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Tém tat: Ky thudt déng hda sé liéu 4D-Var trong module déng héa sé liéu WRFDA cta hé théng mé hinh
Nghién ctru va dw bdo thoi tiét WRF da duoc ting dung tai nhidu Trung tdm nghién ciru trén thé gidi trong

nghién ctru, dy bdo néng dé PM, . trong khéng khi.

Bai bdo nay trng dung thudt todn 4D-Var trong WRF déng hda sé liéu AOD tir di¥ liéu vé tinh MODIS lam
ddu vao cho mé hinh chét lugng khéng khi CMAQ dé udc tinh ndng dé bui PM, . cho khu vire Ha NGi.

Két qud cua thuc nghiém cho thdy néng dé PM, , sau khi déng hoa di liéu AOD cho hé théng mé hinh
WRF-CMAQ c6 twong quan R? = 0,669 vdi di¥ liéu ndng dé PM, . duoc quan trdc tai tram cdé dinh Trung Yén,
két qud burdc ddu cd thé ting dung du bdo ndng dé PM, . khu vurc ha néi.

Tir khéa: D6 sdu quang hoc sol khi (AOD), O nhiém khéng khi, PM, ,, Vién thém.

1. Gi¢i thiéu

Ky thuat dong hda sé liéu bién phan bdn
chiéu 4D-Var trong hé théng mé hinh WRF cho
thdy két qua cua hoat déng dy bdo duwoc cai
thién dang ké so vdi hé théng 3D-Var [13].

Phuong phap 4D-Var c6 mét s6 wu diém so
véi 3D-Var:

- Kha ndng s dung dit liéu quan tric tai
thoi diém do dac hodc trong khoang thoi gian
xac dinh trudc trong budc thoi gian dong hda
phu hgp vdi hau hét céc loai dit liéu quan trac
duoc;

- Xac dinh r6 cac phuwong sai dy bao thong
qua viéc t6i wu cdc quan sat trong sy bién doi
cla thoi tiét;

- Kha nang sir dung m6 hinh dy bdo dé gia
tdng can bang dong cla phan tich cudi cung.

V&i moét sé cadi tién nay, ki thuat 4D-Var

gilp cho viéc thiét 1ap dau vao md hinh dugc
cai thién dang ké&. B6i véi quan trac va du béo
6 nhiém khoéng khi viéc ap dung ky thuat dong
hda bién phan 4D-Var dé déng hoa s6 liéu do
sau quang hoc sol khi (AOD) tlr di¥ liéu vé tinh
MODIS cho hé théng mé hinh WRF-CMAQ sé&
dem lai két qua kha quan trong tang cudng cac
két qua tir md hinh trong viéc gan két két qua tur
cac tram do mat dat véi hé théng dy bdo gidm
sat tr mo hinh [12].

2. Thuat toan WRF 4D-Var

Thuét toan WRF 4D-Var dwgc s dung trong
cac hé théng du bdo [4], [12], [15], [16] theo
cach ti€p can xac dinh cac gia s6 phan tich nham
giam thiéu ham chi phi, dugc dinh nghta |a ham
cUa gia s6 phan tich.

Ham chi phi 4DVAR |a ham phi tuyén tinh
theo cong thirc:

T(xe) = %(xo — X2 B (xg — x2) +%i[H,.<x,.) — T RO [H,(xp—»,]1 (1)
=K

Trong d6 chi s6 “0” 13 thoi diém bt dhu cla

Lién hé tdc gid: Nguyén Héi Pbng
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khoang thoi gian phéan tich 4DVAR. Ham chi phi
sau khi bién d6i theo m6 hinh tiép tuyén thanh
ham chi phi gia tang (2):
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1 77
J(x) =

M. 1a mé hinh dy bao va H, la toan tlr quan
trdc theo thoi gian dy tinh duwogc chia theo
khodng phu hop i. Trong bai todn déng hoa dir
lieu AOD tlr vé tinh MODIS, gia tri AOD chinh
la toadn t&r quan trac H. B ma tran sai s6 hiép
phuong sai cla trudng nén la mot wdc lugng
khi twgng, trvdng nén vector x? 1a dy bdo ngan
han duogc tao ra bdi mot phan tich trudc dé. X la
vécto biéu thj phan tich khong lién tuc sau vong
I3p ngodi thr ivdii=1, ..., nvéinlasdlan
[3p. x" vector gia tri thu dugc sau vong lap bén
ngoai cudi cung (th& n) duoc ky hiéu 13. Viéc toi
wu hda vong 13p bén trong bat dau tir mot trang
thai dy bao x"~* la trang thai phan tich tr vong
I3p bén ngoai gan nhat. Trong vong |3p ngoai
dau tién, trwdng nén x° thuong duoc 1ay lam
trang thai du bdo x° dau tién.

