 05:00 17,74 19,398 26,030 76,30 29,20
10/07/2017 06:00 13,67 18,870 26,398 76,10 29,00
10/07/2017 07:00 20,02 19,997 27,116 80,30 28,70
10/07/2017 08:00 24,62 22,985 29,023 84,00 28,70
10/07/2017 09:00 33,40 27,036 29,929 82,10 29,20
10/07/2017 10:00 37,03 27,352 30,027 77,20 29,70
10/07/2017 11:00 31,46 27,651 29,536 67,70 31,20
10/07/2017 12:00 25,89 23,519 27,629 68,90 30,60
10/07/2017 13:00 20,32 17,597 22,668 65,90 29,90
10/07/2017 14:00 14,73 15,648 21,774 66,90 29,40
10/07/2017 15:00 13,43 14,398 20,258 67,40 29,30
10/07/2017 16:00 16,08 15,276 21,647 72,80 29,20
10/07/2017 17:00 31,64 20,067 22,351 75,30 28,90
10/07/2017 18:00 39,85 21,938 23,856 74,50 28,60
10/07/2017 19:00 16,80 22,882 24,934 77,60 28,30
10/07/2017 20:00 27,33 26,347 26,795 83,40 26,90
10/07/2017 21:00 30,02 27,414 27,621 85,30 26,30
10/07/2017 22:00 25,41 26,507 29,302 84,20 26,50
10/07/2017 23:00 24,10 23,603 27,918 84,60 26,40
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Bdng PL.05: 86 liéu nong d6 PM. s tai tram Minh Khai (OT), trudc (BF)
va sau dong héa (AF) tir 00 gio ngay 04/07/2017 dén 23 gio ngay 10/07/2017

Time PM2s_or PM2.5_AF PM:2.5_gr RH Temp
ug/m’ (%) (°0)
04/07/2017 00:00 31,22 33,17 40,53 91,20 27,70
04/07/2017 01:00 18,10 30,41 41,86 90,90 27,70
04/07/2017 02:00 28,15 30,60 42,24 81,80 27,80
04/07/2017 03:00 27,18 31,05 42,86 82,30 28,00
04/07/2017 04:00 30,56 29,47 44,09 82,00 27,70
04/07/2017 05:00 26,71 29,28 45,69 81,90 27,50
04/07/2017 06:00 42,78 28,98 46,51 82,40 27,50
04/07/2017 07:00 35,11 27,42 43,37 79,50 28,20
04/07/2017 08:00 25,54 26,11 39,98 74,20 29,40
04/07/2017 09:00 16,93 26,75 42,19 74,00 31,20
04/07/2017 10:00 12,37 29,35 45,04 73,40 31,20
04/07/2017 11:00 37,58 36,45 47,62 70,60 32,40
04/07/2017 12:00 56,63 38,94 50,30 67,50 32,60
04/07/2017 13:00 45,57 40,38 52,55 64,30 32,90
04/07/2017 14:00 24,20 41,53 54,94 66,40 31,50
04/07/2017 15:00 63,08 42,31 56,82 84,00 28,00
04/07/2017 16:00 31,49 45,61 57,25 90,10 25,80
04/07/2017 17:00 60,44 47,93 57,34 88,70 26,70
04/07/2017 18:00 50,53 48,93 64,50 88,50 26,50
04/07/2017 19:00 51,30 50,48 67,05 87,40 27,20
04/07/2017 20:00 96,52 48,85 67,51 92,60 26,60
04/07/2017 21:00 76,30 47,72 59,54 92,30 26,60
04/07/2017 22:00 33,37 38,46 53,29 92,70 26,70
04/07/2017 23:00 24,80 27,56 48,78 93,10 27,10
05/07/2017 00:00 17,68 25,77 46,99 93,80 26,80
05/07/2017 01:00 12,44 24,83 45,94 91,00 27,30
05/07/2017 02:00 21,83 25,00 45,24 90,50 27,40
05/07/2017 03:00 30,26 30,64 45,61 94,60 26,90
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
05/07/2017 04:00 32,40 33,45 47,30 93,60 27,10
05/07/2017 05:00 44,37 37,62 56,69 93,30 27,10
05/07/2017 06:00 47,41 38,58 58,77 93,60 27,10
05/07/2017 07:00 39,22 37,69 53,96 89,50 28,10
05/07/2017 08:00 15,41 29,70 37,31 81,90 29,30
05/07/2017 09:00 16,73 22,96 30,03 75,40 30,20
05/07/2017 10:00 17,43 23,32 27,15 70,90 31,60
05/07/2017 11:00 17,17 25,99 31,20 76,50 30,10
05/07/2017 12:00 27,52 27,95 35,56 90,90 26,80
05/07/2017 13:00 24,39 28,48 37,78 94,10 25,10
05/07/2017 14:00 31,53 30,50 42,56 92,30 27,80
05/07/2017 15:00 29,44 33,54 44,73 74,50 30,60
05/07/2017 16:00 35,98 33,40 43,80 75,30 30,70
05/07/2017 17:00 23,85 31,38 43,17 79,40 29,90
05/07/2017 18:00 29,82 30,31 43,18 84,40 28,90
05/07/2017 19:00 25,77 29,92 38,94 88,40 28,40
05/07/2017 20:00 27,05 28,14 36,13 77,50 29,30
05/07/2017 21:00 21,26 25,07 32,35 78,20 29,10
05/07/2017 22:00 5,11 21,82 31,21 78,00 28,90
05/07/2017 23:00 9,15 21,91 31,57 79,80 28,70
06/07/2017 00:00 30,92 21,90 31,84 81,00 28,30
06/07/2017 01:00 24,74 21,20 32,39 81,00 28,40
06/07/2017 02:00 21,88 22,73 35,92 86,80 26,80
06/07/2017 03:00 23,98 23,97 34,44 93,80 25,30
06/07/2017 04:00 20,70 26,25 33,26 94,90 25,50
06/07/2017 05:00 23,39 27,03 34,51 94,10 25,90
06/07/2017 06:00 29,98 30,06 35,97 95,10 26,10
06/07/2017 07:00 28,35 31,72 36,27 93,30 27,10
06/07/2017 08:00 25,61 31,82 33,58 90,00 28,00
06/07/2017 09:00 16,32 20,64 30,47 80,10 30,10
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
06/07/2017 10:00 5,29 19,52 27,31 74,10 30,90
06/07/2017 11:00 12,46 18,64 24,13 69,00 32,10
06/07/2017 12:00 15,76 17,39 25,36 63,50 33,20
06/07/2017 13:00 15,96 18,86 26,51 64,40 33,40
06/07/2017 14:00 13,52 20,18 28,95 65,60 32,30
06/07/2017 15:00 18,53 20,55 31,18 64,20 32,60
06/07/2017 16:00 15,54 20,65 32,68 71,50 30,80
06/07/2017 17:00 17,16 22,66 33,79 66,60 31,20
06/07/2017 18:00 27,56 23,20 36,21 68,00 30,70
06/07/2017 19:00 26,10 24,70 36,57 73,40 30,30
06/07/2017 20:00 12,09 26,79 38,83 74,80 30,10
06/07/2017 21:00 16,11 28,77 40,87 75,70 29,70
06/07/2017 22:00 33,25 29,34 41,62 76,50 29,30
06/07/2017 23:00 25,84 31,75 41,79 79,80 29,10
07/07/2017 00:00 43,52 33,36 40,90 80,90 29,10
07/07/2017 01:00 30,10 36,46 40,57 81,80 29,00
07/07/2017 02:00 35,61 36,92 38,93 82,90 28,90
07/07/2017 03:00 20,32 34,05 37,11 90,80 27,70
07/07/2017 04:00 28,34 30,51 38,93 89,70 27,80
07/07/2017 05:00 26,22 27,54 37,67 89,50 27,70
07/07/2017 06:00 25,74 26,63 36,07 88,70 28,00
07/07/2017 07:00 41,57 23,29 30,91 88,30 28,40
07/07/2017 08:00 18,38 21,46 29,24 78,80 28,90
07/07/2017 09:00 15,13 23,30 33,02 72,80 30,70
07/07/2017 10:00 29,78 25,83 37,31 71,70 31,20
07/07/2017 11:00 20,10 26,06 37,20 73,40 31,00
07/07/2017 12:00 22,03 25,23 31,80 75,20 30,80
07/07/2017 13:00 11,51 26,26 32,82 75,20 30,70
07/07/2017 14:00 32,30 37,01 44,49 69,20 32,00
07/07/2017 15:00 49,11 38,59 47,60 68,40 32,20
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
07/07/2017 16:00 32,26 36,30 45,30 65,60 32,80
07/07/2017 17:00 25,97 31,45 42,08 68,20 31,90
07/07/2017 18:00 23,95 28,96 39,98 67,30 30,10
07/07/2017 19:00 34,21 26,24 38,54 81,70 28,00
07/07/2017 20:00 28,07 25,13 36,37 88,50 27,60
07/07/2017 21:00 20,19 23,62 33,99 94,00 25,70
07/07/2017 22:00 27,23 22,02 30,71 94,90 25,20
07/07/2017 23:00 15,33 21,04 28,75 94,20 24,80
08/07/2017 00:00 15,54 21,29 28,24 94,30 25,10
08/07/2017 01:00 18,91 20,82 27,28 94,70 24,90
08/07/2017 02:00 15,94 20,37 27,90 94,90 24,90
08/07/2017 03:00 17,47 21,46 30,98 93,50 25,00
08/07/2017 04:00 20,40 22,64 29,66 93,30 25,10
08/07/2017 05:00 14,04 20,59 28,77 93,20 25,10
08/07/2017 06:00 18,75 21,39 28,01 94,90 25,20
08/07/2017 07:00 26,85 21,70 27,45 95,10 25,60
08/07/2017 08:00 22,89 21,88 27,72 93,10 25,90
08/07/2017 09:00 18,97 22,81 27,60 86,50 26,90
08/07/2017 10:00 20,37 25,08 31,47 78,50 28,70
08/07/2017 11:00 20,18 27,27 33,88 72,90 30,20
08/07/2017 12:00 25,84 28,25 36,42 68,70 31,60
08/07/2017 13:00 24,56 25,44 37,05 64,20 32,60
08/07/2017 14:00 22,14 23,41 36,88 60,90 33,50
08/07/2017 15:00 17,69 24,32 35,05 65,00 32,20
08/07/2017 16:00 20,59 23,38 32,78 63,80 32,30
08/07/2017 17:00 16,97 20,43 30,99 66,70 31,90
08/07/2017 18:00 15,79 20,63 30,47 90,80 26,50
08/07/2017 19:00 17,03 18,57 30,03 94,80 25,40
08/07/2017 20:00 14,30 17,09 29,40 94,90 25,50
08/07/2017 21:00 11,32 15,31 26,78 94,50 25,70
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
08/07/2017 22:00 11,16 16,20 27,05 94,00 26,10
08/07/2017 23:00 17,08 19,74 30,84 94,40 25,90
09/07/2017 00:00 24,29 24,20 32,63 94,40 25,80
09/07/2017 01:00 19,38 28,68 34,70 92,60 25,80
09/07/2017 02:00 26,22 31,23 36,99 93,40 25,70
09/07/2017 03:00 29,65 30,38 37,08 93,10 25,90
09/07/2017 04:00 25,26 26,74 37,63 92,30 26,10
09/07/2017 05:00 26,03 26,06 38,09 93,10 26,10
09/07/2017 06:00 24,84 23,42 35,81 91,80 26,30
09/07/2017 07:00 16,93 23,98 37,17 89,90 26,80
09/07/2017 08:00 25,30 24,53 39,49 81,90 28,10
09/07/2017 09:00 31,89 26,38 38,71 78,30 28,80
09/07/2017 10:00 22,85 27,97 38,87 76,00 29,50
09/07/2017 11:00 38,52 30,09 39,87 71,70 30,80
09/07/2017 12:00 27,97 29,75 39,28 64,80 32,10
09/07/2017 13:00 23,59 27,75 37,90 63,70 32,60
09/07/2017 14:00 19,21 28,54 35,98 65,90 32,20
09/07/2017 15:00 25,03 29,71 37,12 66,70 32,00
09/07/2017 16:00 35,11 30,40 38,25 61,50 32,90
09/07/2017 17:00 25,44 31,73 39,09 64,40 32,20
09/07/2017 18:00 32,78 37,20 43,88 67,80 31,70
09/07/2017 19:00 48,72 45,68 52,24 70,70 31,00
09/07/2017 20:00 52,65 44,90 52,80 74,70 30,60
09/07/2017 21:00 24,10 40,28 51,33 75,30 30,30
09/07/2017 22:00 23,10 38,88 48,51 75,30 30,10
09/07/2017 23:00 38,39 37,96 46,37 717,70 29,90
10/07/2017 00:00 29,99 35,89 42,30 77,60 29,80
10/07/2017 01:00 20,32 33,64 40,86 81,90 29,40
10/07/2017 02:00 26,66 32,67 39,75 82,70 29,10
10/07/2017 03:00 38,49 32,45 40,15 78,80 29,20
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
10/07/2017 04:00 28,60 32,56 40,59 79,70 29,10
10/07/2017 05:00 33,45 31,46 38,30 82,50 28,50
10/07/2017 06:00 28,21 29,87 36,33 85,60 28,40
10/07/2017 07:00 20,63 25,57 36,51 89,90 28,10
10/07/2017 08:00 22,33 26,07 37,21 88,50 28,50
10/07/2017 09:00 25,87 28,86 36,72 83,70 29,30
10/07/2017 10:00 27,00 32,36 38,07 76,90 30,10
10/07/2017 11:00 18,28 34,85 39,70 71,00 30,60
10/07/2017 12:00 33,51 35,36 40,92 69,50 30,50
10/07/2017 13:00 31,76 32,32 40,53 69,40 29,90
10/07/2017 14:00 23,11 27,73 38,39 68,10 29,40
10/07/2017 15:00 16,94 26,51 36,61 72,60 29,00
10/07/2017 16:00 15,43 26,59 36,44 79,20 28,90
10/07/2017 17:00 24,99 24,17 37,01 76,40 28,50
10/07/2017 18:00 18,56 24,90 39,98 717,80 28,70
10/07/2017 19:00 28,47 30,15 43,53 80,70 27,90
10/07/2017 20:00 44,54 34,57 45,76 88,80 26,90
10/07/2017 21:00 38,05 35,11 47,72 90,70 26,10
10/07/2017 22:00 32,92 34,84 46,07 89,30 26,30
10/07/2017 23:00 27,90 34,18 42,30 89,20 26,30
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Bang PL.06: So liéu nong dé PMa s tai tram Nguyén Van Cir (QT), truéc (BF)
va sau dong héa (AF) tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017

