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Abstract: Until recently few study about sources of haze and eval uation of emission control
measures over Pearl River Delta (PRD) in China could be found but that is very important to the
control of haze. So the WRF-CMAQ model was adopted to simulate the haze pollution of
Zhongshan in January 2014 t o study the haze sources of Zhongshan. The model could simulate the
variation of PM 5 concentration and visibility in Zhongshan well. When there was no cold front,
weak cold front or strong cold front affected, the contribution ratios of local sources in Zhongshan
were 58%, 34% ,28%; sources of other citiesin PRD were 27%, 42%, 23%; and 13%, 21%, 45%
for the sources outside Guangdong Province, respectively. Among the major components of
aerosol, local emission sources in Zhongshan contributed most to the nitrates, whereas emission
sources outsi de Guangdong contributed most to other substances. According to the emission
control tests, PM, s concentration was reduced by 47%, 52% and 58%, respectively, on the first,
second and third day after turning off the emission sources of the whole Zhongshan region under
stable weather conditions, and reduced by 24%, 22% and 15%, respectively, in the high pollution
peak by turning off industrial, residential and transportation sources.

Keywor ds: WRF-CMAQ, Haze, Contribution ratio, Emission control tests

1. Introduction

Haze is a common atmospheric turbidity phenomenon known as “Dust-haze” [1],
inwhich alarge amount of ultrafine dry dust particles are uniformly suspended in the
air, causing horizontal visibility less than 10km. Along with the rapid development of
the economy and massive emissions of atmospheric pollutants, haze is tending to
become more and more intense in urban agglomerations throughout Ching[2], and its
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hazard to manufacture, transportation and human health has already aroused extensive
attention[3-4]. Haze is principally caused by the powder and the sulfur dioxide
emitted by the combustion of fossil fuels, as well as the huge amount of nitric oxides
and volatile organic compounds emitted by automobile; all these substances, through
chemical reactions, generate the secondary aerosols that lead to atmospheric
turbidity[5]. The study of haze can be further summarized as the study of atmospheric
aerovisto agreat extent.

As one of the three principal urban agglomerations in China, the PRD (Pearl
River Delta) agglomeration is inevitably accompanied by increasingly deteriorating
air quality as its economy rapidly develops. Research on haze phenomena have
already aroused the highest level of attention of the Chinese government and
masseq[6-10]. Lots of scholars, based on huge observational data, focused on studying
the composition of the haze, its weather characteristics and meteorological
effectg 11-14]. As computer technology has developed, numerical model has become
an important tool[15] of conducting atmospheric environmental research. For example,
the Hysplit trajectory model is mostly used to study the trajectory of airflow affect
certain areag 16-17]. And the CMAQ model, well known as a numerical tool for
environment researching, is often adopted to study pollution events happened over
Ching[18-19]. Currently, quite a number of studies on the basis of numerical models
are focused on the occurrence, evolution and influence of individual instances in the
atmospheric pollution process[ 20-22]; however, few focus on the sources of
atmospheric aerosols in the PRD region and the contribution ratio of emission sources
in various regions under different weather conditions. Nevertheless, researches on
these aspects are significant to the control of haze, and must be urgently undertaken.

Zhongshan City, as an important part of PRD, has also been affected by the
frequent haze pollution in recent years. In 2014, the Zhongshan government invested
in 10 projects to improve people's living; one project of which, known as haze
forecast, prevention and control, aimed to greatly improve the local air quality.
Accordingly, the study on the characteristics of haze in Zhongshan is especially
important. A hazy day is defined as a day in which the average visibility is less than
10km and the average relative humidity is 90% or lower[23]. In January 2014, there
were 16 hazy days and the haze pollution in this month was the most significant of the
year. Currently there are a few of studies on the haze pollution happened in Chinain
January 2014[24-25], but this paper mainly focused on PRD. By taking advantage of
the observational meteorological and environmental data, and then integrate the data
with the WRF-CMAQ model, a simulation analysis was performed about haze
pollution in January 2014 over Zhongshan so as to study the contribution of emission
sources from different areas to the PM» 5 concentration and evaluate the emission
control measures of local Zhongshan. The study results were aimed to be references
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for haze control for the government.