Theo ly thuyét, trang thdi phan tich nhan
dugc khi ham chi phi (2) dwoc t8i thiéu héa
hodc khi gradient cla né bang khéng, viéc toi
thiéu hoa dién ra trong vong l3p bén trong cla
thuat toan WRF 4DVar. Vé&i trang thdi trwong
nén x’, cac diéu kién bién hop 1é trong clra sé
thoi gian phan tich, ma tran hiép phuwong sai
trudng nén va sai s6 quan trac twong rng B va
R, dugc nhém thanh clra s6 thoi gian K, WRF

1 - 3
E(Jco—xf,’)TB 1(xo—x(’,)+52

i=1

[#, (M, (xo»— 3,1 R [H, (M, (x,)—»,] (2)

‘WRF Program

WRF-DA

Dir liéu quan st
thay thé
(MODIS - AOD)

mé pliing, hgp ult dt dix fi¢u tramg lip, kiém

WRFDA sir dung.
- da_wrfvar: module dong hoa so li¢u trong
Lhé thing mb linl WRE.

- o;spmc: logi b6 cdc quan st ngodi mi&l]

~

4DVar sé tao ra gia tri phan tich cudi cung x" [4].
3. Két qua nghién ctru
3.1. Di¥ liéu va Phén mém

+ Thoi gian mé phdng: tir 00h dén 24h ngay
21 thang 01 nam 2019.

+ Pham vi khéng gian: Khu vuc Ha NG6i va lan
can

+ S liéu thue do: Tram do chat lwgng Khéng
khi ¢6 dinh, Trung Yén, Ha néi (S& Tai nguyén
Moéi trudong Ha Noi)

+ Hé théng mé hinh: Hé théng mo hinh WRF-
CMAQ v&i m3 ngubn ma duoc cai dat vai nén
hé diéu hanh Ubuntu 16.04 64 bit trén may PC
corei7, 2,4 GHz, 24GB RAM, 02TB SSD.

+ D liéu khi tuong déu vao: Ngudn s liéu
khi twong Global Forecast System (GFS) bao phu
tlr toan cau téi do phan giai ngang 1a 28 km.

+ Di¥ liéu vé tinh: Cac san pham tiéu chuan
tlr vé tinh MODIS MODO04 3K - MODIS/Terra
Aerosol 5-Min L2 Swath 3km va MYDO04 3K
- MODIS/Aqua Aerosol 5-Min L2 Swath 3 km
https://modis.gsfc.nasa.gov/data/ vdidinh dang
HDF (Hierarchical Data Format).

3.2. Cdc bwdé'c mé phéng

P

CMAQ Program
MCIP

tra tinh nhat qudn, 18p quan sdit d‘qu

=7eal: khdi tao cho dir lidu
thyre t cho thoi gian v mién

mo phong

I

OBSGRID
=Obsgrid: thém 6 ligu quan sit dé
phan tich klrach quan cdai thién chat

Di li¢u quan
sat tiéu chuin

=Thcip: By xir Iy khi tuwgng -
héa hoe, tao cdc tgp dau vio
cho CMAQ

=TCON: chuin bj cdc diéu - CCIM: xik Iy
kign ban diu vé héa hoc (IC) thanh phin héa
hoc va vin chuyén

cho CCTM

=BCON: chuin bj cde didu
kién bién ban diu (BC) cho

CCT™M

7

lugng 56 li¢u
WPS

.
-;eogrid: xdc dinl mién tinh

- ungrib: trich xudt dit ligu mo hinh
- metgrid: ndi suy div liéu thuc theo
4 chiéu ngang vao mién mé phing

Di ligu
dia hinh

Dt ligu
Iw6i nén (GFS)

il

>

POST-Processing
(VERDI)

Hinh 1. So @6 cdc budc thue hién mé phdong thi nghiém
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Hinh 1 13 hé théng md hinh WRF-CMAQ
théng qua tién ich chuyén déi MCIP (kém theo
g6i m3 nguén cia CMAQ).