Time PMzs_or PM2.5_AF PM:2.5_gr RH Temp
ug/m’ (%) (°0)
06/09/2017 00:00 8,811 17,672 25,226 29,191
06/09/2017 01:00 10,874 18,683 22,866 28,880
06/09/2017 02:00 14,979 20,389 23,770 28,503
06/09/2017 03:00 18,454 23,399 28,678 28,241
06/09/2017 04:00 19,360 27,411 32,235 27,946
06/09/2017 05:00 17,572 28,298 30,814 27,732
06/09/2017 06:00 16,786 27,610 29,067 27,627
06/09/2017 07:00 18,110 25,472 31,025 27,904
06/09/2017 08:00 20,960 26,336 31,808 28,579
06/09/2017 09:00 20,915 29,662 30,925 29,576
06/09/2017 10:00 25,377 31,372 31,375 30,731
06/09/2017 11:00 22,454 28,143 32,379 31,555
06/09/2017 12:00 21,222 26,532 32,054 32,044
06/09/2017 13:00 14,362 24,119 27,075 32,973
06/09/2017 14:00 15,168 24,768 27,627 33,082
06/09/2017 15:00 19,878 27,613 28,685 32,772
06/09/2017 16:00 18,620 28,891 29,603 32,662
06/09/2017 17:00 20,263 27,513 27,498 32,643
06/09/2017 18:00 15,024 25,576 25,884 31,939
06/09/2017 19:00 16,802 24,547 26,522 31,323
06/09/2017 20:00 18,489 23,447 27,588 30,951
06/09/2017 21:00 14,627 20,742 24,219 30,669
06/09/2017 22:00 10,766 18,529 22,317 30,501
06/09/2017 23:00 14,950 20,125 21,911 30,263
07/09/2017 00:00 14,127 24,958 22,765 29,969
07/09/2017 01:00 17,114 25,551 24,751 29,787
07/09/2017 02:00 16,772 26,458 29,447 29,444
07/09/2017 03:00 12,292 29,033 32,710 28,905
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
07/09/2017 04:00 31,797 35,682 41,557 28,092
07/09/2017 05:00 30,388 37,794 41,600 27,906
07/09/2017 06:00 27,279 35,106 39,273 27,872
07/09/2017 07:00 12,220 20,229 20,650 27,712
07/09/2017 08:00 10,481 18,613 19,460 27,771
07/09/2017 09:00 14,818 20,227 24,586 28,534
07/09/2017 10:00 13,754 21,819 27,143 29,131
07/09/2017 11:00 22,580 22,871 28,415 29,657
07/09/2017 12:00 9,039 20,956 26,568 30,890
07/09/2017 13:00 9,940 20,578 24,733 31,613
07/09/2017 14:00 10,438 20,948 22,832 31,252
07/09/2017 15:00 7,534 19,133 21,181 28,442
07/09/2017 16:00 9,398 20,830 22,076 27,883
07/09/2017 17:00 15,085 22,138 26,595 28,111
07/09/2017 18:00 12,822 23,521 27,027 27,730
07/09/2017 19:00 16,657 24,070 26,293 27,260
07/09/2017 20:00 14,787 21,544 23,304 27,161
07/09/2017 21:00 12,496 21,517 21,401 27,288
07/09/2017 22:00 12,928 22,647 25,506 27,299
07/09/2017 23:00 14,910 23,049 25,246 27,229
08/09/2017 00:00 13,685 25,378 26,247 27,100
08/09/2017 01:00 18,578 28,212 26,955 27,000
08/09/2017 02:00 22,818 31,878 31,052 26,936
08/09/2017 03:00 23,513 33,682 32,322 26,799
08/09/2017 04:00 28,605 36,152 36,535 26,734
08/09/2017 05:00 30,777 38,974 38,346 26,871
08/09/2017 06:00 32,324 41,414 41,770 26,769
08/09/2017 07:00 30,528 39,317 39,734 27,064
08/09/2017 08:00 21,268 32,367 34,481 28,003
08/09/2017 09:00 19,783 27,077 30,568 29,082
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
08/09/2017 10:00 14,703 24,533 28,643 30,115
08/09/2017 11:00 16,020 22,847 26,913 30,455
08/09/2017 12:00 19,471 20,768 24,486 29,437
08/09/2017 13:00 8,203 16,414 22,115 26,598
08/09/2017 14:00 9,714 15,314 21,136 26,276
08/09/2017 15:00 9,755 16,130 22,286 26,423
08/09/2017 16:00 15,365 20,139 23,231 26,460
08/09/2017 17:00 17,230 24,574 29,451 27,094
08/09/2017 18:00 18,195 28,168 32,628 28,294
08/09/2017 19:00 25,817 30,693 33,287 28,261
08/09/2017 20:00 19,187 27,366 30,536 28,168
08/09/2017 21:00 11,251 24,572 30,312 28,104
08/09/2017 22:00 17,858 23,602 29,494 27,853
08/09/2017 23:00 19,069 24,289 27,344 28,114
09/09/2017 00:00 14,325 24,645 28,902 28,217
09/09/2017 01:00 17,627 27,195 30,138 27,993
09/09/2017 02:00 24,471 31,594 33,149 27,771
09/09/2017 03:00 20,010 31,159 31,322 27,675
09/09/2017 04:00 18,439 27911 27,144 27,554
09/09/2017 05:00 8,850 26,371 27,433 26,479
09/09/2017 06:00 18,003 25,160 25,513 26,906
09/09/2017 07:00 13,135 23,431 24,468 27,231
09/09/2017 08:00 6,083 17,577 20,734 26,513
09/09/2017 09:00 5,360 17,037 13,682 26,270
09/09/2017 10:00 8,023 18,626 17,616 26,015
09/09/2017 11:00 14,246 20,393 25,143 26,232
09/09/2017 12:00 15,628 21,688 23,569 26,595
09/09/2017 13:00 15,192 21,671 23,703 27,033
09/09/2017 14:00 9,382 22,043 20,055 27,418
09/09/2017 15:00 13,013 22,198 20,433 28,680




199

Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
09/09/2017 16:00 12,838 20,815 22,752 29,121
09/09/2017 17:00 10,714 20,385 22,594 29,234
09/09/2017 18:00 11,121 19,579 21,820 29,070
09/09/2017 19:00 12,268 18,705 20,585 28,711
09/09/2017 20:00 11,293 17,935 19,791 28,300
09/09/2017 21:00 8,727 18,336 18,994 27,995
09/09/2017 22:00 10,351 16,685 21,763 27,763
09/09/2017 23:00 8,672 14,723 20,083 27,039
10/09/2017 00:00 8,093 14,787 18,538 26,330
10/09/2017 01:00 7,533 15,019 18,880 26,238
10/09/2017 02:00 7,579 15,364 19,174 26,129
10/09/2017 03:00 1,905 15,813 19,823 25,251
10/09/2017 04:00 4,546 16,072 19,458 24,444
10/09/2017 05:00 5,200 16,766 19,740 24,348
10/09/2017 06:00 8,710 18,940 18,414 24,783
10/09/2017 07:00 8,314 18,461 17,860 24,704
10/09/2017 08:00 8,063 20,627 17,458 24,787
10/09/2017 09:00 12,257 23,708 22,245 24,834
10/09/2017 10:00 17,325 26,432 26,519 25,618
10/09/2017 11:00 15,643 26,189 27,639 27,719
10/09/2017 12:00 14,773 23,728 22,774 30,065
10/09/2017 13:00 14,470 23,587 21,846 31,324
10/09/2017 14:00 12,813 24,112 21,186 32,457
10/09/2017 15:00 16,430 26,242 26,998 32,083
10/09/2017 16:00 18,192 27,607 27,196 31,715
10/09/2017 17:00 13,269 28,436 28,057 31,658
10/09/2017 18:00 17,904 27,580 27,993 31,088
10/09/2017 19:00 17,501 24,607 26,708 30,099
10/09/2017 20:00 16,077 22,597 24,473 29,657
10/09/2017 21:00 11,233 22,570 25,615 29,315
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
10/09/2017 22:00 15,501 23,894 25,941 28,981
10/09/2017 23:00 13,423 23,777 23,917 28,617
11/09/2017 00:00 10,663 22,174 22,556 28,366
11/09/2017 01:00 10,741 20,797 21,492 28,113
11/09/2017 02:00 9,875 18,052 19,436 27,933
11/09/2017 03:00 11,346 18,369 19,802 27,920
11/09/2017 04:00 18,154 20,363 28,592 27,862
11/09/2017 05:00 17,815 20,779 30,455 27,783
11/09/2017 06:00 4,098 14,782 18,286 25,655
11/09/2017 07:00 2,695 13,732 18,913 24,188
11/09/2017 08:00 7,243 16,148 18,988 24,047
11/09/2017 09:00 9,980 18,466 21,395 24,755
11/09/2017 10:00 13,515 19,457 22,034 25,631
11/09/2017 11:00 13,989 20,583 23,839 26,584
11/09/2017 12:00 12,673 20,893 25,843 27,603
11/09/2017 13:00 11,939 19,901 23,759 28,136
11/09/2017 14:00 10,401 18,522 23,481 28,888
11/09/2017 15:00 6,862 15,732 17,980 29,656
11/09/2017 16:00 7,610 16,037 16,712 30,109
11/09/2017 17:00 8,905 16,204 20,454 30,130
11/09/2017 18:00 12,063 19,344 21,229 29,939
11/09/2017 19:00 13,813 22,471 24,304 29,560
11/09/2017 20:00 15,615 26,875 27,314 28,757
11/09/2017 21:00 24,608 32,554 31,685 28,406
11/09/2017 22:00 30,818 37,211 42,161 28,150
11/09/2017 23:00 36,418 46,557 55,939 28,036
12/09/2017 00:00 63,119 54,731 64,266 27,957
12/09/2017 01:00 54,687 57,638 67,226 27,597
12/09/2017 02:00 52,678 59,762 67,727 27,283
12/09/2017 03:00 54,995 60,011 67,597 27,023
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
12/09/2017 04:00 54,360 58,920 64,505 26,770
12/09/2017 05:00 41,838 56,956 63,459 26,634
12/09/2017 06:00 63,107 56,488 62,282 26,486
12/09/2017 07:00 51,229 54,907 60,239 26,617
12/09/2017 08:00 43,781 51,704 54,855 27,402
12/09/2017 09:00 35,402 42,579 48,007 28,498
12/09/2017 10:00 22,471 38,363 43,825 29,610
12/09/2017 11:00 26,098 35,284 41,908 30,740
12/09/2017 12:00 26,172 32,804 38,439 31,423
12/09/2017 13:00 26,286 34,178 34,031 32,185
12/09/2017 14:00 22,890 32,682 33,805 32,229
12/09/2017 15:00 22,740 31,911 33,674 31,552
12/09/2017 16:00 22,791 29,075 31,553 30,741
12/09/2017 17:00 17,975 24,732 29,715 30,004
12/09/2017 18:00 13,511 23,560 26,334 29,156
12/09/2017 19:00 16,357 26,118 28,380 28,720
12/09/2017 20:00 21,393 27,635 30,812 28,493
12/09/2017 21:00 22,323 28,494 30,050 28,306
12/09/2017 22:00 20,419 29,433 29,507 28,307
12/09/2017 23:00 24,158 29,734 31,708 28,206
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Bdng PL.07: 86 liéu nong a6 PM> s tai tram Trung Yén (QT), truéc (BF)
va sau dong héa (AF) tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017

Time PMa2s or PMa25 AF PMa2.5 BF RH (%) | Temp °C
pg/m3

06/09/2017 00:00 28,01 32,69 36,56 76,60 28,80
06/09/2017 01:00 37,51 29,72 34,29 77,60 28,50
06/09/2017 02:00 25,26 23,59 32,92 79,00 28,30
06/09/2017 03:00 21,48 21,00 34,09 80,00 28,10
06/09/2017 04:00 22,93 22,11 35,37 85,00 27,60
06/09/2017 05:00 24,29 24,96 37,72 85,70 27,50
06/09/2017 06:00 26,19 26,18 38,09 85,60 27,50
06/09/2017 07:00 31,67 28,73 36,37 84,50 27,90
06/09/2017 08:00 37,16 27,96 34,90 76,70 29,30
06/09/2017 09:00 18,94 22,93 31,71 72,00 30,10
06/09/2017 10:00 20,30 22,51 28,17 66,20 31,20
06/09/2017 11:00 23,68 22,35 28,42 67,20 31,40
06/09/2017 12:00 16,01 20,65 24,39 61,20 32,20
06/09/2017 13:00 18,90 18,91 23,76 61,00 32,70
06/09/2017 14:00 12,29 19,29 25,32 61,20 32,80
06/09/2017 15:00 21,53 21,48 32,56 64,30 32,30
06/09/2017 16:00 24,22 22,30 34,70 60,90 32,70
06/09/2017 17:00 22,84 24,64 37,23 62,10 32,30
06/09/2017 18:00 37,05 27,03 39,07 73,20 31,10
06/09/2017 19:00 31,29 27,76 38,99 76,70 30,60
06/09/2017 20:00 24,35 26,79 35,23 78,10 30,30
06/09/2017 21:00 23,48 25,30 32,56 79,20 29,80
06/09/2017 22:00 22,04 22,39 31,01 78,70 29,90
06/09/2017 23:00 18,77 20,49 29,28 78,40 29,80
07/09/2017 00:00 16,99 16,80 28,14 80,10 29,50
07/09/2017 01:00 13,71 15,56 28,16 80,90 29,40
07/09/2017 02:00 14,73 16,17 27,66 80,80 29,30
07/09/2017 03:00 15,96 15,36 27,07 83,80 29,00
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Time PMa2s or PMa25 AF PMa2.5 BF RH (%) | Temp °C
pg/m3

07/09/2017 04:00 11,72 13,64 26,13 83,50 28,10
07/09/2017 05:00 12,26 13,03 24,79 83,40 27,90
07/09/2017 06:00 15,09 13,31 26,84 84,40 27,90
07/09/2017 07:00 17,95 15,66 25,98 77,10 27,00
07/09/2017 08:00 18,28 17,18 23,59 74,90 27,80
07/09/2017 09:00 16,53 18,91 28,70 75,70 28,30
07/09/2017 10:00 23,82 20,45 32,04 75,80 28,70
07/09/2017 11:00 21,82 21,32 30,45 71,70 29,40
07/09/2017 12:00 19,56 18,37 27,45 62,60 31,80
07/09/2017 13:00 13,66 15,21 21,23 64,60 31,30
07/09/2017 14:00 12,08 14,66 19,73 66,60 30,90
07/09/2017 15:00 14,82 16,57 27,74 76,20 27,60
07/09/2017 16:00 20,50 18,88 30,60 73,80 27,70
07/09/2017 17:00 22,85 23,34 31,18 76,60 26,90
07/09/2017 18:00 23,28 25,45 31,71 80,00 26,70
07/09/2017 19:00 26,12 25,98 32,37 77,50 27,00
07/09/2017 20:00 22,24 24,19 31,50 74,90 27,20
07/09/2017 21:00 21,28 22,10 30,06 77,60 26,90
07/09/2017 22:00 24,08 20,49 30,31 74,00 27,10
07/09/2017 23:00 15,04 18,14 29,17 76,60 27,10
08/09/2017 00:00 14,28 16,75 26,86 78,40 27,00
08/09/2017 01:00 15,92 18,03 25,12 79,60 27,00
08/09/2017 02:00 20,21 19,82 24,96 80,80 27,00
08/09/2017 03:00 20,59 20,26 24,38 81,60 26,90
08/09/2017 04:00 22,69 24,33 28,92 81,20 26,90
08/09/2017 05:00 23,29 25,38 30,12 79,20 26,70
08/09/2017 06:00 22,22 25,96 32,68 78,40 26,80
08/09/2017 07:00 26,61 26,03 31,76 77,00 27,40
08/09/2017 08:00 28,53 24,53 29,91 76,50 28,10
08/09/2017 09:00 17,24 21,67 26,43 76,50 28,80
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Time PMa2s or PMa25 AF PMa2.5 BF RH (%) | Temp °C
pg/m3

08/09/2017 10:00 20,02 18,83 25,71 81,40 28,70
08/09/2017 11:00 15,03 17,47 25,52 75,40 29,90
08/09/2017 12:00 16,03 15,93 23,91 76,80 28,80
08/09/2017 13:00 18,87 14,61 20,84 81,70 27,80
08/09/2017 14:00 12,14 13,77 19,09 81,50 28,30
08/09/2017 15:00 11,99 13,51 19,19 81,80 28,30
08/09/2017 16:00 12,08 14,51 19,76 78,80 28,40
08/09/2017 17:00 15,34 15,91 24,35 77,00 28,90
08/09/2017 18:00 21,89 20,54 26,75 80,40 28,50
08/09/2017 19:00 22,11 23,14 28,40 82,20 28,60
08/09/2017 20:00 20,75 23,26 30,15 83,40 27,60
08/09/2017 21:00 21,87 23,94 31,70 86,60 27,60
08/09/2017 22:00 25,05 25,31 34,78 86,70 28,10
08/09/2017 23:00 32,38 26,55 36,02 87,60 28,10
09/09/2017 00:00 33,14 28,81 35,72 88,20 27,90
09/09/2017 01:00 27,54 29,28 33,96 87,80 27,80
09/09/2017 02:00 28,74 28,85 33,76 87,50 27,80
09/09/2017 03:00 26,36 29,10 36,23 87,40 27,70
09/09/2017 04:00 25,91 26,70 35,90 88,00 27,70
09/09/2017 05:00 23,66 25,79 34,41 88,60 27,90
09/09/2017 06:00 26,89 27,84 35,51 88,60 27,90
09/09/2017 07:00 38,33 28,71 33,90 86,60 28,20
09/09/2017 08:00 27,12 26,20 31,17 81,20 28,00
09/09/2017 09:00 11,63 19,39 26,89 80,60 27,50
09/09/2017 10:00 12,73 16,38 25,77 79,60 27,80
09/09/2017 11:00 15,25 14,82 25,53 79,90 27,70
09/09/2017 12:00 20,02 13,01 24,85 81,30 28,20
09/09/2017 13:00 13,93 14,38 23,95 82,50 28,40
09/09/2017 14:00 20,69 19,16 26,55 78,40 29,30
09/09/2017 15:00 27,67 22,76 29,87 80,90 28,90
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Time PMa2s or PMa25 AF PMa2.5 BF RH (%) | Temp °C
pg/m3