2. Research methods
2.1 Brief introduction and setting of the numerical model

This paper adopted the WRF-CMAQ model, which was used in a lot of
numerical studies on air pollution events26-27], to perform numerical simulation
(using WRFv3.3 and CMAQV5.0) and the NCEP fnl reanalysis data as the initial field
in the WRF model, which provided detailed meteorological data for CMAQ.
Simulation tests adopted a two-way nested method. As was shown in Table 1 and
Figure 1, the exterior grids of the atmospheric chemistry transport model covered
most regions of China, whereas the interior grids covered the whole of Guangdong
Province. The location of cities in PRD was showed in Figure 1 too. In this study, the
simulation period was from 08:00 LST (local standard time) 25 Dec. 2013 to 08:00
LST 01 Feb. 2014, and the days before 08:00 LST 01 Jan. 2014 were for model

spin-up.

Table 1. Setting of the simulation test zone.

Regions under simulation Number of grid points Grid space(km)

WRF Model Domain_1 283x184 27
CMAQ Model Domain_1 182x138 27
WRF Model Domain_2 233x163 9
CMAQ Model Domain_2 98x74 9

Model Domain Setting
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Figure 1. Model’s domain setting and different parts of emission sources (in the left
picture, the black solid line represented the WRF model; the dotted blue line
represented the CMAQ model; the right picture showed different parts of emission
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sources in sensitivity tests and details would be given in Section2.2). (Cities of PRD
in the right picture: Zhongshan(ZS), Guangzhou(GZ), Foshan(FS), Jiangmen(JM),
Zhuhai(ZH), Dongguan(DG), Shenzhen(S2)).

Community Multi-scale Air Quality (CMAQ), representing the latest research
results for the current mainstream atmospheric environment and transmission,
diffusion and sedimentation of pollutants, is a multi-scale Euler air quality model. It
can simulate the physical and chemical process of multiple pollutants in the
atmosphere, including ozone, aerosol and various pollutant gases. The CMAQ model
must be driven by the results of meteorological models and the emission source data
varying with time and space. It comprehensively considers the meteorological and
chemical process of the gaseous and liquid phases, heterogeneous chemical processes,
the aerosol process and the dry-wet deposition process, and thence can better smulate
the contribution of various aerosols to light extinction and atmospheric visibility, as
well as the occurrence, duration and disappearance of haze phenomena.

As an important, integral part of the air quality model, emission sources affect
simulation accuracy. Many scholars contributed to the development of the emission
inventory [28-29]. The emission source data adopted by this paper came from the
2010 MEIC (Multi-resolution Emission Inventory for China) developed by Tsinghua
University, where the spatial resolution was 0.25° X 0.25°. The MEIC divided
emission sources into five categories, i.e.: power plants, industry, agriculture,
transportation and resident, covering the monthly emissions30] of pollutant gases
such as SO,, NOx, CO and NHs, aerosol such as PM, 5 and PM 1, as well as black
carbon, organic carbon and other substances. Figure 2 showed the annual emission of
NO2, NO, SO2 and CO of Guangdong province from the MEIC dataset. It could find
that the PRD region, especially Guangzhou, Foshan and Shenzhen are regions with
the most concentrated pollutant emissions, discharging more than 500 X 10°mol of CO.
NO, and 100X 10°mol of SO,. NO, per year. Also the temporal variations of the
MEIC dataset were set by referring to the study of Zheng[31]. By processing the
emission source data and entering the results into the atmospheric chemistry transport
model, emission source data with time-varying and identical spatial resolution could
be provided for the CMAQ model.
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Figure 2. Annual emission of NO, (a), NO (b), SO, (c) and CO (d) of Guangdong
Province from MEIC dataset (Unit:x10°mol/year).

