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Introduction

« To our knowledge, haze is traditionally an atmospheric
phenomenon where dust, smoke and other dry particles

obscure the clarity of the sky, let visibility reduced to 10km
below.

 Studies have indicated that haze weather are significantly
related to climate background, local weather conditions,
pollutant concentrations and its composition distribution.
(Chang et al.,2009; Zhang et al.,2012; Liu et al.,2014; Wu et
al.,2016; Yang et al.,2010; Huang et al.,2011)



Introduction

* Numerical simulation is an important method for the prediction
and research of haze days and WRF/CMAQ is the most common
numerical model. WRF/CMAQ is one of the most common
numerical model. In China, CMAQ also has some of the related
research, such as the emission reduction of air quality in Beijing
(Xing et al.,2011; Lee et al., 2015).

» This paper evaluates the accuracy of the WRF / CMAQ numerical
model for the 18-month haze simulation of Jiangsu Province from
October 2014 to March 2016, and explores the possible causes of
Inaccuracies in haze forecast.



Data and Method
e Time: Oct 1st,2014 to Mar 31th,2016:
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Fig.1 Two nested modeling domains(Meteorological stations are black spots,
environment monitor stations are red spots).



Table. 1 Parameter settings

. coman
Oct 15,2014 to Mar 311, 2016
Fni(1® x1° )
33.0° N, 119.0°E
28 levels
WRF: 180 x 150 WRF: 150 x 150
CMAQ: 160 x 130 CMAQ: 130 x 130
15km 5km
Lin etal. scheme
Goddard shortwave
sf_surface_physics Noah Land Surface Model
The horizontal advection
and vertical convection PPM
The vertical diffusion Crank-Nicholson
Chemical mechanism CBO05(CB05-AE6-AQ)

Emissions plume Smoke



e Method :

Atmospheric visibility is not a direct predictor of the pattern

and needs to be diagnosed based on model predictions. Calculation
of Atmospheric Visibility based on Koschmieder law.

_ 391
VR /Bt

VR 1s the visibility; B 1s the overall extinction coefficient, which
Includes particle scattering extinction and absorption extinction,
gas molecules scattered extinction and absorption extinction.



The method is explained by the American IMPROVE study
program proposed by Malm et al. (1994), taking into account
particulate matter extinction and extinction.

1
Beoxt [E] = 3 x f(rh) x [(NH,),SO, + NH,NO] + 4 X f(rh) x [POM] + 10[LAC]
+1[fine soil] + 0.6[coarse mass] + 10

(NH4)ZSO4=1.37[SO42_]; NH4N03=1.29[N03_]; POM=14[OC], LAC:EC,
fine soil =2.2 [Al]+2.49 [Si]+1.63 [Ca]+2.42[Fe]+1.94][Ti] ;coarse
mass=PM,,-PM, <;

The visibility calculated from the aerosol extinction
coefficient obtained in the model is denoted as the
parameterization scheme A(referred to as scheme A).



It is known from the present study that the contribution of
[fine soil] and [coarse mass] to the aerosol extinction
coefficient Bext i1s small, and NO2 has the effect of light
absorption ,Tao(2012) corrected formula and new visibility
parameterization scheme is referred to as Scheme B.

Boxt [%] = 3 x f(rh) % [(NH,),SO, + NH,NO;] + 4 x f(rh) x 1.4[0C]
+10[EC] + 161[NO,]

Table. 2 f(rh) values under different relative humidity conditions
m 1.22 1.27 1.33 1.38 1.45
70%-75% 75%-80% 80%-85% 85%-90% >90%
“ 1.65 1.83 2.1 2.46 3.17




Results
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Fig. 2 Observations
(blue) and
simulations (red) of
relative humidity
boxplot at 13 cites in
Jiangsu Province.

Fig. 3 Monthly
variation of relative
humidity in

Jiangsu Province.
(The histogram is the
simulated value;

the solid dot is the
observed value)



wind speed(m-s-1)
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Windspeed (m/s)



Table.3 Statistical characteristics of relative humidity and wind speed

- relative humidity (%) wind speed(m-s-1)
City

AVE _obs AVE_sim RMSE AVE _obs AVE_sim RMSE

74 70 055 131 309 | 280 070 122
72 70 057 133 203 28 075 117
N 73 71 057 128 203 271 074 114
75 74 056 129 166 316 064 134
PN 73 72 055 130 210 303 072 122
M 73 69 053 134 200 289 076 119
M 73 68 053 137 211 300 074 119
HiE (S 71 042 128 210 308 065 125
73 68 055 141 202 319 070  1.33
74 67 055 143 222 304 068 123
e 69 62 048 153 162 277 067 123
in 69 64 052 152 187 299 069 127
Er 65 055 152 223 284 058 124
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PM2.5 (pg:m-3)

RMSE
37.8
34.8
36.4
34.9
33.2
33.2
34.6
35.0
35.1
34.7
35.7
34.5
37.2

Table.4 Statistical
characteristics of PM2.5

Province.

AVE_obs AVE_sim R
25 62 85 0.34
63 70 0.30
T 64 78 0.33
65 80 0.36
61 70 0.35
M 56 64 0.33
=M 66 57 0.33
Bt 59 52 0.35
64 55 0.36
56 43 0.33
AN 67 68 0.35
/i 64 54 0.28
EnH 59 43 0.40
200
Fig. 6 Observations (blue) and 2150 I
simulations (red) of PM2.5 <
boxplot at 13 cites in Jiangsu 2100
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visibility(Km)
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Fig. 7a Observations (black lines) and simulations (scheme A is blue lines; scheme B
is red lines) of relative humidity at 13 cites in Jiangsu Province
from Oct 2014 to Mar 2016.