09/09/2017 16:00 27,98 26,64 30,90 79,30 29,30
09/09/2017 17:00 27,70 28,79 32,18 79,50 29,10
09/09/2017 18:00 24,37 27,67 29,87 81,50 28,60
09/09/2017 19:00 36,71 25,07 25,70 83,40 28,40
09/09/2017 20:00 31,59 23,33 20,14 84,40 28,10
09/09/2017 21:00 12,68 20,55 19,50 82,60 27,90
09/09/2017 22:00 12,36 20,61 20,83 83,40 27,60
09/09/2017 23:00 24,81 23,96 29,96 85,80 26,50
10/09/2017 00:00 23,97 24,01 32,31 86,50 26,50
10/09/2017 01:00 20,22 22,30 31,68 87,90 26,80
10/09/2017 02:00 13,37 15,48 26,96 86,90 26,00
10/09/2017 03:00 8,08 11,48 22,41 84,40 25,70
10/09/2017 04:00 8,48 9,63 20,19 80,60 25,40
10/09/2017 05:00 7,53 9,58 20,51 86,30 25,20
10/09/2017 06:00 11,15 11,98 21,70 87,80 25,10
10/09/2017 07:00 10,56 13,84 22,38 88,10 25,40
10/09/2017 08:00 12,77 15,49 23,49 85,40 25,80
10/09/2017 09:00 13,88 17,78 26,36 81,80 26,50
10/09/2017 10:00 21,38 18,74 26,71 75,10 27,70
10/09/2017 11:00 12,82 15,76 23,20 70,50 29,70
10/09/2017 12:00 13,01 14,53 22,45 69,50 30,30
10/09/2017 13:00 18,90 13,21 22,67 66,00 31,80
10/09/2017 14:00 17,80 12,47 22,02 62,50 32,40
10/09/2017 15:00 14,70 13,93 22,42 72,10 30,80
10/09/2017 16:00 13,41 14,89 24,95 67,90 31,30
10/09/2017 17:00 15,62 15,14 24,20 64,20 31,20
10/09/2017 18:00 17,90 16,73 23,60 73,30 30,60
10/09/2017 19:00 14,47 19,01 26,21 83,40 29,40
10/09/2017 20:00 24,78 21,69 30,40 84,50 29,30
10/09/2017 21:00 22,95 22,45 29,03 85,20 28,90
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Time PMa2s or PMa25 AF PMa2.5 BF RH (%) | Temp °C
pg/m3

10/09/2017 22:00 19,11 20,33 26,97 82,70 28,90
10/09/2017 23:00 15,74 18,78 26,20 84,10 28,40
11/09/2017 00:00 15,04 17,39 26,18 84,40 28,30
11/09/2017 01:00 19,48 17,88 25,43 84,70 28,20
11/09/2017 02:00 14,53 16,64 23,87 85,50 28,00
11/09/2017 03:00 15,20 14,30 21,16 86,20 27,90
11/09/2017 04:00 11,65 14,09 20,52 86,60 27,90
11/09/2017 05:00 12,78 15,67 20,41 83,30 26,40
11/09/2017 06:00 15,61 16,75 22,90 86,20 25,20
11/09/2017 07:00 19,47 18,69 27,14 85,60 25,10
11/09/2017 08:00 24,44 17,58 28,19 85,20 25,30
11/09/2017 09:00 14,64 15,37 26,89 80,80 25,80
11/09/2017 10:00 11,72 13,10 25,30 77,30 26,30
11/09/2017 11:00 13,45 13,03 25,25 73,90 27,50
11/09/2017 12:00 14,04 12,41 24,85 72,60 28,20
11/09/2017 13:00 12,43 13,51 23,39 70,00 28,60
11/09/2017 14:00 14,12 14,19 22,41 64,70 30,20
11/09/2017 15:00 13,96 15,93 23,51 62,30 30,30
11/09/2017 16:00 12,29 16,36 24,34 63,80 30,20
11/09/2017 17:00 15,21 17,24 24,86 62,60 30,80
11/09/2017 18:00 13,59 16,82 26,14 67,00 29,80
11/09/2017 19:00 14,15 16,62 26,56 70,70 29,30
11/09/2017 20:00 14,86 13,53 25,67 73,20 29,10
11/09/2017 21:00 14,32 13,18 24,25 75,90 28,70
11/09/2017 22:00 11,92 13,11 23,72 78,20 28,30
11/09/2017 23:00 12,97 12,95 22,84 78,90 28,30
12/09/2017 00:00 12,28 12,95 23,24 79,70 28,20
12/09/2017 01:00 11,19 11,86 21,27 81,70 27,80
12/09/2017 02:00 11,65 9,99 22,44 83,80 27,50
12/09/2017 03:00 12,28 10,72 23,42 84,40 27,20
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Time PMa2s or PMa25 AF PMa2.5 BF RH (%) | Temp °C
pg/m3

12/09/2017 04:00 13,17 12,99 22,61 84,90 27,20
12/09/2017 05:00 15,36 15,24 23,90 86,20 27,00
12/09/2017 06:00 18,31 18,10 24,35 87,30 26,60
12/09/2017 07:00 22,82 18,33 25,85 82,60 27,30
12/09/2017 08:00 26,78 17,60 26,72 75,70 28,90
12/09/2017 09:00 14,70 18,04 27,22 73,70 29,30
12/09/2017 10:00 18,56 20,81 26,14 67,40 30,30
12/09/2017 11:00 21,17 21,11 25,95 61,40 31,90
12/09/2017 12:00 22,29 20,26 24,55 64,00 31,20
12/09/2017 13:00 14,35 19,81 25,29 60,10 32,20
12/09/2017 14:00 13,89 19,65 26,46 59,80 32,10
12/09/2017 15:00 17,69 19,38 27,78 64,60 31,70
12/09/2017 16:00 20,50 18,14 26,87 72,70 30,20
12/09/2017 17:00 17,29 17,20 25,84 73,30 29,80
12/09/2017 18:00 18,45 18,23 26,32 75,20 29,10
12/09/2017 19:00 23,35 22,78 29,82 76,20 28,80
12/09/2017 20:00 25,24 24,42 30,64 74,90 28,70
12/09/2017 21:00 27,26 24,02 33,14 77,40 28,20
12/09/2017 22:00 22,12 20,60 32,99 77,70 28,20
12/09/2017 23:00 20,20 19,70 24,16 77,90 28,10
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Bdng PL.08: 86 liéu nong d6 PM. s tai tram Minh Khai (OT), trudc (BF)
va sau dong héa (AF) tir 00 gio ngay 06/09/2017 dén 23 gio ngay 12/09/2017

Time PM2s_or PM2.5_AF PM:2.5_gr RH Temp
ug/m’ (%) (°0)
06/09/2017 00:00 49,89 52,17 58,96 82,20 28,40
06/09/2017 01:00 56,99 56,62 64,09 85,90 27,80
06/09/2017 02:00 64,63 57,34 65,11 88,60 27,30
06/09/2017 03:00 42,36 52,79 60,22 89,60 27,10
06/09/2017 04:00 32,52 46,84 55,71 88,30 27,10
06/09/2017 05:00 21,39 44,40 50,93 87,90 27,30
06/09/2017 06:00 28,16 41,91 48,83 88,70 27,30
06/09/2017 07:00 38,51 40,96 50,53 88,10 27,60
06/09/2017 08:00 44,29 39,68 51,28 80,60 28,70
06/09/2017 09:00 27,10 38,49 48,72 74,70 30,00
06/09/2017 10:00 31,45 36,49 44,44 73,20 30,50
06/09/2017 11:00 25,52 34,33 43,22 68,60 31,20
06/09/2017 12:00 26,40 33,87 42,41 63,10 32,30
06/09/2017 13:00 32,59 34,44 44,63 65,00 32,50
06/09/2017 14:00 31,39 36,17 44,43 67,60 32,60
06/09/2017 15:00 35,60 38,27 46,66 64,00 32,50
06/09/2017 16:00 31,40 41,23 48,38 61,60 32,40
06/09/2017 17:00 33,43 42,95 53,51 69,10 31,80
06/09/2017 18:00 44,76 44,57 54,55 79,20 30,60
06/09/2017 19:00 42,01 44,01 52,01 78,80 30,20
06/09/2017 20:00 35,31 40,21 48,79 80,50 30,10
06/09/2017 21:00 31,97 39,11 48,86 79,70 30,00
06/09/2017 22:00 42,24 39,84 50,10 79,60 29,80
06/09/2017 23:00 36,08 39,94 51,23 79,20 29,90
07/09/2017 00:00 42,13 41,26 51,37 81,00 29,50
07/09/2017 01:00 44,80 40,79 49,43 82,90 29,20
07/09/2017 02:00 36,19 37,10 47,38 85,60 28,80
07/09/2017 03:00 35,48 34,33 46,34 88,50 28,40
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
07/09/2017 04:00 25,19 33,18 43,82 86,40 27,80
07/09/2017 05:00 24,87 34,74 42,98 88,00 27,50
07/09/2017 06:00 32,75 36,76 44,63 84,20 27,90
07/09/2017 07:00 36,75 39,30 47,37 79,10 26,80
07/09/2017 08:00 46,55 40,23 48,26 80,00 27,30
07/09/2017 09:00 32,15 39,14 48,87 79,80 27,90
07/09/2017 10:00 25,06 38,49 47,35 79,70 28,10
07/09/2017 11:00 34,72 38,06 43,98 73,10 29,20
07/09/2017 12:00 32,38 36,49 40,19 67,30 31,40
07/09/2017 13:00 22,58 32,60 39,50 64,20 32,10
07/09/2017 14:00 24,22 32,96 40,31 73,60 30,20
07/09/2017 15:00 30,05 33,39 41,35 76,50 28,80
07/09/2017 16:00 32,41 34,69 42,51 77,30 28,20
07/09/2017 17:00 36,68 35,90 43,09 77,10 27,70
07/09/2017 18:00 36,50 37,52 43,47 77,90 27,20
07/09/2017 19:00 45,95 39,26 42,89 78,10 26,80
07/09/2017 20:00 25,37 38,69 42,03 80,60 26,80
07/09/2017 21:00 28,87 36,07 40,51 78,20 26,80
07/09/2017 22:00 33,01 36,20 41,54 76,70 27,50
07/09/2017 23:00 39,03 37,64 42,63 78,50 27,10
08/09/2017 00:00 28,37 39,43 43,26 82,30 26,60
08/09/2017 01:00 47,70 37,50 45,12 83,60 26,30
08/09/2017 02:00 35,89 36,00 42,84 83,70 26,70
08/09/2017 03:00 25,84 35,46 41,77 87,30 26,10
08/09/2017 04:00 23,45 34,81 40,50 86,20 26,00
08/09/2017 05:00 24,22 35,11 41,41 88,50 25,70
08/09/2017 06:00 39,90 38,03 42,22 89,40 26,00
08/09/2017 07:00 35,54 39,06 40,87 85,70 26,60
08/09/2017 08:00 37,85 37,31 39,50 83,30 27,70
08/09/2017 09:00 32,44 35,95 39,49 79,50 28,70
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
08/09/2017 10:00 29,17 33,80 42,16 77,60 29,20
08/09/2017 11:00 34,60 33,68 44,51 75,80 30,00
08/09/2017 12:00 31,77 32,80 43,63 78,50 29,60
08/09/2017 13:00 31,61 33,98 44,70 84,50 27,80
08/09/2017 14:00 35,80 39,05 46,28 84,30 27,70
08/09/2017 15:00 39,79 40,69 47,90 86,10 28,00
08/09/2017 16:00 25,75 37,89 48,47 83,20 28,30
08/09/2017 17:00 28,45 36,07 48,98 81,40 28,60
08/09/2017 18:00 35,56 35,11 45,98 82,80 28,20
08/09/2017 19:00 31,81 34,44 43,76 85,90 27,80
08/09/2017 20:00 31,06 35,07 40,31 87,50 26,90
08/09/2017 21:00 33,09 37,07 40,53 90,70 26,60
08/09/2017 22:00 37,31 37,92 44,17 91,40 26,50
08/09/2017 23:00 41,71 39,77 44,26 92,30 26,60
09/09/2017 00:00 32,55 36,48 42,97 92,50 26,70
09/09/2017 01:00 27,19 27,47 39,42 92,70 27,00
09/09/2017 02:00 25,82 25,15 37,92 92,80 27,00
09/09/2017 03:00 24,14 25,04 36,59 92,30 27,10
09/09/2017 04:00 24,77 26,23 36,19 91,70 27,40
09/09/2017 05:00 22,86 26,01 34,35 92,60 27,30
09/09/2017 06:00 22,15 26,98 33,38 92,90 27,40
09/09/2017 07:00 26,89 24,89 33,51 92,50 27,70
09/09/2017 08:00 25,18 23,51 33,17 88,30 27,60
09/09/2017 09:00 15,47 20,39 30,61 86,70 27,50
09/09/2017 10:00 16,43 20,91 28,96 85,80 27,30
09/09/2017 11:00 20,34 24,20 29,28 87,00 27,30
09/09/2017 12:00 24,52 29,06 36,19 83,90 28,00
09/09/2017 13:00 44,14 37,02 45,77 83,40 28,90
09/09/2017 14:00 39,38 37,76 48,15 81,70 29,40
09/09/2017 15:00 27,88 37,85 48,47 81,50 29,40
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
09/09/2017 16:00 36,30 36,69 47,04 80,10 29,70
09/09/2017 17:00 25,38 34,88 43,95 83,60 28,70
09/09/2017 18:00 33,59 35,50 45,72 84,40 28,40
09/09/2017 19:00 36,89 40,24 48,28 86,90 28,00
09/09/2017 20:00 41,91 41,44 48,36 88,10 27,80
09/09/2017 21:00 34,86 38,53 46,09 88,00 27,50
09/09/2017 22:00 20,27 34,86 42,56 90,10 27,00
09/09/2017 23:00 26,98 30,79 40,87 93,60 26,00
10/09/2017 00:00 26,18 29,65 39,29 93,60 26,20
10/09/2017 01:00 25,09 27,39 34,01 93,20 26,20
10/09/2017 02:00 19,04 24,06 29,82 93,60 26,20
10/09/2017 03:00 18,31 24,69 27,47 91,70 25,40
10/09/2017 04:00 21,27 24,77 30,12 91,70 25,10
10/09/2017 05:00 22,36 27,24 39,97 91,80 24,80
10/09/2017 06:00 36,90 34,53 48,08 93,20 24,60
10/09/2017 07:00 38,21 36,73 50,51 93,60 24,90
10/09/2017 08:00 41,35 42,43 52,74 92,80 25,20
10/09/2017 09:00 47,86 46,35 56,83 90,80 25,70
10/09/2017 10:00 47,56 45,65 55,10 85,90 27,00
10/09/2017 11:00 31,70 43,90 53,25 80,20 28,50
10/09/2017 12:00 34,86 40,56 51,14 73,70 30,30
10/09/2017 13:00 26,87 38,69 48,72 69,00 31,70
10/09/2017 14:00 38,54 36,67 48,27 65,90 32,10
10/09/2017 15:00 34,51 34,50 45,56 73,00 31,60
10/09/2017 16:00 25,22 33,81 43,16 75,10 31,20
10/09/2017 17:00 37,54 34,86 40,41 75,20 31,10
10/09/2017 18:00 24,24 33,53 40,00 76,80 30,20
10/09/2017 19:00 26,79 33,33 39,01 85,70 29,20
10/09/2017 20:00 28,21 32,84 40,01 87,10 29,00
10/09/2017 21:00 32,18 30,55 38,47 85,90 29,00
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
10/09/2017 22:00 26,18 29,54 36,22 91,70 28,20
10/09/2017 23:00 21,36 27,50 34,19 91,30 27,40
11/09/2017 00:00 19,25 23,59 31,73 92,70 27,30
11/09/2017 01:00 14,63 25,45 30,83 91,40 27,40
11/09/2017 02:00 23,46 27,20 32,66 90,90 27,20
11/09/2017 03:00 26,66 28,10 39,48 91,50 27,10
11/09/2017 04:00 32,51 32,75 40,70 90,90 27,30
11/09/2017 05:00 33,00 34,28 41,24 86,50 26,10
11/09/2017 06:00 27,41 30,58 39,37 86,90 25,20
11/09/2017 07:00 25,92 30,30 36,89 87,70 25,20
11/09/2017 08:00 31,65 27,61 35,77 85,60 25,50
11/09/2017 09:00 25,11 24,52 34,39 81,80 26,00
11/09/2017 10:00 17,97 22,28 30,86 80,20 26,30
11/09/2017 11:00 20,67 21,78 30,28 79,40 27,20
11/09/2017 12:00 14,33 23,80 32,69 75,10 28,20
11/09/2017 13:00 26,51 27,65 38,41 72,40 28,90
11/09/2017 14:00 34,21 29,18 37,60 70,40 29,40
11/09/2017 15:00 20,75 26,78 35,06 68,60 29,90
11/09/2017 16:00 20,26 27,70 35,43 68,80 30,10
11/09/2017 17:00 29,80 30,06 36,59 69,30 30,10
11/09/2017 18:00 20,92 29,71 39,89 75,50 29,40
11/09/2017 19:00 25,80 32,03 44,54 76,70 28,80
11/09/2017 20:00 37,47 36,84 47,49 78,70 28,60
11/09/2017 21:00 45,43 37,25 46,12 81,20 28,20
11/09/2017 22:00 37,27 36,64 44,50 83,50 27,90
11/09/2017 23:00 33,03 37,43 43,37 85,70 27,60
12/09/2017 00:00 34,50 38,45 43,48 86,50 27,30
12/09/2017 01:00 33,21 36,45 43,54 88,20 27,00
12/09/2017 02:00 40,34 34,93 42,62 88,70 26,80
12/09/2017 03:00 24,57 32,64 41,19 88,80 26,80