Qua trinh déng hda dit liéu AOD tir vé tinh
MODIS si¢ dung phuong phap 4DVAR trong
giam sat ndng do PM, _ duoc thuc hién tai budc
(4) trong so d6 tai Hinh 1 (module WRF-DA). Sau

khi tién hanh mé phong thuc nghiém véi céc
diéu kién va quy trinh nhu d3 trinh bay & phan
trén, k&t qua thu dwoc 1a céc file ban d6 thé hién
nong do vat chat hat PM, .. Céc két qua PM,,
chuwa déng héa (bén trai) va sau khi dong hoa
(bén phai), tang thadp nhat (100 m) t&r mé hinh
nhu hinh dudi day (Hinh 2).

Layer 1 PM25 Layer 1 PM25-DA
[1F-COMBINE_ACONC__20180121.nc 11-COMBINE_ACONG_20180121 ¢
36,068 098
35897 0320
35608 20755
35374 29,191
2 2
§ i § ez
34911 28,062
34,680 27,498
34,448 26934
a7 26,369
7 » B
théng mit 21,2019 120000 UTC théng mt 21,2019 120000 UTC
Min (1, 14) = 34,279, Max (35, 13) = 35,373 Min (1, 15) = 27,377, Max (35, 13) = 20,781
Layer 1 PM25 Layer 1 PM25-DA
[FCOMBINE_ACONC__20190121.n¢ [1FCOMBINE_ACONC_20190121.nc
36,068 30,884
35697 30320
35,606 29,756 '
3374 284181
2 =
3 35143 é 28,627
91 28082
34,680 27,498
e 2893 I
34217 26,369
théng mét 21, 2019 13:00:00 UTC ‘théang mét 21, 2019 13:00:00 UTC.
Min (7, 7) = 34,391, Max (33, 14) = 35,659 Min (15, 12) = 27,556, Max (33, 14) = 30,242
Layer 1 PM25 Layer 1 PM25-DA
[1=COMBINE_ACONC__20190121.nc [1}=COMBINE_ACONC_20190121 .nc
= = 36,068 0884
35837 0320
35606 29755
374 2191
e 2
£ w143 3 28627
34911 28,062
34680 27498
34,448 26,934
a7 2369
7
thdng mét 21, 2019 14:00:00 UTC ‘thang mat 21, 2019 14:00:00 UTC
Min (7, 7) = 34,459, Max (32, 10) = 35,791 Min (20, 43) = 27,733, Max (32, 10) = 30,450
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Layer 1 PM25

OMBINE_AGONG__20180121 nc

Layer 1 PM25-DA

[11=COMBINE_ACONC_20190121.nc
36,068 30,884
35,837 30320
35,608 20785
5374 20,191
7 :
5 w0 5 mE27
34,911 28082
34,680 27,498
30,448 26934
S 26,369
thang mit 21, 2019 150000 UTC A 0 220 A0 00 U
Min (7,7) = 34,577, Max (33, 3) = 35,820 Min 20, 43) = 27,660, Max (33, 3) = 30,495
Layer 1 PM25 Layer 1 PM25-DA
[1I=COMBINE_ACONC_20190121 nc OMBINE_ACONC_20180121.nc
36,088 30884
35,837 30320
35,606 20755
35374 20191
&z €
£ i 5 g7
ECET 28,082
34,680 27,408
3s,408 26034
3217 2638
4 ot 21, 2019 16:0000 UTC théng mot 21, 2019 16:00:00 UTC
i (20,43) = 34,625, Max (34, 6) - 36068 Min (20, 43) = 27,741, Max (34, 6) = 30,884
Layer 1 PM25 Layer 1 PM25-DA
HI=COMBINE_ACONC__20190121.nc OMBINE_ACONC_20180121.nc
36,068 30,884
35837 30,320
35,606 20,785
35374 20,191
€ €
EREALE 5 ez
911 28,062
L 27,498
A 26,934
A2 26,369
théing mot 21, 2010 17