)

visibility(K

35 | I | I ‘ 1 | I | T 1 | 1 | 1 l
| A | | “ | I | l
22 1 | j . . \ { | |
2 IHH A4 n N e MR A W AU all
35- | I | I | 1 | I | T | 1 | 1 | I T -
i ‘
L 20 A ) . Al A b
é’% ih\L*‘ 1 lr\‘ \ A y lf )* ', ’\ i LA YT .
35F ] I ] I ] 1 ] I ] I ] 1 ] 1 ] I I -
o | | A ko Al W, b
i 5 v \ A y 2|y l\r oy ', r\ i /o, B\
_35F | I | | | 1 | I | T | | 1 | 1 ] I T -
:520- 1 l' i | ! | .
4—\. . A . \ lk \ A N ) i_. /
Y \ g NUWY J\4NW vy ‘““" " \*'A*Q;&yﬁ RN N W L
35F | I | I | 1 | I | 1 | 1 | I T -
H&zo | L \ J ‘ 1‘\ h | ) |
. \ ' : N o A
< -{M"tk M LA, WA LA -‘w il« Pon Jbv W AR R RN W A
025 | I | I | 1 | | | 1 | I T -
ool [ | u WA S } l il '
| \ \ i TNy " \ 1 ll ¥ ‘ i : | \L A
4.4,-_2 lAlL\k LAY \ ‘j“_ 'l‘\. " ' i 'Il'lv ‘lw & .‘ -ku A A h\} \ AU ‘\"HLINI,‘J IV "*.L

1 32 62 93 124 152 183 213 244 274 305 336 366 397 427 458 489 518 548

Fig. 7b Observations (black lines) and simulations (scheme A is blue lines; scheme B
is red lines) of relative humidity at 13 cites in Jiangsu Province
from Oct 2014 to Mar 2016.



Table.5 Statistical characteristics of different visibility parameterization schemes

|
| AVEobs  AVE_sim R RvMSE [ AVE_obs  AVE_sim R RMSE
7 5.4 7.5 0.60 4.3 5.4 6.6 0.62 3.3
6.7 7.8 0.61 4.8 6.7 7.1 0.63 3.9
I 60 8.5 0.63 5.1 6.0 6.6 0.66 3.7
5.6 7.1 0.65 3.7 5.6 6.8 0.64 3.2
BT 8.2 0.63 4.6 7.1 7.5 0.63 4.1
B 63 8.3 0.64 4.8 6.3 7.7 0.65 4.1
TN 63 9.0 0.61 5.2 6.8 8.6 0.61 4.6
8.0 13.0 0.59 8.3 8.0 11.6 0.60 6.6
7.6 10.4 0.64 6.5 7.6 9.4 0.67 5.2
6.6 12.9 0.58 8.0 6.6 12.1 0.61 6.8
B 57 9.3 0.73 5.1 5.7 8.2 0.74 4.0
6.5 10.8 0.60 14.2 6.5 9.8 0.65 5.0
6.7 12.4 0.63 7.6 6.7 11.3 0.65 6.1
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Fig. 8 Relative humidity segmentation of simulation in Nanjing.
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Table. 6 The statistics of haze days (the total period of 548 days)

I B e E R P S
321 338 329 301 308 302 249 277 292 371 326 290

367 373 373 343 355 331 235 304 233 370 315 264
Table. 7 The different levels of haze days (the total period of 548 days)

5.0<V<<10.0 3.0sV<<5.0 2.0sV<<3.0 V<2.0

(km)
- Obs Sim Obs Sim Obs Sim Obs Sim
218 277 138 156 90 36 43 6
221 279 140 137 55 31 26 6
224 293 147 118 62 25 33 5
218 281 148 150 76 33 39 8
234 285 124 118 53 22 21 8
220 266 145 128 63 25 27 5
233 264 143 104 43 21 20 4
239 210 106 71 34 8 10 2

R 207 249 121 90 56 12 27 5
273 210 114 62 48 12 20 4
- 207 271 150 109 68 18 58 4
244 258 132 76 48 15 21 3
- 221 220 135 76 42 9 32 6



Conclusion & Discussion

1) The WRF/CMAQ simulation showed coincidence with
observation in relative humidity and PM, :. The average error is
2-5km between atmospheric visibility simulation values and
observation values. In coastal and offshore cities, the simulated
visibility is much greater than the observed, and root mean square
error exceeds 10km.

2) With aerosol extinction coefficient obtained from IMPROVE
program, visibility that calculated from parameterization scheme
A 1s much larger than the observed value when the visibility of
the visibility is much larger than 10 km. Given the effects of NO2
absorbance, visibility calculated from parameterization scheme B
had a lower relative error compared to scheme A.



Conclusion & Discussion

3) Simulated haze days is far less than observed and the
difference is within 60 days in Jiangsu area. The largest error
of visibility can reach 10km and mostly happened in eastern
coastal cities like Yancheng and Lianyungang which existed
high simulated peaks. Simulated haze days in those cities are
much less than observed days with an error of 30-60 days.

4) Preliminary discussions on possible causes of differences
between observed and simulated atmospheric visibility are
described in this paper. Relative humidity plays a crucial role
In visibility prediction. Low proportions of EC and OC,
underestimated water-soluble ions, underestimated relative
humidity, large wind speed and so on caused low simulated
values of aerosol extinction coefficient in some regions.



Thank you !
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