2.2 Senditivity testsand contribution ratio calculation

In order to survey the influence of emission sources inside and outside
Zhongshan to the local haze pollution, the paper used the WRF-CMAQ model to
perform sensitivity tests and study the contribution of emission sources from different
regions to the PM, s concentration in Zhongshan. The principal test consideration was
as follows:. divide emission sources into different parts, turn off the emission sources
from a certain region, and then compare the simulation results before and after
emission shielding, at last calculate the contribution ratio of the emission sources of
this region to the local PM25 in Zhongshan. The research method was proved to be
effective in some studies on the air quality during 2008 Beijing Olympic
Game[32-33]. The specific test schemes and different parts of emission sources were
shown in Figure 1 and Table 2(emission sources outside Guangdong Province were
not showed here). Among the tests, Test_ctr, as the control test, represented the
benchmark conditions of emission sources; in Test_zs the local emission sources of
Zhongshan were turned off; in Test_prd the emission sources of other cities in the
PRD region were turned off so as to evaluate the influence of emission sources from
surrounding regions on Zhongshan; in Test_ gd the emission sources outside
Guangdong Province were turned off. By excluding the influences from local
Zhongshan, the PRD and those from outside Guangdong, the remaining influences
were from other parts of Guangdong (see Figure 1). The contribution ratio of emission
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sources of various regions could be calculated by the following formula:

Cx=Cetr-Cxo Q)

Px=Cy/Cctr (2
where C; and Py represented the concentration change before and after emission
sources were turned off in the region x and the contribution ratio of emission sources
of region x to the local atmospheric pollution of Zhongshan, respectively; Cq and Cyo
represented the PM» 5 concentration of Zhongshan under the benchmark condition and
the condition that the emissions from the region x were set to zero, respectively.

Table 2.Simulation scheme of sensitivity tests.

Test name Emission sourceto Test name Emission source to
be turned off be turned off
Test_ctr None Test_zs Zhongshan

Test prd PRD (excluding Zhongshan) Test gd Outside Guangdong

3. Control test results
3.1 Evaluation of meteorological smulation results

The simulation accuracy of the air quality model depends on the simulation
results of the meteorological field to a large extent; therefore the WRF model
simulation results should be first evaluated. The observational data used in this paper
are from Zhongshan Meteorological Service(113.35° E, 22.53° N). In January 2014,
Zhongshan was frequently affected by cold front but there was no significant
precipitation in the whole month. Among the 16 hazy days in January, 12 of them
were caused by cold front and the remaining 4 hazy days were happened under stable
weather condition with low wind speed and stable atmospheric stratification. Figure 3
showed the daily average 2m temperature, daily average relative humidity, 24-hour
pressure variation, daily average wind speed and daily maximum frequency wind
direction simulated by the WRF model, as well as the observational data. It was find
that the simulation elements were close to the observations. The simulated 2m
temperature was slightly higher than the actual temperature but the temporal variation
fits the actual data well. The relative humidity was a little lower than the actual
conditions, and the 24-hour pressure variation, which can represent the movement of
the cold front, was basically equal to the actual conditions. From the variations of
temperature and pressure we could know that there were six cooling periods in
Zhongshan caused by cold front, namely 3-5, 8-9, 12-13, 18-19, 21-22 and 26-27
January. The simulated wind speed was stronger than the observational data,
especially in the days affected by cold front (eg. 8, 18 and 21 January), but the
tendency of the daily variation also fit the actual data well. From the comparison of
the wind direction we could found that in January 2014 Zhongshan was dominated by
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northerly, northeasterly and southeasterly wind, and the WRF model gave an excellent
performance on wind direction in most of the time. Such results revealed that the
WRF model obtained an accurate simulation of the weather conditions in January
2014. Therefore the simulation results of the meteorological model were reliable and
could provide accurate and detailed meteorological field data for the CMAQ model.
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Figure 3 Comparison of simulated 2m temperature (a), relative humidity (b), 24-hour
pressure variation(c), wind speed (d) and wind direction (€) with observational data.