213

Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
ug/m? (%) (°0)
12/09/2017 04:00 23,34 33,06 40,66 90,10 26,60
12/09/2017 05:00 21,74 34,25 39,84 90,80 26,40
12/09/2017 06:00 28,82 33,47 40,85 91,40 26,00
12/09/2017 07:00 30,92 33,36 43,25 90,70 26,50
12/09/2017 08:00 34,52 32,98 41,72 82,80 28,10
12/09/2017 09:00 23,82 31,27 39,51 73,40 30,30
12/09/2017 10:00 29,50 30,49 36,06 72,00 30,40
12/09/2017 11:00 34,89 29,46 36,11 69,20 31,10
12/09/2017 12:00 23,54 29,74 35,05 64,70 32,00
12/09/2017 13:00 29,20 30,14 34,40 59,40 33,00
12/09/2017 14:00 22,15 32,02 34,07 65,10 31,40
12/09/2017 15:00 23,47 33,94 36,36 69,70 31,50
12/09/2017 16:00 25,79 34,20 38,30 73,20 30,50
12/09/2017 17:00 25,60 35,16 41,25 76,70 29,70
12/09/2017 18:00 32,60 37,56 42,47 76,50 29,20
12/09/2017 19:00 34,17 37,19 42,73 75,90 28,80
12/09/2017 20:00 38,67 38,56 44,94 82,90 27,80
12/09/2017 21:00 28,87 40,70 46,77 81,70 27,70
12/09/2017 22:00 32,22 41,03 49,10 82,00 27,60
12/09/2017 23:00 43,70 42,75 52,21 80,70 27,80
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Bdng PL.09: 86 liéu nong @6 PM> s tai tram Trung Yén (QT), truéc (BF)
va sau dong héa (AF) tir 00 gio ngay 05/02/2019 dén 23 gio ngay 11/02/2019

Time PMzs qr PMa.s_AF PMaz.s_Br RH Temp
wg/m® %) °0)
05/02/2019 00:00 36,88 49,33 57,88 80,90 21,60
05/02/2019 01:00 44,62 53,25 61,58 81,70 21,40
05/02/2019 02:00 42,96 52,51 59,02 81,90 21,20
05/02/2019 03:00 37,68 47,83 55,77 81,40 21,20
05/02/2019 04:00 22,63 45,58 53,58 79,40 21,50
05/02/2019 05:00 28,85 45,20 52,67 80,70 21,40
05/02/2019 06:00 33,83 43,53 51,67 81,50 21,40
05/02/2019 07:00 25,91 42,92 50,23 81,40 21,50
05/02/2019 08:00 30,64 41,08 47,83 80,10 21,80
05/02/2019 09:00 27,61 39,13 45,47 77,70 22,20
05/02/2019 10:00 32,24 40,58 44,54 72,60 23,10
05/02/2019 11:00 32,37 41,54 43,11 68,10 24,50
05/02/2019 12:00 30,62 41,75 43,88 61,80 25,70
05/02/2019 13:00 34,14 42,62 45,09 58,30 26,10
05/02/2019 14:00 33,47 41,26 46,21 51,60 27,40
05/02/2019 15:00 31,01 40,01 48,06 51,10 27,40
05/02/2019 16:00 31,50 39,08 46,96 50,10 27,40
05/02/2019 17:00 29,63 38,43 43,52 50,20 27,20
05/02/2019 18:00 27,98 36,86 41,45 62,00 25,90
05/02/2019 19:00 22,65 37,24 41,68 71,20 24,90
05/02/2019 20:00 31,32 38,85 42,22 72,10 24,50
05/02/2019 21:00 28,28 39,23 46,39 75,10 24,00
05/02/2019 22:00 32,01 36,40 47,58 78,70 23,40
05/02/2019 23:00 24,79 33,25 45,42 81,00 22,90
06/02/2019 00:00 21,95 32,76 41,74 81,50 22,80
06/02/2019 01:00 22,11 32,35 37,58 81,50 22,70
06/02/2019 02:00 23,96 33,44 37,03 81,90 22,50
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
g/’ (%) 0
06/02/2019 03:00 20,64 34,07 38,45 81,80 22,50
06/02/2019 04:00 26,19 35,07 39,14 81,90 22,40
06/02/2019 05:00 23,79 34,28 38,66 82,30 22,40
06/02/2019 06:00 17,98 33,99 38,37 80,70 22,60
06/02/2019 07:00 23,62 32,45 38,00 79,60 22,80
06/02/2019 08:00 22,15 32,97 39,13 71,70 23,00
06/02/2019 09:00 27,46 32,88 37,58 74,60 23,70
06/02/2019 10:00 19,95 31,43 35,42 68,50 25,00
06/02/2019 11:00 19,01 31,03 35,02 59,40 26,50
06/02/2019 12:00 22,05 31,91 34,12 59,70 26,60
06/02/2019 13:00 19,64 31,80 33,85 53,20 27,80
06/02/2019 14:00 24,31 33,13 34,94 52,20 28,10
06/02/2019 15:00 29,43 35,54 37,33 53,70 28,00
06/02/2019 16:00 27,94 37,11 39,02 53,30 27,90
06/02/2019 17:00 22,57 34,74 38,58 57,80 26,90
06/02/2019 18:00 22,14 33,56 39,41 60,20 26,10
06/02/2019 19:00 26,87 32,09 41,03 66,60 25,10
06/02/2019 20:00 23,29 31,58 40,20 71,60 24,50
06/02/2019 21:00 22,77 30,41 36,04 73,70 24,10
06/02/2019 22:00 22,30 30,55 35,40 73,90 23,90
06/02/2019 23:00 19,68 31,40 37,67 74,10 23,80
07/02/2019 00:00 18,67 34,03 40,59 75,70 23,50
07/02/2019 01:00 29,50 35,95 42,78 71,70 23,20
07/02/2019 02:00 21,70 32,75 38,72 78,70 22,90
07/02/2019 03:00 16,00 28,30 37,28 79,80 22,80
07/02/2019 04:00 18,28 27,64 35,93 82,30 22,30
07/02/2019 05:00 15,02 28,54 40,72 81,90 22,50
07/02/2019 06:00 21,79 34,42 44,43 80,40 22,70
07/02/2019 07:00 40,22 45,75 52,71 80,80 22,60
07/02/2019 08:00 35,38 44,51 53,67 79,20 22,90
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
g/’ (%) 0
07/02/2019 09:00 25,98 38,13 48,18 71,40 24,20
07/02/2019 10:00 28,42 36,41 46,49 67,70 24,50
07/02/2019 11:00 27,18 36,25 43,80 60,60 25,80
07/02/2019 12:00 29,03 37,86 45,60 53,90 27,70
07/02/2019 13:00 34,53 44,82 49,14 47,90 29,40
07/02/2019 14:00 37,12 48,99 53,59 43,50 30,10
07/02/2019 15:00 39,79 48,11 55,19 43,40 30,60
07/02/2019 16:00 34,97 42,54 51,81 51,00 30,00
07/02/2019 17:00 32,71 40,71 48,50 61,80 28,30
07/02/2019 18:00 34,18 43,72 49,81 68,90 26,30
07/02/2019 19:00 34,03 45,58 50,74 71,70 25,10
07/02/2019 20:00 33,23 45,34 50,36 74,80 24,50
07/02/2019 21:00 35,64 43,50 49,47 74,80 24,30
07/02/2019 22:00 28,51 41,52 48,89 74,60 24,00
07/02/2019 23:00 35,70 38,21 44,98 75,10 23,90
08/02/2019 00:00 25,25 36,51 42,58 76,90 23,40
08/02/2019 01:00 25,00 38,36 42,97 78,00 23,40
08/02/2019 02:00 37,75 41,55 44,96 78,80 23,50
08/02/2019 03:00 32,39 42,39 46,64 78,40 23,40
08/02/2019 04:00 27,89 43,29 47,20 77,00 23,10
08/02/2019 05:00 31,97 43,04 48,11 76,20 23,00
08/02/2019 06:00 28,65 41,20 49,01 75,80 22,90
08/02/2019 07:00 30,84 39,32 48,82 78,60 22,70
08/02/2019 08:00 31,83 39,55 47,86 75,00 23,30
08/02/2019 09:00 37,12 42,92 47,13 71,20 23,90
08/02/2019 10:00 36,74 45,01 49,48 64,70 25,70
08/02/2019 11:00 38,74 48,23 52,40 60,30 26,60
08/02/2019 12:00 41,70 49,32 56,42 53,20 28,10
08/02/2019 13:00 42,39 52,22 57,80 46,80 29,30
08/02/2019 14:00 45,03 51,87 55,57 44,40 29,80
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
g/’ (%) 0
08/02/2019 15:00 38,78 46,52 51,20 40,30 30,80
08/02/2019 16:00 28,29 44,86 49,97 39,00 31,20
08/02/2019 17:00 37,06 45,05 49,40 53,90 29,50
08/02/2019 18:00 36,92 47,95 51,03 59,90 28,00
08/02/2019 19:00 38,95 50,39 54,62 63,30 26,60
08/02/2019 20:00 40,07 50,13 55,78 72,20 25,00
08/02/2019 21:00 34,34 47,48 53,31 76,20 23,80
08/02/2019 22:00 32,60 45,85 50,20 76,80 23,10
08/02/2019 23:00 43,68 42,60 48,02 71,70 22,90
09/02/2019 00:00 31,97 40,78 46,14 79,10 22,30
09/02/2019 01:00 33,80 42,02 46,07 79,30 22,60
09/02/2019 02:00 52,98 44,24 49,17 79,10 22,60
09/02/2019 03:00 35,39 43,22 51,00 78,70 22,50
09/02/2019 04:00 32,09 42,03 53,38 71,70 22,70
09/02/2019 05:00 45,23 45,95 55,37 77,20 22,80
09/02/2019 06:00 41,65 50,28 56,63 76,50 22,80
09/02/2019 07:00 47,26 51,54 58,87 75,10 22,90
09/02/2019 08:00 42,90 53,04 58,30 69,10 23,40
09/02/2019 09:00 43,50 51,42 57,62 67,20 24,10
09/02/2019 10:00 37,51 48,50 56,16 65,40 24,70
09/02/2019 11:00 38,16 49,77 58,02 59,20 26,10
09/02/2019 12:00 49,50 56,87 62,34 56,60 26,80
09/02/2019 13:00 53,08 62,52 66,08 53,00 28,00
09/02/2019 14:00 55,70 63,57 66,15 52,50 28,30
09/02/2019 15:00 44,21 58,87 63,45 50,60 28,90
09/02/2019 16:00 40,56 54,05 60,74 51,50 29,10
09/02/2019 17:00 41,97 50,70 58,75 56,80 28,00
09/02/2019 18:00 39,12 47,31 54,89 65,00 26,30
09/02/2019 19:00 37,55 45,46 51,30 69,90 25,30
09/02/2019 20:00 40,32 42,97 50,75 71,60 24,70
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
g/’ (%) 0
09/02/2019 21:00 28,53 41,35 48,58 73,40 24,40
09/02/2019 22:00 35,20 40,47 46,09 74,20 24,20
09/02/2019 23:00 27,46 38,82 45,81 75,10 24,00
10/02/2019 00:00 24,34 37,81 44,82 76,60 23,80
10/02/2019 01:00 33,23 35,47 42,44 71,70 23,70
10/02/2019 02:00 23,97 32,97 40,13 78,70 23,70
10/02/2019 03:00 17,41 31,31 38,25 78,90 23,70
10/02/2019 04:00 21,00 30,83 37,18 79,40 23,60
10/02/2019 05:00 19,93 30,56 37,33 78,70 23,80
10/02/2019 06:00 23,96 32,92 38,76 80,70 23,40
10/02/2019 07:00 34,99 36,95 43,51 81,40 23,60
10/02/2019 08:00 24,80 36,36 41,55 79,50 24,00
10/02/2019 09:00 24,33 33,75 38,70 76,50 24,50
10/02/2019 10:00 17,65 29,85 37,18 71,30 25,20
10/02/2019 11:00 18,75 30,22 38,95 69,60 25,40
10/02/2019 12:00 27,23 35,36 45,18 63,60 26,40
10/02/2019 13:00 40,86 42,11 49,79 62,10 26,80
10/02/2019 14:00 32,72 43,91 50,50 59,60 27,10
10/02/2019 15:00 35,94 43,65 50,15 59,70 27,10
10/02/2019 16:00 32,02 41,19 47,64 63,00 26,60
10/02/2019 17:00 28,62 40,92 46,49 65,00 26,10
10/02/2019 18:00 30,93 42,74 48,93 69,50 25,40
10/02/2019 19:00 39,73 44,04 50,74 73,00 24,70
10/02/2019 20:00 34,69 44,93 48,33 74,20 24,30
10/02/2019 21:00 29,95 45,63 48,31 75,40 24,00
10/02/2019 22:00 40,99 43,95 47,41 76,40 23,80
10/02/2019 23:00 29,05 42,23 47,48 76,50 23,60
11/02/2019 00:00 32,70 43,17 48,67 77,10 23,40
11/02/2019 01:00 39,05 46,34 52,54 76,70 23,00
11/02/2019 02:00 38,22 45,85 53,74 77,50 22,80
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Time PM2s ot PM2.5_AF PM:.5_BF RH Temp
g/’ (%) 0
11/02/2019 03:00 37,26 45,03 51,86 78,20 22,80
11/02/2019 04:00 33,91 44,18 50,35 80,60 22,60
11/02/2019 05:00 33,65 42,53 49,67 80,30 22,60
11/02/2019 06:00 35,51 44,34 52,96 79,10 22,60
11/02/2019 07:00 45,68 50,97 56,75 78,90 22,50
11/02/2019 08:00 42,65 52,72 57,719 77,50 22,50
11/02/2019 09:00 43,22 50,99 56,98 78,30 22,40
11/02/2019 10:00 40,99 49,37 58,00 77,60 22,50
11/02/2019 11:00 42,76 52,04 61,21 77,30 22,50
11/02/2019 12:00 52,35 63,73 67,82 79,10 22,30
11/02/2019 13:00 61,49 67,69 72,17 77,00 21,10
11/02/2019 14:00 57,27 66,83 72,46 81,50 19,70
11/02/2019 15:00 52,25 63,71 70,83 82,90 18,90
11/02/2019 16:00 52,52 62,37 68,98 83,00 18,50
11/02/2019 17:00 58,91 61,29 67,91 82,10 18,80
11/02/2019 18:00 51,58 61,58 68,27 81,90 19,00
11/02/2019 19:00 53,15 62,69 68,34 83,10 17,70
11/02/2019 20:00 53,79 64,65 69,61 82,10 17,70
11/02/2019 21:00 53,71 67,99 71,19 79,80 18,20
11/02/2019 22:00 59,83 70,75 75,23 81,00 17,80
11/02/2019 23:00 64,95 72,88 80,64 81,90 17,90
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Bdng PL.10: 86 liéu nong @ PM> s tai tram Minh Khai (QT), truéc (BF)
va sau dong héa (AF) tir 00 gio ngay 05/02/2019 dén 23 gio ngay 11/02/2019

