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Observation and modeling study of the influence of aerosol radiation effect on meteorology and environment. YANG
Jian-bo'?3, CAl Zi-ying®, YANG Xu®, XING Rui*, MENG Li-hong'?, LI Ying-hua'? (1.Tianjin Institute of Meteorological Science,
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Laboratory for Atmospheric Environment-Health Research, Tianjin 300074, China; 4.Tianjin Binhai New Area Meteorological
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Abstract: Two representative years (2015 and 2019) were selected to investigate the impact of aerosol radiation effect on bulk
atmospheric transmissivity and incoming solar radiation, as well as the evolution of such effect, on the basis of in-situ observation
and numerical simulation. With the application of the online coupled atmospheric chemistry model WRF-Chem, the feedback
mechanism of aerosol radiative effect on the vertical distribution of meteorological factors, the boundary layer structures and the
PM, 5 concentration during heavy pollution episodes were analyzed. Results showed that: haze pollution could lead to the obvious
decline of bulk atmospheric transmissivity and this effect was dominant at noon. In spring, autumn and winter, haze pollution could
lead to the reduction of bulk atmospheric transmissivity by 0.09, 0.11 and 0.09 at noon, respectively. The annual mean atmospheric
transmissivity was reduced by about 15.5% due to haze pollution. While atmospheric transmissivity reduction due to cloud cover was
about 22.4%, compared to clear days. The impact of aerosol and cloud on atmospheric transmissivity was also related to solar
elevation angle. When the solar elevation angle was higher than 60°, haze pollution could lead to a reduction of atmospheric
transmissivity of 8.6%. The attenuation of aerosol radiation effect on solar radiation would be enhanced with the aggravation of haze
pollution. As the air quality level in Tianjin changing from I to VI, the mean incoming shortwave radiation flux at noon would be 484,
446, 439, 342, 328 and 253 W/m?, respectively. During heavy pollution episode, the aerosol radiation effect could lead to cooling (0.8
C) and moistening (3.8%) of near-surface layer (below 250m), as well as heating (0.5°C) and drying (2.4%) of upper layer
(300~1900m), which would then lead to the enhancement of inversion intensity and the weakening of vertical diffusion. This would
finally form the positive aerosol-radiation-boundary layer-pollution feedback, hence lead to the further enhancement of PM, s
concentration (up to 40pg/m®) near the surface, and this effect was more evident at about 16:00 in the afternoon. Since the

implementation of atmospheric pollution prevention and control actions, the air quality in Tianjin has been continuously improved.
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Compared to 2015, the annual average PM, 5 concentration of 2019 in Tianjin was reduced by 27.1% and the number of polluted
days was reduced by 43.8%. As a result, the attenuation effect of aerosol on solar radiation was weakened, as the haze pollution
would lead to the reduction of noontime atmospheric transmissivity by 0.05 in the winter of 2019. Air pollution (AQI grade higher
than IV) would reduce the incident shortwave radiation by 85.3W/m? at noontime. Nonetheless, during heavy pollution episode in
2019, the aerosol radiation effect could still exert a nonnegligible impact on the aggravation of pollution levels (up to 20pg/m?)
through the modification of vertical atmospheric stratification.

Key words: acrosol radiation effect; bulk atmospheric transmissivity; heavy pollution episode; atmospheric boundary layer; feedback

mechanism

RN URL ) v e AT 3 ) 1 It ) fe T
LIRS ] 2 — 1) — R KA G Y 4 VR
TG 4 S5 A 75 B A 2 R i 15 DA Rl 7,
(B H i AR BURL) AR S 321K 2 G e 1) 7
H 2t 5, b X 2 2= DL PMy.s O B 2875 e i)
TG YR A AR A (PML ) AN 430
A R A A U S i RS
ST R B W ST A, DR T R A BR AR AR A 7 AR AN T
2 (R 5 i U g e K e RN L K IR
Bl 48 i 2 Py s R 71, 5 A A R e,
BT KA PR o8 5 R I 28 R\ 5 25201