3.2 Evaluation of CMAQ model results

Figure 4 is the comparison between the simulated PM,5s concentration and
visibility in Zhongshan in January 2014 and the observational data. In general the
model could accurately simulate the temporal variation of PMjs concentration;
however the emission sources in the model could not completely illustrate the actual
discharge of air pollutants, besides simulation errors existed in the results of the WRF
model, so during certain time periods the CMAQ simulation deviated. When there
was no cold front affected, wind speed under the meteorological model simulation
was generally stronger than observation, so the simulated PM, 5 concentration was
usually lower than the actual data, for instance on 5 and 23 January. When strong cold
front moved southward, it transferred a large amount of air pollutants to the
downwind areas. If the cold front is strong enough, the pollutants can reach a longer
distance. So the weak simulation of cold front (simulated 24-hour pressure variation
weaker than actual conditions) may result in the weak advection transfer of
extraneous pollutants, and further reduce simulation concentration, for instance on 12
January. Due to the fact that it was approaching the lunar New Year (Chinese New
Year) from 28 to the 31 January, pollutant emissions were obviously less than the
usual. However, the emission sources adopted by the model did not consider such
factors, causing an obvious difference between the actual pollutant emission and the
model simulation. Besides stable weather conditions were available without cold front
affected during these days, leading to a higher simulation concentration than the
observation. But a PM2.5 concentration peak appeared at about 08:00 on 31 January
for the burning of firecrackers, which is usual during the Chinese New Year, and the
model failed to capture this variation. On the aspect of visibility simulation, the model
could basically simulate the variation tendency. However, as was mentioned above,
when no cold front affected, the PM,s concentration from the model is usually lower
than the observational data, causing higher simulated visibility than the actual one.
But from 28 to 31 January the simulated visibility is lower than the observation
because the simulated PM,5s concentration is overestimated. The difference was
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mostly obvious when the actual or the simulated visibility reached their peak values.
Since the simulated PM,s concentration was lower than the actual conditions in
general, the simulated visibility was higher than the actual conditions most of the

time.
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Figure 4. Comparison of simulated PM, s concentration (a) and visibility (b) with
observational data (the discontinuities showed missing values).

Table 3 showed the simulation error of PM25 concentration and visibility from
CMAQ model. Statistical metrics including average absolute bias (MB), average
absolute error (ME), average root mean square error (RMSE), average normal
deviation (MNB) and normal average deviation (NMB). The calculation methods
were defined as follows:

MB = %Z?:l(sl'm(i) — 0bs(1)) (1)
ME = ¥, |Sim(i) — Obs(i)| @)
RMSE = [~ X, (Sim(i) — Obs(i))?]'/? &)
MNB = -3, () (4
NMEB = Siea(Sim ()-0bs (1) 5

i1 0bs (D)
where Sim and Obs represented simulated and observed values, respectively. From
the table it could see that the PM25 concentration from the model is lower than the
observation, while the simulated visibility is a little overestimated. But in general the
differences between simulation and observation were not evident, which indicated
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that the simulation results were reliable.

Table 3. Simulation error of PM» 5 concentration and visibility with CMAQ model.

MB ME RMSE MNB NMB
PM- s Concertration -13 32 29 -4% -21%
Visibility 0.8 49 5.6 8% 20%