Min (20, 43) = 34,620, Max (34, 5)

thang mot 21, 2019 17:00:00 UTC
Min (20, 43) = 27,699, Max (34, 5) = 30,857
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Layer 1 PM25

Layer 1 PM25-DA
i OMBINEACONCE 20190121inc [1]=COMBINE_ACONC_20190121.nc
il 30,884
cELE 30,320
daio0e 20,755
35,374 29,181
g 2
g 36143 \gv 28,627
91 28082
34680 2408
4448 293
417 26,369
16 n 26 3
thang mdt 21, 2019 18:00:00 UTC thang mot 21, 2019 18:00:00 UTC
Min (20, 43) = 34,638, Max (38, 10) = 35,791 Min (20, 43) = 27,774, Max (38, 10) = 30,449
Layer 1 PM25 Layer 1 PM25-DA
1 OMBINE_ACONC__20190121.n¢ [11=COMBINE_ACONC_20180121.nc
35,068 884
e 320
35,606 29,755
35374 28,181
2 z
;m\ 35,143 T 28827
4ot 28082
34680 21438
448 25934
st 26369
thang mét 21, 2019 19:00:00 UTC thang mét 21, 2019 19:00:00 UTC
Min (20, 43) = 34,658, Max (39, 10) = 36,046 Min (20, 43) = 27,817, Max (39, 10) = 30,850
Layer 1 PM25 Layer 1 PM25-DA
OMBINE_ACONC__20190121.nc [11=COMBINE_ACONC_20190121.nc
36,068 30,884
35,837 30,320
35,606 29,756
35374 29191
e .
5 314 § 28627
34911 28,062
34,680 27,498
34,448 26,934
N7 26,369
‘théng mat 21, 2019 20:00:00 UTC ‘théng mdt 21, 2019 20:00:00 UTC
Min (20, 43) = 34,631, Max (39, 8) = 36,068 Min (20, 43) = 27,679, Max (39, 8) = 30,884
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Layer 1 PM25

[1]=COMBINE_ACONC__20180121.nc

36,068

35837

35,808

35,374

ugim3

35143

34911

34,880

34,448

34217

16 2t 25 El

Layer 1 PM25-DA

[1I=COMBINE_ACONC_20190121.nc

30,884

30,320

29,785

29,191

g3

285827

28,082

27,408

26,934

26,369

thang mot 21, 2019 21:00:00 UTC
Min (20, 43) = 34,616, Max (39, 7) = 36,038

[ 11 16 2 % 3 3 # a8

thang mot 21, 2018 21:00:00 UTC
Min (20, 43) = 27,634, Max (39, 7) = 30,836

Hinh 2. Két qud wdc tinh ndng dé PM, , truéc khi déng hoa (dnh trdi) va sau khi déng héa (dnh phdi)
tai tdng thdp nhdt 100m tir 12 gio dén 21 giér ngay 21/01/2019

Suw chénh léch gilra gia tri nong do PM,
tai tram quan trac (& d6 cao khoang 10 m)
va giad tri ndng do tir két qua clha mo hinh
sau khi d6ng hda dit liéu vé tinh AOD tai bé

mat 100 m (&p sudt 750 mb), do sy chénh
léch vé d6 cao cla thiét bj tai tram quan
trac c6 dinh va do6 cao |&p dau tién cla moé
hinh.

Bdng 1. S6 liéu ndng dé PM, , tai tram Trung Yén (PM, -QT) va sau déng hoa (PM, -DA)

tir 12 gier 00 dén 21 gier 00 ngay 21 thdng 01 ndm 2019

Thei gian PM, -QT PM, -NoDA PM, -DA Chénh léch
(ng/m?) (ng/m?) (ng/m?) (DA-QT)
21/01/2019 12:00 17,92 59,610 27,52 9,60
21/01/2019 13:00 18,07 59,521 28,37 10,30
21/01/2019 14:00 18,12 59,564 26,49 8,37
21/01/2019 15:00 18,17 59,494 26,40 8,23
21/01/2019 16:00 18,23 59,670 26,63 8,40
21/01/2019 17:00 19,54 59,880 28,88 9,34
21/01/2019 18:00 20,85 59,978 27,98 7,13
21/01/2019 19:00 22,14 60,248 30,25 8,11
21/01/2019 20:00 21,99 60,018 29,02 7,03
21/01/2019 21:00 22,47 60,274 30,27 7,80

Do anh huwdng cta céc yéu té khi twong nhu
dd 4m, nhiét do, tdc d6 va hudng gié: Nhiét do
thu duoc tai tram quan trac trung binh ngay
21/01/2019 khoang 15,6°C, d am khoang 70%,
tdc do gié khoang 2,6 m/s, do vay, cac vat chat
hat d3 dwoc dy Ién cao va gia tri ndéng dé cao
hon gia tri thu dwoc tai d6 cao cla tram quan
trac.