AR I T S T A A ] A S A S s R
AR R G A P AL R AR ) LA R MR
IS S BH S, 2 1 ) Hh— SR G e ™= AR
23,3k b SR 4 R Ay 7 T e 2, T i
R IGE BEAF N 2 Bk 4 % 0 2 5 2 i e B
R, 8 11 ) 122 55 W0 7R A, B I TR A A Ak
i 12 200 AR I 2 0 S 280 T L T sk 0 43 A
SEE AN A5 T BOT e 20 B it 5. 3 B0 45 Rk
WY, PR O T R A A0 R ke n A 1, 3 7 1)
AR A K I 7 2 LA R A R T T KA
RADLAIT 5 A I, S e e 20 I 52 JH A i o) S0
TH AN AR 1) B 1) 5 0 25 5300 5 % b % i 4
TR PR AR O TR DRI R S KV ORT B K
ATRFAE S T 52 w8 B A SR R EE AR AL 7 A — 2R
Bl 2,

B AW 5T A v Pk Ty G R S e 1t
SR 53 AT AE R RS BB iR AT 3 A TR A
TINS5 g e L i B At
RN PR AR DL AN 28, B AT 50 T JRc B S
TR0 TR Il X3 J 2 B 3R LA R R
e L7 AT R AIE 5 W AE AR B R T e A
FUAU 78 73 ) JH R A T4 S 30 00 0 Bk, ) e
B 2015 F1 2019 SEAFFFIRR &AM MRS

VS P NGt suR IV N SR AT [ iR atif AL
LRIl 5 Wi AE AN R SE473 (0 22 5 A LAt 1, A 4
G- KA A WRF-Chem [ 7E4k
LI AN IS & BTG QeI AF T R I 2
X R X AR B R L3 A B e (5 i, DL ST
VE JE AT 2 22 1) ) s AL A xe o3 B 1) o
IR I A SR, A S IR e i S 28 v 30 5
JEA G GRERE LA L5 Qe R (1 S LR %,
P e LY G R T TIR T v A R PR I B A BOR
S

1 MR57FE

1.1 S E%R

KOOI B 32 2ok B [R5 R R R
AL T E I S (117°12'E,39°04'N, & 3 &4 5
54517).AZMI sk pii A7 TR T DX 0, ] a4 4
SRR G ERCUE . AR K. K.
KA s B BE SR B et L v A S
K far 2% Kipp&Zonen 2 7] [f] CNR4 i A% kg it
A7 0 b B R AR B8 O CR3000, RAEAIK 4 10Hz.
PMy s < P UL A4 R FH R T AR SR BEEE ] 26 A
23S e A S 110 SIS 0 K s B B B 4
FERE TR AT 1. S (156 L 2 A A I v
X IR B XK e R e 11 5 i AR AN TR 4 1y
(PS4, I 7T IR B Y 2015 A5 2019 HE B M AS
EEERINEEE VNI RAT T
1.2 AFERAEKMIH T

VIRARIIE PR SR e AN N 7'
BRI 7, BT PMys JROBVRE . IR AT
DL S SO0 9% R A Ay S e R 4D ) A ke, B 22 A UL
KT 10km HIXHE AL T 90%, H. PM, 5 Jit ik 8
2L 75ug/m’ i 0N L T S e e R Ll T
22X A P AR AR O R A, AR SR T R R B
(545278 H 3 R(EAB RTINS A] 8:00,14:00,20:00) ] 25 ML



40 A 43 %

MBERR KRR AIER . 2o MPIR I,
M A RAE TR 8:00 A1 14:00) 2z /N T 2 B,
TENIER MR Z s T 3~8 B A ok 2 2351
B R KT 8 Al A R
1.3 R RAEL R EIE
PR RAE IR« RAEK RS AR A3
I, 28 KA Yok i 149 A O 6 S 20 o 55 N S I K B 4
S) 38 12 1) PO AR, 1% LU AR K /N o] DB 922 e A= e
AN 11y 0 WA N E R SR 2 TR OB R VA
FEATC A o B AR FH b e N S O S et 38 s S
(K )55 KA THOR BH A 5 38 B (K| roa) Y EU AL B
Ki
Kl.TOA
T EBROR, JUI AT 5 A i ) 5 W) (B S B )
N RAZ TN SR K P i 55 308 e m] 7 oA

(1

T=

2
Ki,TOA = SO (%OJ sin i (2)

1Sy A RBHHEC 3T oy H bt B R Bk e K
FHIZAT 128 B B0 Ay i [ T, 48 4 B B TR) 1y A D7 A
Woro N HBBERES 7/ ro B EGAE AT 3L TR 2035
FEE R

r 0.9856(DOY —4) 7
—=1-0.1672cos 3)

r 180
ZXH, DOY N5 H 8IE—Fh )P EUE. KB &
B b A X N
sin /1 = sin @sin & + cos ¢ c0s 8 COS @ 4

g AT X I 26 (=39.06°N, B R K<
G 5G BEAE 23 FE);0 K BH 7% 60 A IR .
5=0.006918 —0.399912cos 6, +0.070257 sin 6, —