Time PMzs_or PM2.5_AF PM:2.5_gr IEH Temp
ug/m’ (%) (°0)
05/02/2019 00:00 40,46 49,71 57,64 81,60 21,60
05/02/2019 01:00 27,71 42,70 53,69 81,90 21,50
05/02/2019 02:00 30,12 41,02 54,32 83,70 21,10
05/02/2019 03:00 35,69 42,68 59,09 84,50 20,90
05/02/2019 04:00 41,28 49,51 61,28 84,10 20,90
05/02/2019 05:00 45,38 51,64 62,37 84,90 20,70
05/02/2019 06:00 38,52 47,70 60,20 83,60 21,30
05/02/2019 07:00 37,64 45,80 58,31 83,20 21,50
05/02/2019 08:00 39,92 46,71 56,33 81,70 21,90
05/02/2019 09:00 38,75 48,04 55,42 77,70 22,70
05/02/2019 10:00 38,17 48,27 57,74 74,00 23,40
05/02/2019 11:00 42,11 49,05 60,28 63,50 25,70
05/02/2019 12:00 38,44 45,05 57,49 63,00 25,80
05/02/2019 13:00 24,61 43,22 54,87 56,20 26,70
05/02/2019 14:00 28,12 41,81 51,69 53,90 27,30
05/02/2019 15:00 36,06 40,03 54,07 49,60 28,10
05/02/2019 16:00 30,54 39,11 54,72 50,00 28,30
05/02/2019 17:00 30,54 37,99 50,92 52,50 27,50
05/02/2019 18:00 31,25 39,19 51,39 56,10 26,20
05/02/2019 19:00 31,25 40,25 54,04 70,40 25,00
05/02/2019 20:00 35,93 43,25 52,80 73,60 24,60
05/02/2019 21:00 35,93 44,96 51,63 74,30 24,30
05/02/2019 22:00 27,70 42,22 50,86 76,30 23,60
05/02/2019 23:00 27,70 36,63 49,52 81,00 23,00
06/02/2019 00:00 25,12 33,60 45,30 81,50 23,00
06/02/2019 01:00 25,12 33,08 44,39 82,20 22,80
06/02/2019 02:00 23,67 32,55 46,94 83,80 22,40
06/02/2019 03:00 23,67 34,05 45,22 83,70 22,60
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Time PM2s ot PM2.5_AF PM:.5_BF l},H Temp
ug/m’ (%) (°0)
06/02/2019 04:00 25,84 35,23 44,04 84,40 22,30
06/02/2019 05:00 25,84 34,23 43,69 84,70 22,20
06/02/2019 06:00 20,49 31,30 43,32 83,60 22,50
06/02/2019 07:00 20,49 27,25 42,40 83,90 22,40
06/02/2019 08:00 17,71 26,29 40,31 78,20 23,60
06/02/2019 09:00 17,71 28,85 39,61 76,40 24,00
06/02/2019 10:00 23,62 33,65 40,12 64,90 26,50
06/02/2019 11:00 23,62 34,31 41,24 58,80 27,50
06/02/2019 12:00 23,90 33,92 42,41 58,50 27,70
06/02/2019 13:00 23,90 33,34 43,86 52,80 28,80
06/02/2019 14:00 23,46 33,06 44,39 50,70 29,10
06/02/2019 15:00 21,96 31,15 45,42 51,00 29,30
06/02/2019 16:00 20,89 29,23 44,44 53,30 28,50
06/02/2019 17:00 20,89 27,09 39,84 81,00 22,70
06/02/2019 18:00 17,90 26,06 38,45 83,50 22,10
06/02/2019 19:00 17,90 28,00 41,51 85,10 21,90
06/02/2019 20:00 24,00 32,54 44,57 86,20 21,80
06/02/2019 21:00 24,00 30,17 45,31 83,70 22,50
06/02/2019 22:00 19,57 28,01 41,31 74,50 23,90
06/02/2019 23:00 19,57 29,06 43,63 76,50 23,60
07/02/2019 00:00 19,81 28,72 39,66 78,70 23,20
07/02/2019 01:00 19,81 27,47 36,22 79,10 23,10
07/02/2019 02:00 17,17 24,78 38,81 81,00 22,70
07/02/2019 03:00 17,17 26,62 40,95 83,50 22,10
07/02/2019 04:00 20,51 30,04 42,77 85,10 21,90
07/02/2019 05:00 20,51 28,73 38,94 86,20 21,80
07/02/2019 06:00 15,67 24,30 35,99 83,70 22,50
07/02/2019 07:00 15,67 24,67 34,29 82,20 22,70
07/02/2019 08:00 20,23 28,72 37,37 80,60 23,10
07/02/2019 09:00 20,23 29,59 41,91 80,40 23,00
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Time PM2s ot PM2.5_AF PM:.5_BF l},H Temp
ug/m’ (%) (°0)
07/02/2019 10:00 24,43 32,50 46,02 72,30 24,30
07/02/2019 11:00 24,43 32,92 48,79 63,60 25,90
07/02/2019 12:00 25,40 33,83 47,65 54,70 28,20
07/02/2019 13:00 25,40 34,58 47,02 50,60 29,90
07/02/2019 14:00 25,64 34,37 46,15 43,70 31,20
07/02/2019 15:00 25,64 35,26 46,12 41,70 31,70
07/02/2019 16:00 29,41 38,98 47,82 43,60 31,40
07/02/2019 17:00 29,41 39,37 51,22 54,90 29,50
07/02/2019 18:00 33,92 41,56 54,81 68,90 26,90
07/02/2019 19:00 33,92 43,63 52,39 72,00 25,50
07/02/2019 20:00 34,31 42,93 51,31 76,30 24,60
07/02/2019 21:00 34,31 42,61 51,69 77,90 24,30
07/02/2019 22:00 34,05 41,60 56,34 76,60 24,30
07/02/2019 23:00 34,05 42,56 55,88 77,90 23,90
08/02/2019 00:00 31,01 40,56 52,95 80,00 23,20
08/02/2019 01:00 31,01 37,53 49,10 79,30 22,60
08/02/2019 02:00 28,42 35,66 47,67 80,00 23,10
08/02/2019 03:00 28,42 37,40 46,82 71,20 24,70
08/02/2019 04:00 28,89 37,13 45,77 64,50 26,20
08/02/2019 05:00 28,89 35,67 45,22 79,80 22,70
08/02/2019 06:00 23,86 33,40 44,74 79,40 22,40
08/02/2019 07:00 23,86 34,23 46,15 79,30 22,60
08/02/2019 08:00 30,96 37,49 49,02 80,00 23,10
08/02/2019 09:00 30,96 40,33 51,19 71,20 24,70
08/02/2019 10:00 31,66 40,11 49,33 64,50 26,20
08/02/2019 11:00 31,66 40,80 50,04 58,30 27,70
08/02/2019 12:00 36,28 43,30 52,72 49,00 29,20
08/02/2019 13:00 36,28 44,44 54,06 41,90 31,10
08/02/2019 14:00 37,20 46,16 55,96 43,40 31,10
08/02/2019 15:00 37,20 45,23 54,24 41,00 31,60
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Time PM2s ot PM2.5_AF PM:.5_BF l},H Temp
ug/m’ (%) (°0)
08/02/2019 16:00 31,68 42,05 51,49 36,10 32,10
08/02/2019 17:00 31,68 43,05 53,16 50,10 30,40
08/02/2019 18:00 37,29 46,09 53,41 59,50 28,50
08/02/2019 19:00 37,29 46,64 54,34 64,60 27,00
08/02/2019 20:00 38,72 45,11 56,80 70,40 25,50
08/02/2019 21:00 38,72 46,40 60,05 76,10 24,40
08/02/2019 22:00 38,80 48,55 59,90 78,80 23,20
08/02/2019 23:00 38,80 46,06 57,60 80,30 23,00
09/02/2019 00:00 32,23 42,11 55,32 79,10 22,90
09/02/2019 01:00 32,23 41,79 53,78 80,00 22,80
09/02/2019 02:00 36,19 44,13 55,57 79,60 23,10
09/02/2019 03:00 36,19 42,88 55,63 78,40 22,90
09/02/2019 04:00 27,67 39,51 52,96 77,30 22,80
09/02/2019 05:00 27,67 37,49 49,51 78,50 22,80
09/02/2019 06:00 26,92 34,27 46,93 50,10 30,40
09/02/2019 07:00 26,92 34,96 47,55 59,50 28,50
09/02/2019 08:00 34,19 41,27 51,77 64,60 27,00
09/02/2019 09:00 34,19 43,06 53,46 66,00 24,70
09/02/2019 10:00 37,54 45,54 57,70 63,90 25,60
09/02/2019 11:00 37,54 47,00 58,52 59,10 26,70
09/02/2019 12:00 40,84 50,10 59,20 53,70 28,20
09/02/2019 13:00 40,84 50,48 59,39 50,90 28,80
09/02/2019 14:00 42,61 51,15 62,27 50,10 29,50
09/02/2019 15:00 33,32 52,92 64,84 49,60 29,90
09/02/2019 16:00 44,77 55,84 67,61 50,80 29,60
09/02/2019 17:00 34,85 58,50 68,72 55,70 28,80
09/02/2019 18:00 40,64 58,00 69,66 64,40 26,90
09/02/2019 19:00 42,91 57,55 67,10 69,20 26,00
09/02/2019 20:00 45,35 55,17 66,54 71,50 25,10
09/02/2019 21:00 38,60 48,91 60,84 74,20 24,60
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Time PM2s ot PM2.5_AF PM:.5_BF l},H Temp
ug/m’ (%) (°0)
09/02/2019 22:00 35,72 43,91 56,01 74,60 24,60
09/02/2019 23:00 26,63 39,50 52,23 75,00 24,50
10/02/2019 00:00 22,44 37,55 49,07 76,90 24,10
10/02/2019 01:00 28,38 35,20 47,98 77,50 24,10
10/02/2019 02:00 27,11 33,12 45,15 78,40 24,00
10/02/2019 03:00 18,10 31,08 40,11 78,50 24,10
10/02/2019 04:00 20,16 29,82 38,32 79,30 24,00
10/02/2019 05:00 44,06 30,54 38,58 79,80 23,90
10/02/2019 06:00 22,90 34,41 39,96 79,40 24,00
10/02/2019 07:00 22,88 38,31 44,63 80,30 24,00
10/02/2019 08:00 25,88 41,54 48,32 79,40 24,30
10/02/2019 09:00 24,01 38,71 50,98 75,00 25,50
10/02/2019 10:00 28,03 35,32 50,42 72,50 25,60
10/02/2019 11:00 28,48 36,09 52,29 64,90 27,30
10/02/2019 12:00 35,73 39,30 52,92 62,60 27,60
10/02/2019 13:00 26,51 40,46 53,89 55,80 28,70
10/02/2019 14:00 45,70 42,82 55,21 56,40 28,60
10/02/2019 15:00 28,21 41,86 54,26 59,30 28,10
10/02/2019 16:00 32,04 40,26 54,09 61,40 27,60
10/02/2019 17:00 32,04 41,50 51,94 65,30 26,60
10/02/2019 18:00 32,19 40,25 49,88 68,40 26,00
10/02/2019 19:00 32,19 39,37 49,07 73,70 25,00
10/02/2019 20:00 31,46 38,55 48,24 75,60 24,50
10/02/2019 21:00 31,46 38,33 49,59 76,60 24,10
10/02/2019 22:00 28,94 37,41 51,62 77,30 24,10
10/02/2019 23:00 28,94 38,13 52,47 77,30 23,90
11/02/2019 00:00 31,90 41,22 52,85 78,10 23,70
11/02/2019 01:00 31,90 39,04 53,66 78,90 23,50
11/02/2019 02:00 28,44 37,03 52,18 78,10 23,30
11/02/2019 03:00 28,44 35,02 48,32 77,40 23,20
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Time PM2s ot PM2.5_AF PM:.5_BF I?,H Temp
ug/m’ (%) (°0)
11/02/2019 04:00 30,81 37,27 47,52 85,50 22,40
11/02/2019 05:00 30,81 40,35 48,24 85,20 22,30
11/02/2019 06:00 33,77 42,28 51,77 83,40 22,50
11/02/2019 07:00 33,77 45,19 55,96 83,70 22,50
11/02/2019 08:00 40,00 49,01 58,26 82,00 22,70
11/02/2019 09:00 40,00 48,25 60,23 80,10 22,80
11/02/2019 10:00 40,98 47,12 62,66 78,10 23,10
11/02/2019 11:00 40,98 49,32 63,43 78,30 23,10
11/02/2019 12:00 44,02 51,80 63,93 79,40 22,70
11/02/2019 13:00 44,02 51,63 62,86 81,00 20,50
11/02/2019 14:00 46,12 54,85 63,70 85,30 19,30
11/02/2019 15:00 47,48 57,07 67,64 86,60 18,60
11/02/2019 16:00 56,37 62,14 70,40 86,90 18,30
11/02/2019 17:00 41,45 65,46 75,44 85,80 18,30
11/02/2019 18:00 50,90 70,43 87,72 85,30 18,30
11/02/2019 19:00 88,62 76,14 91,52 85,90 17,30
11/02/2019 20:00 83,22 79,21 90,59 86,30 17,30
11/02/2019 21:00 67,76 78,13 88,03 84,50 17,50
11/02/2019 22:00 66,60 76,03 85,83 85,40 17,20
11/02/2019 23:00 58,17 71,35 80,73 86,60 17,20
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Bang PL.11: S6 liéu nong dé PMo s tai tram Trung Yén (QT), truée (BF) va
sau dong héa (AF) tir 00 gio ngay 06/09/2019 dén 23 gio ngay 12/09/2019