Viéc so sanh hai gid tri nay chi c¢6 y nghia
tham khdo mac du hai gid tri déu clng thoi diém
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(cung gi®) vi gid tri ndng do sau khi déng héa dir
liéu vé tinh AOD Ia gid tri mang tinh chat tdng
cOt tai thoi diém phan tich trong khi gia tri tai
tram quan trac | gia trj tirc thoi tai vi tri quan
trac va tai bé mat do cao dat thiét bi.

Bi€u do twong quan tuyén tinh gitra néng do
PM, . cia m6 hinh sau khi déng héa dit liéu AOD
tlr vé tinh MODIS va néng dé PM, . duoc quan
trac tai tram c8 dinh Trung Yén (Hinh 3) cho thay
cé mdi twong quan nhat dinh. K&t qua tai Bang




1 cling cho thay, di¥ liéu AOD d3 duwoc déng hda
trong k&t qua cia mé hinh va cé thé sir dung lam
dit liéu dau vao cho md hinh chat lvong khéng

khi tai nhitng khu vyc thiéu sé liéu quan trac
phuc vu céng tac gidm sat chat lvong khéng khi
trén khu vuec.

31.00

29.00

27.00

25.00

PM; 5 (af_as)
bt

21.00

19.00

17.00

Trung Yén - 21/01/2019

17.00 18.00 19.00 2000 2100 2200 23.00

PM, s-QT (ng/m?)

y=0.6351x +15.635
R2=0.7074

Hinh 3. Két qud hdi quy ndng do PM,, _ tir tram quan tréc va mé hinh CMAQ ngay 21/01/2019

4. K&t luan

Bai bdo nay I3 téng quan ngan gon vé kha
nang 4D-Var trong hé théng WRF dugc xay dung
dua trén cong thirc gia tang cia WRF-Var. Cau
trdc ham cla 4D-Var dugc nghién cru bang thi
nghiém déng héa AOD cho chat luvgng khdng khi
duwoc trinh bay trong bai bdao nay chirng minh
rd rang su tuyén tinh hda duoc thyc hién trong
mo hinh tuyén tinh tiép tuyén va ban chat phu
thuéc clia cdc buwdc phan tich trong thoi gian
déng héa.

Két qua nong d6 PM, . sau khi thyc hién déng

héa dit liéu AOD cho mé hinh chat lwgng khéng
khi cé tuong quan tich cyc (R? = 0,669) véi dir
liéu ndng d6 PM, _ dwgc quan trac tai tram ¢
dinh Trung Yén, cé nghia 1a phuwong phap déng
hda s6 liéu AOD c6 thé (rng dung trong wéc tinh,
gidm sat nong d6 bui PM, .

BS sung cac dit liéu tai cc tram quan trac ¢
dinh va cac tram quan trac tirc thoi trong dong
héa véi cac sé liéu toan cau cd chiéu hudng
tét trong nang cao dd chinh xac du bdo néng
d6 PM, . phuc vu muyc dich giam sat chat lwong
khong khi trong khu vuc.
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Abstract: 4D-Var data assimilation technique in the data assimilation module of the Weather Research
and Forecasting system (WRFDA) has been applied at several research centers in the world in research and
prediction of PM,  concentration.

This study applied 4D-Var algorithm in WRF to assimilate AOD data from MODIS satellite data as input to
CMAQ air quality model to estimate PM, ; dust concentration for Ha Noi area.

The results of the experiment show that the concentration of PM, . after assimilation of AOD data for the
WRF-CMAQ model system is correlated with R* = 0.669 with the observed PM, , concentration data at the
stationary Trung Yen. The initial results can be used to predict concentrations of PM, . in Ha Noi.

Keywords: Aerosol optical depth (AOD), Air pollution, PM, ,, Remote sensing.
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