0.006758 cos 26, +0.000907sin 26, — )
0.002697 cos 36, +0.00148sin 36, (@)
Va
o (22DOY —1) ©)
’ 365
®=15x(LST -12) (7)

CHLST A B 5T X 3 22 B[],
1.4 KA S B REA 56

WRF-Chem #5342 7 52 [ [ 50 A 50 bl
(NCAR)F & [ R AR A5 WREF (1264 EanA T
A 2E AR R S S ke [ i RUOBE AR 46 Kb 23 K
FE B [A)R 25 0] 1S T A 22 AR f R 5 R G B B

158 R B4 WRF-Chem #5207 43 BROFT X I8 4%
ST AR A A SE BT S R A B T2 N
AR5 R A WRF-Chem V3.8 A, <AL
ZHUHIR ] CBMZ 7 &, 08 I A6 24 HL R
MOSAIC 75 %8, KB 5 T7 S RN 4 0 77 SR 38K
H RRTMG 7277 %K H YSU 7 A A A
g s ek Tl A2l AR AT
SO,. NO,. CO. PM,s. PM;o. BC. OC. NH;
VOC i f50 2015 AR, R X BAA A
I HECRTE AT S AR K2 MEIC2015(http://www.
meicmodel.org), 73 HE 5 A 0.25°%0.25°, R X A H
V5 R A HE SO B GEAEIE 2015 4F), 0 HER
g Tkmx 1km.2019 FEAEAUL A R H X LA A K HE
TR ALl S HE K 2% MEIC2019,70 5%l 0.259%
0.25°, R b XA P 5835 3 2 HE AR R AR (v
P 2019 4F). R X Y5 % 1 2 HE ORI o, B ok
BT R T A IAEE o, 12005 e AR Rt X
(1) 22 I 2% /<, o B S LB 90 P A9 B TR Th 1
IR KOT R 0 HE 5 15km, 7K B A% 5
g 121x121,H & 26 % 4 39.0°N,115.0°F, 3 H /7 17
YN 40 JESBWIUEI N S8R R R
1°x1°f¥) NECP AEK P70 Hr #iis FNLABLHLIT ] 53 531)
2015 4F 11 H 24 H~2015 4F 12 H 31 H LA A% 2019
E 11 H 24 H~2019 4 12 H 31 H(#ET 7d 1E R A
spin—up S [A)). 7E L BE A, 2 29 B A0 1 s S 20
o T X S 5 LT PM s W (1) S, A S 3 T
WRF-Chem 5 3 H A5 I i 5 S 15t AL il (aer_ra_
feedback) 1 /2, et T 2 A A AU IR (LR 1,
Hopl AT RWCE I RFF— 50,1 2 4 E U
6 45 1) 25 {H (Case_on—Case_off) HIAC 3R T i i
Ly enaiip- Al

x1 HERBRARKE

Table I Configuration of numerical experiments

R IR AR IR B
= s g ek
Pl Case_on FIFRI R
(aer_ra_ feedback = 1)
TS VRIS R ek
SR Case_off RIS B

(aer_ra_feedback = 0)

RS WRE-Chem B0 B RIS 2 S i
FRPBEAUE g, A SCR F R KL S Z L 2015



134 ST

PR S 2N TGN IS R M [ U 5 AL 5 41

AF 12 FIR1 2019 4 12 1 AR RE DL S XUdE %
I UL A o) A A B AU R A T %) L3R,
HIET RIS PMys WREE 920045 XA 2=
TR R T R R (WL 2). NG i e 45 R
AT DA B A AR R R X S A S R
[PIARAEL &5 SR 55 M 25 L R AH DS Rk 0.67~0.81,—
HIEFRECh 0.81~0.88, & WAL A AT LU A7 A4 H
W BEN G R AR ST PM, s IR JE 5T
BN PMas ¥R 2B 4UL (I 15 S 0 A AH OC R B0k
0.58~0.70,—ELTE R %N 0.76~ 0.81, L4 [ &5 2 1]
WRF-Chem BB S A& R 4T