Time PM2s ot PM2.5_AF PMa2.s_BF RH Temp
ug/n’ (%) 0)
06/09/2019 00:00 68,47 75,74 87,34 70,50 29,30
06/09/2019 01:00 58,27 71,09 80,86 70,90 29,10
06/09/2019 02:00 52,66 65,40 76,92 72,50 28,70
06/09/2019 03:00 49,20 63,27 75,32 72,50 28,70
06/09/2019 04:00 56,20 65,00 73,64 74,90 28,70
06/09/2019 05:00 61,56 70,71 77,20 717,60 28,10
06/09/2019 06:00 66,36 78,27 85,24 78,30 27,90
06/09/2019 07:00 98,73 90,87 100,60 75,40 28,30
06/09/2019 08:00 92,93 91,85 100,51 68,70 29,50
06/09/2019 09:00 79,80 90,25 96,88 62,00 31,20
06/09/2019 10:00 76,19 84,25 92,18 53,30 32,60
06/09/2019 11:00 50,32 73,38 83,85 45,60 34,20
06/09/2019 12:00 48,63 65,40 74,63 39,20 35,50
06/09/2019 13:00 49,86 58,96 70,58 41,40 34,90
06/09/2019 14:00 46,99 56,70 66,90 41,10 35,40
06/09/2019 15:00 39,06 54,68 65,67 43,00 35,20
06/09/2019 16:00 42,52 55,42 63,20 41,10 35,90
06/09/2019 17:00 49,41 57,79 60,90 44,30 35,10
06/09/2019 18:00 44,21 56,97 61,42 48,70 33,80
06/09/2019 19:00 39,57 55,93 64,69 49,80 33,50
06/09/2019 20:00 47,00 57,17 66,52 56,20 32,60
06/09/2019 21:00 57,72 62,47 70,38 64,40 31,50
06/09/2019 22:00 54,75 63,93 72,32 66,00 30,90
06/09/2019 23:00 53,23 65,53 71,21 62,60 30,80
07/09/2019 00:00 45,99 64,71 69,49 61,10 30,40
07/09/2019 01:00 50,89 62,47 66,65 62,00 30,10
07/09/2019 02:00 38,43 55,67 62,19 61,90 29,90
07/09/2019 03:00 36,88 49,87 58,21 62,20 29,70
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Time PM2s ot PM2.5_AF PMa2.s_BF RH Tgmp
ug/n’ (%) °C)
07/09/2019 04:00 34,90 48,38 56,24 61,80 29,80
07/09/2019 05:00 36,58 49,12 53,65 62,60 29,90
07/09/2019 06:00 38,43 52,09 55,44 63,70 29,60
07/09/2019 07:00 43,85 55,39 61,31 65,80 29,40
07/09/2019 08:00 46,60 58,08 64,77 59,20 31,50
07/09/2019 09:00 40,74 57,32 62,18 54,40 32,60
07/09/2019 10:00 38,86 52,24 58,12 50,30 33,40
07/09/2019 11:00 35,23 47,87 55,83 48,90 34,50
07/09/2019 12:00 34,77 44,00 52,12 43,60 35,60
07/09/2019 13:00 32,91 41,69 50,06 43,50 35,90
07/09/2019 14:00 30,71 40,66 48,51 43,90 36,00
07/09/2019 15:00 27,28 39,46 47,55 45,20 35,20
07/09/2019 16:00 27,82 40,84 46,38 52,30 34,40
07/09/2019 17:00 32,30 44,08 48,72 48,50 34,30
07/09/2019 18:00 32,82 44,13 50,28 52,10 33,20
07/09/2019 19:00 29,81 42,75 50,95 59,40 32,10
07/09/2019 20:00 34,21 45,20 52,70 63,00 31,50
07/09/2019 21:00 31,39 44,58 54,26 68,10 30,70
07/09/2019 22:00 40,12 46,48 55,32 70,30 30,20
07/09/2019 23:00 36,78 48,77 55,92 73,10 30,00
08/09/2019 00:00 46,43 50,62 57,90 76,00 29,60
08/09/2019 01:00 43,49 53,27 58,52 78,10 29,10
08/09/2019 02:00 44,62 53,17 59,00 78,80 29,00
08/09/2019 03:00 37,56 48,94 56,70 717,80 29,10
08/09/2019 04:00 36,36 46,78 53,32 79,80 28,80
08/09/2019 05:00 31,59 42,72 51,77 80,90 28,60
08/09/2019 06:00 32,94 43,88 50,92 80,60 28,70
08/09/2019 07:00 41,36 51,86 58,58 80,10 28,80
08/09/2019 08:00 40,64 53,74 61,63 74,90 29,70
08/09/2019 09:00 41,56 51,83 57,86 67,30 31,10
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Time PM2s ot PM2.5_AF PMa2.s_BF RH Tgmp
ug/n’ (%) °C)
08/09/2019 10:00 32,52 45,55 55,26 62,10 32,30
08/09/2019 11:00 34,53 44,71 53,41 54,10 34,40
08/09/2019 12:00 31,04 42,36 52,92 54,00 34,20
08/09/2019 13:00 34,78 43,15 53,48 51,40 34,80
08/09/2019 14:00 33,99 45,88 53,84 54,70 34,20
08/09/2019 15:00 36,96 46,02 53,82 48,90 35,80
08/09/2019 16:00 28,30 42,87 51,88 56,60 34,20
08/09/2019 17:00 20,01 38,61 49,78 79,10 27,40
08/09/2019 18:00 24,80 39,81 48,92 76,60 29,50
08/09/2019 19:00 32,00 42,68 47,53 77,40 30,30
08/09/2019 20:00 29,37 39,63 46,78 64,60 29,70
08/09/2019 21:00 24,56 36,35 44,72 67,30 28,90
08/09/2019 22:00 15,35 32,85 41,24 66,00 28,80
08/09/2019 23:00 15,60 32,13 42,50 71,10 28,80
09/09/2019 00:00 25,32 34,34 43,88 74,60 28,80
09/09/2019 01:00 27,01 39,35 45,83 76,00 28,90
09/09/2019 02:00 28,18 40,29 46,62 76,90 29,10
09/09/2019 03:00 23,49 34,33 43,39 76,90 29,30
09/09/2019 04:00 17,42 29,74 39,98 717,80 29,10
09/09/2019 05:00 17,56 27,96 36,25 78,90 28,90
09/09/2019 06:00 15,56 25,99 37,11 79,20 29,00
09/09/2019 07:00 22,22 31,03 38,20 80,40 29,20
09/09/2019 08:00 29,63 36,56 41,78 79,30 29,70
09/09/2019 09:00 25,96 37,35 43,73 75,50 30,50
09/09/2019 10:00 21,75 38,31 46,24 66,60 32,40
09/09/2019 11:00 29,95 39,93 48,08 61,60 33,40
09/09/2019 12:00 32,84 39,31 46,36 59,70 33,80
09/09/2019 13:00 26,88 35,19 43,93 47,70 35,90
09/09/2019 14:00 21,11 30,75 41,83 48,40 35,70
09/09/2019 15:00 19,84 31,34 42,57 52,60 34,40




229

PMa2s or

PMa25 AF

PMa2.5 BF

Time RH Temp
ug/n’ (%) )
09/09/2019 16:00 26,25 38,22 45,99 57,10 33,80
09/09/2019 17:00 32,14 41,04 48,89 66,10 32,20
09/09/2019 18:00 35,37 43,68 50,96 76,90 28,80
09/09/2019 19:00 36,93 46,52 52,77 76,90 29,70
09/09/2019 20:00 36,27 48,70 54,20 77,30 28,80
09/09/2019 21:00 43,33 49,91 55,82 76,60 28,50
09/09/2019 22:00 35,36 47,94 54,12 74,60 28,60
09/09/2019 23:00 34,52 44,73 51,19 78,20 29,00
10/09/2019 00:00 30,54 41,59 49,97 80,40 29,20
10/09/2019 01:00 29,26 37,69 48,21 80,90 29,20
10/09/2019 02:00 27,28 39,42 47,75 80,90 29,20
10/09/2019 03:00 33,69 43,84 49,30 82,30 29,00
10/09/2019 04:00 36,02 46,26 51,22 82,50 29,10
10/09/2019 05:00 32,52 43,88 50,13 83,80 29,00
10/09/2019 06:00 30,04 38,31 46,12 82,30 28,70
10/09/2019 07:00 21,78 33,83 40,69 83,00 26,20
10/09/2019 08:00 17,00 27,05 34,97 82,30 26,10
10/09/2019 09:00 12,29 22,62 31,80 82,90 25,80
10/09/2019 10:00 9,71 22,44 30,36 82,80 25,90
10/09/2019 11:00 13,99 24,44 31,67 82,30 25,80
10/09/2019 12:00 12,24 25,24 32,22 81,50 25,70
10/09/2019 13:00 15,49 26,32 33,60 78,80 26,10
10/09/2019 14:00 18,47 27,38 35,62 80,80 25,80
10/09/2019 15:00 22,47 28,21 35,76 78,70 26,50
10/09/2019 16:00 18,02 29,80 36,28 78,40 26,50
10/09/2019 17:00 20,69 30,70 36,52 77,20 26,70
10/09/2019 18:00 18,74 29,29 37,09 77,10 26,70
10/09/2019 19:00 17,34 29,48 38,26 76,80 26,70
10/09/2019 20:00 20,78 31,59 39,03 76,40 26,80
10/09/2019 21:00 23,38 32,68 41,34 77,20 26,90




230

PMa2s or

PMa25 AF

PMa2.5 BF

Time RH Temp
ug/n’ (%) )
10/09/2019 22:00 23,84 33,69 40,57 78,90 26,60
10/09/2019 23:00 22,28 31,70 41,61 79,80 26,60
11/09/2019 00:00 21,75 32,12 42,60 79,40 26,70
11/09/2019 01:00 25,08 34,02 44,25 79,50 26,40
11/09/2019 02:00 26,53 37,86 46,88 79,30 26,20
11/09/2019 03:00 29,22 44,05 52,59 79,40 26,10
11/09/2019 04:00 54,43 56,05 61,78 80,30 26,10
11/09/2019 05:00 51,33 57,11 64,46 80,20 26,00
11/09/2019 06:00 46,39 55,11 60,97 84,00 25,70
11/09/2019 07:00 36,28 46,95 56,07 80,70 26,60
11/09/2019 08:00 32,79 42,81 53,45 80,00 26,80
11/09/2019 09:00 33,21 40,17 49,30 73,20 28,60
11/09/2019 10:00 29,64 38,57 46,14 69,80 30,00
11/09/2019 11:00 30,09 39,28 46,41 67,30 30,30
11/09/2019 12:00 35,72 42,78 50,14 64,00 31,00
11/09/2019 13:00 29,95 40,83 48,34 80,10 27,10
11/09/2019 14:00 21,33 35,86 44,67 60,90 31,20
11/09/2019 15:00 19,36 31,43 41,16 64,50 30,80
11/09/2019 16:00 21,71 29,95 39,16 60,80 30,80
11/09/2019 17:00 15,96 30,93 40,64 69,60 29,00
11/09/2019 18:00 25,87 36,61 42,20 74,60 28,10
11/09/2019 19:00 32,14 40,81 45,90 77,00 27,60
11/09/2019 20:00 28,91 40,52 46,44 76,10 27,60
11/09/2019 21:00 27,95 37,48 46,05 76,30 27,20
11/09/2019 22:00 25,91 34,32 4291 77,20 27,00
11/09/2019 23:00 23,68 32,36 41,16 77,40 27,10
12/09/2019 00:00 20,17 33,19 40,82 77,90 26,90
12/09/2019 01:00 23,99 36,00 42,27 78,20 26,80
12/09/2019 02:00 25,27 37,20 45,54 77,10 26,70
12/09/2019 03:00 34,41 39,02 48,63 78,20 26,70




231

PMa2s or

PMa25 AF

PMa2.5 BF

Time RH Temp
ug/n’ (%) )
12/09/2019 04:00 31,02 41,72 52,33 81,20 26,40
12/09/2019 05:00 35,71 47,30 57,51 82,90 26,30
12/09/2019 06:00 48,16 54,72 62,66 83,70 26,40
12/09/2019 07:00 50,07 60,61 67,85 81,80 26,70
12/09/2019 08:00 61,42 65,42 72,00 74,80 28,10
12/09/2019 09:00 58,44 66,44 72,47 68,20 29,30
12/09/2019 10:00 51,38 63,91 69,17 61,00 30,80
12/09/2019 11:00 43,22 55,37 65,77 57,60 31,70
12/09/2019 12:00 38,66 48,06 61,82 62,20 30,90
12/09/2019 13:00 37,97 45,02 57,50 54,10 32,20
12/09/2019 14:00 34,18 43,98 53,29 51,10 33,00
12/09/2019 15:00 29,47 43,02 51,39 46,80 34,20
12/09/2019 16:00 31,24 42,39 51,19 46,50 34,20
12/09/2019 17:00 32,14 44,78 53,70 50,60 33,00
12/09/2019 18:00 30,17 50,67 58,67 59,60 31,80
12/09/2019 19:00 54,02 59,22 65,63 66,20 30,20
12/09/2019 20:00 48,07 58,71 63,67 69,60 29,70
12/09/2019 21:00 34,01 54,98 60,24 71,20 29,20
12/09/2019 22:00 35,73 50,10 56,19 71,90 29,00
12/09/2019 23:00 33,03 43,24 51,61 74,30 28,70
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Bdng PL.12: 86 liéu nong @ PM> s tai tram Minh Khai (QT), truéc (BF)
va sau dong héa (AF) tir 00 gio ngay 06/09/2019 dén 23 gio ngay 12/09/2019

Time PM2s_qQr PM2.5_AF PMa2.s_BrF RH Timp
ug/nr’ (%) °C)
06/09/2019 00:00 64,15 74,36 92,70 75,20 29,30
06/09/2019 01:00 78,00 84,40 90,02 76,70 28,70
06/09/2019 02:00 75,58 83,72 95,79 76,40 28,70
06/09/2019 03:00 62,21 82,49 97,12 79,60 28,10
06/09/2019 04:00 80,84 85,82 105,04 82,70 27,50
06/09/2019 05:00 74,84 95,74 113,86 82,90 27,30
06/09/2019 06:00 99,36 107,56 117,05 83,50 27,20
06/09/2019 07:00 106,73 110,75 115,25 81,80 27,90
06/09/2019 08:00 98,29 108,95 113,77 75,10 29,50
06/09/2019 09:00 89,00 105,47 109,92 68,40 30,90
06/09/2019 10:00 94,44 102,62 106,74 61,90 32,30
06/09/2019 11:00 72,45 96,44 102,87 53,40 33,40
06/09/2019 12:00 87,09 91,57 92,03 41,70 35,80
06/09/2019 13:00 74,91 85,73 79,57 45,90 35,00
06/09/2019 14:00 63,25 73,27 74,16 45,40 35,60
06/09/2019 15:00 59,40 70,86 75,85 45,40 35,30
06/09/2019 16:00 59,80 69,55 76,85 43,40 36,00
06/09/2019 17:00 61,62 71,55 85,65 46,60 35,40
06/09/2019 18:00 69,06 74,35 95,00 48,30 34,80
06/09/2019 19:00 70,46 79,70 100,87 56,60 32,70
06/09/2019 20:00 85,20 94,57 112,36 59,90 31,90
06/09/2019 21:00 95,42 104,06 113,46 65,90 31,30
06/09/2019 22:00 91,24 102,16 106,79 68,60 31,30
06/09/2019 23:00 80,69 90,49 99,08 68,60 30,70
07/09/2019 00:00 73,18 82,78 91,91 62,30 30,70
07/09/2019 01:00 67,48 75,61 89,33 66,50 29,80
07/09/2019 02:00 64,74 73,03 83,43 67,30 29,50
07/09/2019 03:00 58,12 67,13 81,73 67,70 29,20
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Time PM2s ot PM2.5_AF PMa2.s_pr RH Temp
ug/nt’ (%) °C)
07/09/2019 04:00 55,88 68,43 80,74 68,40 28,90
07/09/2019 05:00 63,96 72,44 81,71 68,50 28,90
07/09/2019 06:00 65,72 75,41 83,93 77,00 28,50
07/09/2019 07:00 58,93 77,63 84,17 67,30 29,60
07/09/2019 08:00 67,20 76,87 81,82 63,30 30,70
07/09/2019 09:00 57,18 74,52 80,02 58,60 32,80
07/09/2019 10:00 55,39 70,72 75,99 52,10 34,50
07/09/2019 11:00 52,75 63,69 70,55 48,50 35,50
07/09/2019 12:00 43,14 57,25 67,20 43,80 36,60
07/09/2019 13:00 42,60 51,90 55,37 45,40 36,60
07/09/2019 14:00 38,74 49,07 53,58 44,80 37,20
07/09/2019 15:00 37,46 47,28 57,12 47,60 35,90
07/09/2019 16:00 34,65 48,82 64,19 79,20 29,70
07/09/2019 17:00 48,69 57,89 71,06 57,30 33,60
07/09/2019 18:00 56,11 64,76 72,21 60,40 32,50
07/09/2019 19:00 43,48 66,91 73,52 64,20 31,70
07/09/2019 20:00 58,40 67,22 69,48 68,50 31,30
07/09/2019 21:00 54,20 63,18 66,51 70,60 30,70
07/09/2019 22:00 42,78 61,21 64,57 72,10 30,40
07/09/2019 23:00 48,84 57,27 62,56 76,30 29,80
08/09/2019 00:00 51,79 51,26 60,27 77,70 29,60
08/09/2019 01:00 39,52 48,97 57,07 78,40 29,40
08/09/2019 02:00 40,97 46,77 51,70 78,70 29,30
08/09/2019 03:00 35,62 45,40 49,76 79,70 29,10
08/09/2019 04:00 32,55 46,46 54,26 80,80 28,90
08/09/2019 05:00 38,16 47,96 57,43 81,70 28,80
08/09/2019 06:00 32,76 49,13 60,95 82,00 28,80
08/09/2019 07:00 43,39 52,65 66,41 80,80 29,20
08/09/2019 08:00 51,62 58,11 69,39 78,30 29,80
08/09/2019 09:00 54,80 63,09 72,45 68,50 31,70
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PMa2s or

PMa2s5 AF

PMa2s BF

Time RH Temp
g/’ (%) )
08/09/2019 10:00 59,24 65,15 71,59 60,80 33,20
08/09/2019 11:00 54,94 65,29 68,84 56,50 33,70
08/09/2019 12:00 48,69 58,54 64,62 59,40 33,70
08/09/2019 13:00 43,07 53,32 58,16 56,10 34,50
08/09/2019 14:00 31,25 51,86 55,76 53,40 35,60
08/09/2019 15:00 40,12 49,46 55,32 55,00 35,00
08/09/2019 16:00 38,22 49,02 58,30 72,80 31,50
08/09/2019 17:00 42,11 52,00 58,34 69,70 32,30
08/09/2019 18:00 43,37 52,04 57,69 71,90 30,50
08/09/2019 19:00 40,60 51,39 56,15 74,80 30,90
08/09/2019 20:00 40,61 47,85 53,96 66,70 30,40
08/09/2019 21:00 28,43 42,66 50,51 66,00 29,30
08/09/2019 22:00 25,69 42,21 51,56 65,50 29,40
08/09/2019 23:00 34,60 45,26 52,43 71,70 29,00
09/09/2019 00:00 36,79 46,13 53,74 74,80 29,00
09/09/2019 01:00 37,53 47,44 57,84 76,90 29,30
09/09/2019 02:00 40,53 50,54 58,44 76,70 29,40
09/09/2019 03:00 32,06 48,14 54,12 77,30 29,40
09/09/2019 04:00 36,95 45,82 49,15 77,50 29,40
09/09/2019 05:00 29,23 37,85 46,65 78,30 29,20
09/09/2019 06:00 24,10 34,35 45,46 78,60 29,20
09/09/2019 07:00 25,71 36,16 47,93 79,80 29,70
09/09/2019 08:00 32,72 41,63 53,57 78,00 30,30
09/09/2019 09:00 37,14 47,27 54,92 73,20 31,30
09/09/2019 10:00 35,37 49,62 58,75 66,30 32,90
09/09/2019 11:00 41,96 52,45 56,92 59,50 34,50
09/09/2019 12:00 40,40 50,62 53,51 54,70 35,10
09/09/2019 13:00 37,70 47,21 51,29 50,20 35,60
09/09/2019 14:00 30,45 42,99 48,93 50,20 35,70
09/09/2019 15:00 34,31 43,63 52,95 54,60 34,60
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PMa2s or

PMa2s5 AF

PMa2s BF

Time RH Temp
g/’ (%) )
09/09/2019 16:00 35,93 48,65 62,12 63,30 33,20
09/09/2019 17:00 47,82 55,82 63,79 76,20 30,00
09/09/2019 18:00 48,07 57,49 61,50 86,20 27,40
09/09/2019 19:00 46,46 54,90 60,33 87,80 28,00
09/09/2019 20:00 40,87 50,03 59,29 83,30 28,20
09/09/2019 21:00 43,84 50,99 57,66 81,90 28,20
09/09/2019 22:00 42,74 51,36 55,47 78,50 28,10
09/09/2019 23:00 38,16 47,17 53,86 80,50 29,20
10/09/2019 00:00 30,07 45,56 51,66 82,00 29,30
10/09/2019 01:00 35,47 44,36 49,58 82,80 29,20
10/09/2019 02:00 32,51 42,28 50,46 84,00 28,80
10/09/2019 03:00 29,33 42,16 51,96 85,50 28,60
10/09/2019 04:00 34,55 45,66 55,82 87,40 28,60
10/09/2019 05:00 41,27 49,52 56,16 88,60 28,50
10/09/2019 06:00 37,79 46,86 53,01 88,70 28,60
10/09/2019 07:00 29,32 39,71 46,23 85,90 26,50
10/09/2019 08:00 25,52 33,93 41,05 84,60 25,90
10/09/2019 09:00 14,37 28,75 35,99 82,80 25,90
10/09/2019 10:00 19,64 27,69 34,76 82,30 25,80
10/09/2019 11:00 14,01 28,46 35,47 88,10 25,20
10/09/2019 12:00 18,28 29,17 36,74 88,30 25,30
10/09/2019 13:00 20,87 30,44 40,82 87,60 25,20
10/09/2019 14:00 25,27 34,52 42,51 86,50 25,40
10/09/2019 15:00 20,25 36,21 43,86 85,70 25,80
10/09/2019 16:00 28,68 38,56 42,44 83,30 26,30
10/09/2019 17:00 21,41 35,14 38,55 83,40 26,30
10/09/2019 18:00 16,07 30,25 35,14 83,90 26,30
10/09/2019 19:00 11,96 28,84 33,34 80,20 26,50
10/09/2019 20:00 17,79 27,04 34,04 84,60 26,30
10/09/2019 21:00 18,45 28,74 41,08 77,20 26,90
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PMa2s or

PMa2s5 AF

PMa2s BF

Time RH Temp
g/’ (%) )
10/09/2019 22:00 28,61 34,78 42,93 83,40 26,10
10/09/2019 23:00 26,74 36,63 44,49 84,30 26,00
11/09/2019 00:00 26,10 38,19 46,40 84,50 26,10
11/09/2019 01:00 30,10 40,10 49,22 84,40 26,10
11/09/2019 02:00 31,84 42,92 55,92 84,10 25,80
11/09/2019 03:00 35,06 49,62 71,21 83,60 25,80
11/09/2019 04:00 65,32 64,91 76,09 84,20 25,70
11/09/2019 05:00 61,60 67,79 73,79 84,50 25,70
11/09/2019 06:00 55,67 66,49 71,94 83,20 25,60
11/09/2019 07:00 41,96 61,64 69,42 87,20 25,50
11/09/2019 08:00 38,39 53,12 67,59 84,30 26,20
11/09/2019 09:00 32,80 51,29 64,55 78,80 28,20
11/09/2019 10:00 47,92 53,25 61,75 77,40 28,80
11/09/2019 11:00 42,95 54,45 59,33 68,80 30,80
11/09/2019 12:00 39,50 56,03 58,78 72,90 30,20
11/09/2019 13:00 53,51 52,48 55,23 86,40 25,80
11/09/2019 14:00 39,23 49,93 51,43 86,60 27,70
11/09/2019 15:00 33,32 47,13 48,12 65,10 31,80
11/09/2019 16:00 39,74 49,82 50,91 66,80 29,60
11/09/2019 17:00 34,83 49,61 54,34 77,80 28,10
11/09/2019 18:00 39,81 48,04 54,30 82,10 27,20
11/09/2019 19:00 36,84 48,00 52,55 77,00 27,60
11/09/2019 20:00 35,83 46,25 49,05 76,10 27,60
11/09/2019 21:00 32,18 42,75 40,32 76,30 27,20
11/09/2019 22:00 23,88 38,02 36,57 83,40 26,40
11/09/2019 23:00 21,57 34,27 39,88 83,70 26,20
12/09/2019 00:00 22,30 36,58 49,44 83,50 26,30
12/09/2019 01:00 34,18 43,14 51,46 84,10 26,20
12/09/2019 02:00 34,21 45,16 52,48 84,10 26,30
12/09/2019 03:00 35,88 46,18 55,48 85,50 26,30
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PMa2s or

PMa2s5 AF

PMa2s BF

Time RH Temp
g/’ (%) )
12/09/2019 04:00 37,90 50,18 61,01 85,70 26,10
12/09/2019 05:00 46,06 54,71 64,62 87,10 26,00
12/09/2019 06:00 48,51 58,32 70,21 88,20 27,10
12/09/2019 07:00 54,84 63,91 79,17 83,10 26,80
12/09/2019 08:00 62,37 72,87 84,50 75,90 28,50
12/09/2019 09:00 67,87 78,20 86,15 73,10 29,20
12/09/2019 10:00 68,96 78,85 83,40 66,70 30,70
12/09/2019 11:00 56,57 75,10 79,07 61,90 31,60
12/09/2019 12:00 52,40 70,77 75,25 65,50 31,10
12/09/2019 13:00 49,91 58,95 66,51 58,50 32,60
12/09/2019 14:00 37,36 52,21 61,74 56,10 33,10
12/09/2019 15:00 36,88 45,44 58,46 50,90 33,70
12/09/2019 16:00 33,14 46,16 56,28 50,20 33,70
12/09/2019 17:00 40,86 49,98 58,31 54,20 33,00
12/09/2019 18:00 33,43 52,01 61,57 56,10 32,40
12/09/2019 19:00 31,65 55,27 64,12 67,50 30,50
12/09/2019 20:00 47,86 58,82 71,93 70,50 30,00
12/09/2019 21:00 56,34 63,63 72,80 72,90 29,50
12/09/2019 22:00 56,89 66,50 74,29 74,00 29,20
12/09/2019 23:00 57,36 67,99 76,33 76,00 29,00
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sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay
19/01/2015




Layer 1 PM2.5

[1]=COMBINE_ACONC_201501.nc

Lt

e
b T

1

18 )
thing mat 19, 2015 00:00:00 UTC

Layer 1 PM2.5
[1]=COMBINE_ACONG_201501 nc

16 21 26

thang mét 19, 2015 03:00-00 UTE

Layer 1 PM2.5
[1]=COMBINE_ACONC_201501 n¢

® o0 2

Hiang mét 18, 2015 08:00:00 UTS

w3

g3

241

w72

21133 |
185,13
15893

132,74

8034

5415 —

263,72
237,52
21133
185,13
158,93
132,74

106,54

26372

23752

M1

185,13

13274

80,34

Layer 1 PM2.5-DA
[1=COMBINE_ACONG_201501 ne

el

16

thang mot 19, 2015 00:00:00 UTC

Layer 1 PM2.5-DA
[1]=COMBINE_AGONG_201501 ne

thang médt 18, 2015 02:00:00 UTC

Layer 1 PM2.5-DA
[TECOMBINE_ACONE_201501 ne

1 6 " 16 4l 26 n 36 4 45
thang mét 19, 2015 06:00:00 UTC

g3

176,73

181,18

143,60

gm3

7333

85,77

196,30

178,73

161,16

143,60

126.03

90,90

7333

pgma

188,30

178,73

161,16

143,60

12603

108,45

80,80




242

Layer 1 PM2.5

[1)<COMBINE_ACONC_201501 ne

<l

283,72

2137852

21133

18513

pgem3

158,83

13274

8034

5415

thang mgt 18, 2018 08000 UTC

Layer 1 PM2.5
[11=COMBINE_ACCONC_201501.nc

263,72

23752

211,33

185,13

(hdng mt 18, 2015 12:00.00 UTC

Layer 1 PM2.5

[1=COMBINE_ACONC_201501 ne
263,72

23752

185,13

132,74

80,34

5415

thang mdt 19, 2015 15:00:00 UTC

Layer 1 PM2.5-DA
[11=COMBINE_ACQONG_201501.n¢

W

1 18 21

z -'3"

ES

thing mét 19, 2015 09:00:00 UTC

Layer 1 PM2.5-DA

[1]=COMBINE_ACONG. 201501 nc

thang mét 19, 2045 12:00:00 UTC

Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201501 n¢

® 31 2 3
thing mdt 19, 2015 15:00.00 UTC

196,30

178,73

181,16

14360

126.03

Hgim3

108,48

73m

pmnd

178,73

161,16

55,77

wgimd

178,73

161,16

143,60

12603

108,48

7333

55,77




Layer 1 PM2.5
[1]=COMBINE_ACONC_201501nc
- 263,72

23752

211,39

185,13

g3

156,63

132,74

T
"l:\ .fk'—{ b

B M
1 be S - ‘C?'r ~ '
26 31 L 45

T
1 8 11 18 M
thiing mét 19, 2015 18:00:00 UTE

Layer 1 PM2.5
[1=COMBINE_ACONC_201501.ne

.33

185,13

ugim3

158,53

13274

thisng mot 19, 2015 21:00:00 UTC

243

Layer 1 PM2.5-DA
[1]=COMBINE_ACONG_201501 ne

A M
| . TIJ i &
1 & 1 16 n ] n 3% 41 46

thing mét 18, 2015 18:00:00 UTE

Layer 1 PM2.5-DA

[1=COMBINE_ACONC_201501.nc

1 & 1 16 7 ES 31 * 4 a5
thing mot 19, 2015 21:00:00 UTC

3

Hinh PL.06: Két qua wéc tinh nong d PM. s trieée khi dong héa (anh trdi) va
sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay
19/01/2015




244

Layer 1 PM2.5 Layer 1 PM2.5-DA
[11=COMBINE_ACONC_201502 nc ——

[11=COMBINE_ACONC_201502 ne
185,68 - 17385
41
17588 . 184,80
37
165,08 337 155,74
291
154,26 145,65
2654
2 2
& 14940 7 o 13763
= il -
132,70 71 12857
131
12180 118,51
o
1111 110,48
s
003 — P e I — 101,40
£ — 1 [ 1 18 21 26 3 38 41 I
thang hai 08, 2015 00:00:00 UTC thang hai 08, 2015 00:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201502.nc ——— [TFCOMBINE_ACONC_201502.nt
y 18558 17385
a
17588 164.60 T8
I
n 185,08 185,74 [°
2
154,29 14588
28
2 7
& e & 13763
1]
7 132,70 12857
13
12180 11851
3
11,11 110,45
5
m
1 | g - 100,31 s 107,40
1 6 1 & 2 2 3 ) a1 4 1 6 1 16 21 % EY £ a 45 L
thang hai 08, 2015 03:00:00 UTC thing hal 08, 2015 03:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201502.na [1}=COMBINE_ACOMC. 201502 nc ]
186,88 17385
175,88 184,80
165,08 155,74
15420 14588
B 2
o 14348 3 1aTe
132,70 128,57
121,90 11951
11,11 110,45
L g o T D ! ; 100,31 101,40
1 8 1 18 2 26 n 5 41 a8 n 2 4 &
1hdng hai 08, 2015 0E:00:00 UTC

thang hai 08, 2015 DE-00-00 UTC




245

Layer 1 PM2.5 Layer 1 PM2.5-DA
[1ECOMBINE_ACONG_201502.nc —_— [TISCOMBINE_ACONG._201502.0
186 68 173,85
41
175,88 " 16450
37
185,08 * 155,74
28
15428 146,68
25
F -
E E
B 14349 - 2 13763
132,70 17 12857
13
12150 119,51
g
i 11048
5
— 100,31 |
a : —_— S — - . 101,40
18 8 b ol ] H 1 15 2 2 3 41
thiineg hai 08, 201% 09:00:00 UTC théng hal 08, 2015 09:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1|*COMBINE_ACONC_201502 nc ——— [1=COMBINE_ACONGC_ 201502 nc
188,68 1r3es
41
" 17520 T 184,20
a1 165,08 155,74 |
28
154,28 14658
25 H
£ a
& 14349 £ 1ares
2 -3 ES
7 132,70 128,57
13
121,50 119,51
5
LR 10,46 |
5
1 p 7 > 5 101,40
! 3 A s = = o p - 10031 1 & 1 18 7 26 1 36 41 48
thing hat 00, 3018-12:00,00 UTG thang hai 08, 2018 12:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201502.nc [1]=COMBINE_ACCNG_201502.nc
18668 173,85
41
17588 164,60
ar
165,08 = 155,74
]
154,28 148,68
5
£ £
& 14349 B 13TE
g 2 2
132,70 171 126,57
134
121,90 119,51
8
R 11046
5
100,31 15 ] g v T v v 3 101,40 *
i & 1 15 21 % £l ® 4 4%