R2 HAREEREK PMs KERMELIX LA ITRIELER
Table 2  Statistical results of meteorology and PM, 5

concentration validations

LIPS ek
I i) A i SCOLBME  BIME L Akt E N
E3 1 i
Sk 1.8C 0.3°C 0.79 1.9C 0.83

2015 .
12 A 56.0% 56.1% 0.67 12.5%  0.81
R 3.3m/s 3.2m/s 0.76 1.0m/s 0.87
PM,s WK 127.3ug/m’ 126.8ug/m> 058  66.3ug/m®  0.76
il 1.0C -1.0C 0.81 2.7C 0.82

2019 .
12 AR 50.3% 49.6% 0.79 11.1%  0.88
R 3.9m/s 3.4m/s 0.75 1.3m/s 0.84
PM,s W 60.6pg/m® 76.9ug/m> 070  333ug/m’ 0.81

TG K8 WRF-Chem A0S0 MRS 2%
I DA S AR B0 A 40 25 S 1 & B A SORF B T 4T
TF A e A R0 N T i T b T £ 38 2 S 3 A 40
{H 55 W0 WU EL ) 8 VA 56 4 SR T T IR I st AL
J (B Case_on M) i [0 358 4 5 30 RO ABEHUL(EL S5
SLE AR G R 0.79,—EtEFa % 0.83, A A+
T SR Case off /M, FEARULE 15 00
DMEPAH R RECH 0.69,—EU a2 0.68,BIFT <

VR IR 52 Bt AL ) o AR et e R 98 S 30 ) AR AL
PEREAF 2 T 9 B e, L AT A WRF-Chem 55
H AR S L A 2 B S8 BT A B A
BLAN, WRF-Chem #5212 S AL A ASE B
CLAE AR DG P AT T Bl (g I 481 B i
FUARS BB LR & BRI A5 1.

2 HR5WE

2.1 F{GYRIRA =kt KAE I I

R AR 1) K B O JROBURE DA R 2= i kL1
2330 T 50 R 9 A e ) W RS AR 3 B U
J2 32 Tk A B, 10 5 | 38 a2 B T K BH % S 3
(R 952D AN TR) R AT 1R A0F I 8 T8 AR R Ak 7]
DA W55 15 L (RO IR LA % 2 B0 N S K BH 6 8
SHEE P E 1).38 3 RHH T ARRZFENAFER
ARG R 2= HPIR) HEUR 53 8400t 45 3,
T H 2= IS5 GBI R D R I B H G T
T K A= FNE R NH B ERRE, KA
Tk 28 SR I H Sk 7R P AR v T RALC ) AR AR
IX 32 B OKBH & B2 AR 1 H AR A5 RS R K BH A S i
PRARANAT O, H AP DK B v B2 A1 5 R, K BH A e, HL
B I M i 28 3s 1R B AR e L, DRI K A T R AR
A IS Bk 38 g DR T 0 I L R L & S, B TR
I v 52 A1 358/ IN K B 4 3 e 99, HLAE KA h & 1 i
PRI TR LG K A% 0 2R BRI AN 2R 5 AR AURRAIE Sk
LI R A (11:00~13:00) KB RAEH T K
(0.80),%%(0.70)~ £ (0.65)IKX 2,4 ZF /M (0.50),1% F- 2L
T T B 2R IE AR OKBH & B A AR, R A S IR
WIEAN ARG R 2 K TIA T, MEFEZY
2R B SEN I 22), 1T A28 1E A1 K BH v BE A AR L/, HL
SR IR FEE AT v 3 1 7).

R EZN
o8 | @FF. BER MRS | oL bFEE £z — AT
o SRR e 2SS
0.6 0.6 [~
=
B
_L< 0.4 04 [
0.2 02 [
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00
) %1 ) %1



42 A

A 43 %

s b (©KE. WK

0s L @OHFE. 2%

M 0.6 0.6
|
%
l{ 04 04
02 02 F
1 . AW
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00

08 + (e)&F. R

08 F O&F. 2=

% 0.6 | 0.6
hiaa)
%
x 04 04
02 t ) 02 |
] ) |- ]
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00

%l

%l

1 AR RGN FiT5 0 R UE L (o) H AL ) 52 1)

Fig.1 Influence of haze pollution on the diurnal variation of atmospheric transmissivity (z) under different weather conditions in

different seasons
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Table 3 Day numbers of different meteorological conditions

(clear, cloudy and overcast days) in different seasons (spring,
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Fig.2 Monthly mean diurnal variation of atmospheric transmissivity (7) under different weather conditions
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height over Tianjin with and without considering the
aerosol radiation effect
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