thang hai 08, 2015 15:00:00 UTC théng hal 08, 2015 15:00:00 UTC




246

Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]=COMBINE_ACONG_201502.nc — [1]=COMBINE_ACONC_201502.nc
186,68
17588
185,00
154,28
o
é. 143,48
132,70
121,80
ERERE]
1 —— X g ! ! 100,31 - =
1 8 11 18 3 28 a1 7S 41 48 L 1 ] 1" 16 4] 8 £l 5 41 45
thang hai 08, 2015 18:00:00 UTC thiing hai 08, 2015 18:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1)=COMBINE_ACONG_201502.nc E—— [1/-COMBINE_ACONC_201502.ng
186,68
175,88
16509
154,29
n
E
g 143,48
132,70
12150
11,1
100,31 F ' — ' T T '
1 & T 18 21 % £ 1] % a1 a5 — 1 & 1" 16 2 26 k)| *® 41 &
thing hal 08, 2015 21:00:00 UTC thiing hal 08, 2015 21:00:00 UTG

pgm3

164 80

155,74

14668

13763

12857

11851

1048

101 40

ugm3

Hinh PL.07: Két qua wéc tinh nong d PM. s trieée khi dong héa (anh trdi) va

sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay
08/02/2015




Layer 1 PM2.5
[M=COMBINE_ACONC_201707.nc

" 16 i | % 3 36 41 48

thang bay 07, 2017 00:00:00 UTC
Layer 1 PM2.5

[1]=COMBINE_ACONC_201707.nc

Pt

! — — 1
16 21 % 3 36 41 45
ihding by 07, 2017 03:00:00 UTC

_E
1

Layer 1 PM2.6

[1}=COMBINE_ACONC_201707 e

i} n 38

thing bay 07, 2017 06:00:00 UTC

wam3d

pgimd

34,93

re2

2275

1787

1544

30,08

2762

288

278

03

17.87

g

34,83

30,06

27 62

1787

247

Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201707.nc

18 21 26 o 36
thang bay OF, 2017 D0:00:00 UTC

Layer 1 PM2.5-DA
[1=COMBINE_ACONC_201707.nc

& 1) 3%
thang bay 07, 2017 03:00:00 UTC

Layer 1 PM2.5-DA
[T=COMBINE_AGCNC_201707.nc

21 26
thang bay 07, 2017 06:00:00 UTC

780

2491

2356 |»

wgim3

18,18

16,84

19.53

1818

16,84




a

i

1"

Layer 1 PM2.5

[1]=COMEINE_ACONC_201707 ne

IIB b4} 2‘5 3-1
thdng bay 07, 2017 D8:00:00 UTC

Layer 1 PM2.5
[1}=COMBINE_ACONC_201707.n¢

5
38

3248

1787

15,44

]

"

\_“:‘

16 i % El
théng béy 07, 2017 12:00:00 UTC

Layer 1 PM2.5
[11=COMBINE_ACONC_201T07T nc

ol

® @ % 3 35

thing bdy 07, 2017 15:00:00 UTC

2008
2182

£

2 2518

27

1787

2453

3248

30,06

762

2518

1787

15.44

248

Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201707 nc

41

Fl

5

N

17

—_—
21 28 3 36 4 26
théng bay 07, 2017 03:00:00 UTC

—
1 1" 18

Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201707.n¢

1 & " ® 7 28 i 8 4 %
thang bay 07, 2017 12:00:00 UTC

Layer 1 PM2.5-DA
[FCOMBINE_ACONC_201707.nc

1 [ " 8 21 26 n kg a1 a8
thang by 07, 2017 15:00:00 UTC

ugim3

2780

2481

2358

18,18

16,84

Hg'm3

249

2356

18,52

18,18

Hgim3

27860

2356

2222




Layer 1 PM2.5
[1}=COMBINE_ACONC_201707 ne

1 [} 1" 16 bl ..} n

g-‘
&

thiing bay 07, 2017 18:00:00 UTC

Layer 1 PM2.5
|1 FCOMBINE_ACONG_201707.ne

14 o o f'}’r'“( L

1 & 1 ] 2% 3 ® 4 46
thing by 07, 2017 21:00:00 UTE

pgm3

% 26,18
2275
2031
17.87

15,44

Layer 1 PM2.5-DA
[11=COMBINE_ACONC_201707.nc

18,19 |

1] 18 bl %8 # 36 41 48
thang biy 07, 2017 18:00:00 UTC

Layer 1 PM2.5-DA
1=COMBINE_ACONG_201707 ne

1 16 L » Ell » 41 46
thang by 07, 2017 24:00:00 UTE

Hinh PL.08: Két qud wéc tinh nong dé PM. s trude khi dong héa (dnh trdi) va
sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay
07/07/2017



250

Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]=COMBINE_ACDNC_201708.n¢ [1=COMBINE_ACONG_2017089.nc
274 '- e AR = o
| L, = :
027 | i 27,03
7B 2544
2535 2386
g m
5 288 f; 2228
2042 2070
1796 18,12
15,49 1754
1303 T v 1596
1 B " 16 21 % n 36 41 a5
théng ehin 08, 2017 00:00:00 UTC thing chin 09, 2017 00:00.00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1}=COMBINE _ACONGC_201709.nc f—————— [11=COMBINE_ACONG_ 201708 ne
3274 /et
3027 703
s 2544
2535 2388
n o
E
B o s 2228
2042 20,70
1786 19,92
1549 1754
. [
B 1303 v v 7 i y v v 15.96
" 16 21 F. 1 6 " 19 2] % n 38 41 48 —_—
théing chin 0, 2017 03:00:00 UTC ‘thing chin 09, 2017 03:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201 709, ne —— [HIFCOMBINE_ACOMNC_201 T08.ne
L 27 2861
3027 2703
27,81 2544
835 2386
£ 2
2 88 B ne
w42 2070
17,96 1912
15.48 1754
1303 s & ¥ T T T - 1588
1 [ n 15 2 26 n 4 a5

thang chin 08, 2017 06:00.00 UTC thang chin 09, 2017 06:00:00 UTC




251

Layer 1 PM2.5 Layer 1 PM2.5-DA
[1}=COMBINE_ACONC_201708 nc [1]=COMBINE_ACONC_201709.nc
= ; For 2881
0,27 o
27811 2544
2535 2386
2 [
g 2288 3 28
20,42 2070
17,96 1912
15.48 17.54
m
- = = 1303 1596
16 21 % 16
théng ehin 09, 2017 09:00:00 UTC théng chin 09, 2017 03:00:00 UTE
Layer 1 PM2.6 Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201708.nc —_— [1I-COMBINE_ACONC._201708.n
=_T4 2881
027 Py
2781 25,44
5,35 2388 |)
o =
E A
En 2288 a 22281
2
042 20,70 1o
1798 18,12
1548 17,54
7
T - i r . - 13,03 [ z —— = 5 ; 1598
1 B 1 18 21 . N 36 41 48 1 6 n 1% a1 6 n k) 41 45 _—
théing chin 09, 2017 12:00:00 UTC W S 08, JtE AEOR LG
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1I=COMBINE_ACONG_201709 nc - - [IECOMBINE_ACONC_201708:nc —
r 2881 ‘
e ‘
2544
2388
=
E
5 2%
w70
19,12
1754
A
Tl g imoe i |
1 [3 " 18 21 26 k1] £ 41 46 —

thang chin 08, 2017 15:00:00 UTC ihéing chin 08, 2017 15:00:00 UTC




252

Layer 1 PM2.5 Layer 1 PM2.5-DA
[1]1=COMBINE_ACONC_201708.n [1]=COMBINE_ACONC_201709 ne:
L AL
3027
2.
535
b
2 22,88
20,42
17,96
| 1545
\L P
g4 P = i“lr\—l\ r : L‘W 1503 i - - - ; : ST ' 2 15,86
1 -} " %5 i) 8/ Ell e 41 £ 1 & " 1% 23 .- 3 EL] a1 45
thisng chin 08, 2017 18:00.00 UTC thing ehin 08, 2017 18:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[I=COMBINE_ACONC_201708.nc [I=COMBINE_ACONG_201708.nc
) 274 ey
027
27.81
pon]
£
& 2288
3
0,42
1796
18,45
1 S . o . . 13,08 1 T = % T y 1856
1 & 1 16 21 % n 38 41 45 1 -] 1 18 N 28 an 36 41 46
thing chin 08, 2017 210000 UTC thang chin 08, 2017 21:00:00 UTC

Hinh PL.09: Két quad wéc tinh nong dé PM. s trude khi dong héa (anh trdi) va
sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay
09/09/2017




41

w

29

b

2

1 & n

“

g

Layer 1 PM2.6
[1J=COMBINE_ACONC_201902 nc

% M
thing hai 08. 2018 00:00:00 UTC

® ® 41 6

Layer 1 PM2.5
[1]=COMBINE_ACONC,_201802 ne

16 Fy % n k-
thang hai 08, 2018 03.00.00 UTC

Layer 1 PM2.5

[1]=COMBINE_ACCNC_201902 ne

41

9

.-}

7

17

13

8

5

1 g 7 v g 3 y
1 L] " 18 4l = n » 4@ 46

‘thang hai 08, 2018 08:00:00 UTC

60,09

sror

5405

51,03

4801

Ho¥m3

4455

a187

3895

3583

253

80,08

5707

3583

Layer 1 PM2.5-DA

[1]=COMBINE_ACONC_20M802.ne

4825

4558

41,45

16 3 n 38

thang hai 08, 2018 00:00:00 UTC

Layer 1 PM2.5-DA
[1=COMBINE_ACONG,_201802 ne

60,51

48,25

4588

il

] 4372

4145

36,83

Layer 1 PM2.5-DA
[MIECOMBINE_ACONC_201902.na

@

1 16 ral % N 36 “ a6

théng hal OB, 2018 06:00:00 UTS



Layer 1 PM2.5

[1FCOMBINE_ACONC_201802.nc

1 € " |IE 2‘1 EIE I
théng hai 08, 2015 09:00.00 UTC

Layer 1 PM2.5

38

[1j=COMBINE_ACONC_2071802 ne

1 -} ” 16 2 i}

thing hai 08, 2015 12:00.00 UTC

n

Layer 1 PM2.5
[1ECOMBINE_ACONC_2016502 nc

& 21 26 3
théng hai 08, 2019 15:00:00 UTC

36

EL

41 48

41 i

0 .

3

2

60,08

s7.07

487

3885

3593

wooe

57,07

4187

Er]

maa—

80,08

51,03

480

4488

41,67

254

Layer 1 PM2.5-DA
[ECOMBINE_ACONC_201502 nc

8 11 1B 2 28 3
thiing hai 08, 2015 08.00:00 UTC

3‘3 I-‘J 4‘6

Layer 1 PM2.5-DA
[TFCOMBINE_ACONC_201802 ne

16 1) x H
thiing hai 08, 2018 12:00:00 UTC

Layer 1 PM2.5-DA

[1]=COMBINE_ACONC_201902 re

Il. & |I‘ ‘; ;2-‘ .3 3 k] 41 F 4‘8
thing hai 08, 2018 15:00:00 UTG

pgima

4825

45,88

4145

ugim3

4372

4145

34,66

52,77

45,88

4372

41,45

36,93 7

34,66




Layer 1 PM2.5
N=COMBINE_ACONC_201202.nc

1 L] " 16 21 2% Eal 36 Ll 48
thang hal 08, 2013 16:00:00 UTC

Layer 1 PM2.5

[1]=COMBINE_ACONC_201302 ne

hsing hai 08, 2019 21:00:00 UTC

255

60,08

57,07

54,05

008

5707

3553

Layer 1 PM2.5-DA
[1ECOMBINE_ACONC_201902 ne

thang hai 08, 2018 16:00:00 UTC

Layer 1 PM2.5-DA
[=COMBINE_ACONG_201802.nc

1% 2 % k2l
thing hai 08, 2019 21:00:00 UTC

Hinh PL.10: Két qua wéc tinh nong dé PM. s trude khi dong héa (anh trdi) va

sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay

08/02/2019




256

Layer 1 PM2.5
[1)=COMBINE_ACONC_201908.n¢

16 3 n 36
thang chin 08, 2018 00-00:00 UTC

Layer 1 PM2.5
[1]=COMBINE_ACONG_201508.nc.

56,07

532

pgm3

51,38

49,04

48,70

44,36

1 L i 16 L % n k- a1 a8
thing chin 08, 2018 03:00-00 UTC

Layer 1 PM2.5

[1]=COMBINE_ACONC_201909 ne

63,09

60,75

58,07

Hgim3

saT2

504

1 L3 1% 2n % n » 41 “w
thing chin 08, 2018 06:00-00 UTC

41

s

Layer 1 PM2.5-DA
[1FCOMBINE_ACONC._201908.n¢

% 3 3% 41 a6
thing chin 09, 2018 00:00:00 UTC

1 B 11 " F)

Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201808 ne

33

B 4 i

1 & 1 ® N = W
‘thang chin 08, 2018 03:00:00 UTC

Layer 1 PM2.6-DA
[1)=COMBINE_ACONC_201909 it

1 -3 1" 18 2t 26 n 36 41 46
thang chin 08, 2015 06:00:00 UTC

4582

4717

4451

pgm3

4185

ppm3

ugima

513

ara7

44 51

45,82

451

4188




Layer 1 PM2.5

[1J=COMBINE_ACONC_201808.nc

1 L]

1 18 n ol n » a 46

thang chin 0%, 2015 05:00:00 UTC

Layer 1 PM2.5
[1]=COMBINE_ACONC_201808.nc

8308
41
B0, 75
ar
n sa41
F
se07
2%
5372
21 2
7 51,36
13
49,04
9
46,70
&
1 4435
1 [ il 16 2 2% k1) % 4 48
thang chin 0%, 2019 12:00:00 UTC
Layer 1 PM2.5
[1FCOMBINE_ACONC_ 201808 nc
63,08
o
8075
ar
b 5841
28
55,07
25
£
= -]
k3] 2
17 5138
13
45,04
48.70
- e — 4438
1 8 11 18 Fe F el k] a1

257

thiing chin 03, 2015 15:00:00 UTC

Layer 1 PM2.5-DA
[1]=COMBINE_ACONC_201808.n¢

41
7
33
2
%
2
7
13
g8
5
= ]
1 16 21 3 a1 46

thing chin 2, 2012 02:00:00 UTC

Layer 1 PM2.5-DA
[1ECOMBINE_ACONG_201808 ne

1 & " 18 ] 28 1] w4 B
thang chin 08, 2018 12-00:00 UTE

Layer 1 PM2.5-DA
[1FCOMBINE_ACONC_201808.nc

1 . e S N - . = -

- =
1 -3 " 1% n 26 n ] a 46

thang chin 09, 2013 15:00:00 UTC

4882

a7

ppm3
£
=

33,89

pgim3

52,48

4185

36,54

4717

4451

4185

36,54




258

Layer 1 PM2.5 Layer 1 PM2.5-DA
[1=COMBINE_ACONC_201808.nc [1]=COMBINE_ACONC_20180%.nc
5513
41
5248
37
5] a2
23
4717
5 2
> 4451
2 2
17 4185
134
W20
a
s| 3654
= 1 3389
1 16 2 26 31 E 4 45 1 [ n 18 2 I £ 41 46
thang chin 09, 2019 18:00:00 UTC thing chin 09, 2019 18:00:00 UTC
Layer 1 PM2.5 Layer 1 PM2.5-DA
[1=COMBINE_ACONC_201908.nc [FCOMBINE_ACONG_201908.nc
83,09
en7s
sa.41
507
£
B R
S513a
48,04
4570
4438 1 = — 3RS
1 B 1 16 4l 26 3 k-] 41 46 1 -] 1 1% 21 26 3 3% 41 46
{hang chin 09, 2018 21:00:00 UTC thang chin 09, 2019 21:00:00 UTC

Hinh PL.11: Két qud wéc tinh nong dé PM. s trude khi dong héa (anh trdi) va
sau khi dong héa (anh phdi) tai 00, 03, 06, 09, 12, 18 va 21 gio ngay
09/09/2019