4. Senditivity analysis
4.1 Analysis of contribution ratio

Figure 5a showed the spatial distribution of average monthly PM,s concentration
simulated by CMAQ. A relatively high PM s polluted area was found in the middle of
Foshan, where the average PM 5 concentration exceeded 60pg/m®. PM2s
concentration in the northwest of Zhongshan was 50-55ug/m®, while only 35-40pg/m®
in the southern part, indicating that the PM, s concentration from northwestern to
southeastern of Zhongshan was gradually reduced. Figure 5b was the contribution
ratio of emission sources of local Zhongshan. The contribution ratio reached 45% in
the northwest of Zhongshan but reduced to 30-35% in the southern area. A part of
areas of Jiangmen and Zhuhai, which located in the downwind direction of
Zhongshan, were also affected by the emission sources of Zhongshan and the
contribution ratio was 20-25%. Figure 5c gave the contribution ratio of emission
sources of other citiesin PRD. Evidently the contribution ratio in the middle and
southeast of Foshan exceeded 60%. Contribution ratio in southern Guangzhou,
western Dongguan and Shenzhen, and eastern Jiangmen also reached 50% or more.
These parts of emission sources contributed 35-45% PM s in northern and 25-30% in
southern Zhongshan. The emission sources outside Guangdong Province were very
important to the entire areas of the PRD (Figure 5d). These parts of emission sources
contributed relatively less nearby the southeast of Foshan, but the contribution ratio
gradually increased in other parts of PRD. To Zhongshan, emission sources outside
Guangdong contributed about 25% in the northern part but the contribution ratio
increased to 35-40% in southern Zhongshan. From the discussion above it could find
that emission sources of local Zhongshan, other cities in PRD and outside Guangdong
Province were all very important to the PM s of Zhongshan.
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Figure 5. Space distribution of simulated monthly average PM, s concentration (a) and
the contribution ratio of emission sources of Zhongshan (b), PRD (c) and emission
sources outside Guangdong (d).

By summarizing test results and selecting haze pollution processes generated
under different weather conditions, the contribution ratio of every region to the PM;s
concentration of Zhongshan under different weather situations could be obtained (see
Figure 6). When there was no cold front affected, haze pollution was mostly caused
by low wind speed and stable atmospheric stratification. Such weather condition was
not beneficial for the long-distance transfer of air pollutants; so the contribution ratio
of local emission sources of Zhongshan was the highest (58%), and contribution ratio
of emission sources of other nearby cities in the PRD region and emission outside
Guangdong were 27% and 13%, respectively. When strong cold front went
southwards and affected Zhongshan, a large amount of non-local pollutants from
regions beyond Guangdong Province were transferred to the PRD region along with
the cold front, causing the contribution ratio of emission sources outside Guangdong
Province to hugely increase (45% in this case), following by that of local emission
sources of Zhongshan (28%) and emission sources of other cities in PRD (23%).
When weak cold front was available, it could enhance the horizontal transfer of
pollutants to a certain extent, but such transfer was mainly dominated by the
short-distance transfer so the contribution ratio of emission sources of other cities in
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PRD to Zhongshan was highest (42%), following by that of local emission sources of
Zhongshan (34%), and the contribution ratio of emission sources outside Guangdong
Province was also increased when compared to no cold front case, 21% at this time.

Qutside GD Others
13%_ 2%

Others
4% _

Outside 6D
5%

Figure 6. Contribution ratio of emission sources of various regions under different
weather conditions to PM3 s concentration of Zhongshan (a: no cold front; b: strong
cold front; c: weak cold front).

From the results above it could be found that under different weather conditions,
emission sources in every region contributed differently to the haze pollution of
Zhongshan; emission sources of local Zhongshan and surrounding cities dominated
when there was no cold front and only weak cold front available; however emission
sources outside Guangdong Province contributed maximally when there was strong
cold front affected. Additionally, the simulated wind speed was higher than actual
conditions, especially when cold front affected, which might overestimate the
cross-region transfer of air pollutants to some extent, and might weaken the pollution
generated in the low wind speed cases. Therefore, the model results might
overestimate the contribution ratio of non-local emission sources, but underestimate
the local one.

As was showed in Table 4, it could be seen that the local PM, 5 concentration of
Zhongshan decreased and the visibility increased after turning off emission sources of
certain regions. When no cold front was available and the local emission sources of
Zhongshan were turned off, the visibility was most significantly improved by up to
90%; when weak cold front was available and the emission sources of other cities in
PRD were turned off, the visibility was improved by 76%; when strong cold front was
affecting and the emission sources outside Guangdong Province were turned off, the
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visibility was improved by 84%. The visibility did not increase in a linear way as the
PM,5 concentration decreased; the percentage of increment of visibility might be
egual to the decrement of PM, 5 concentration when PM, s decreased in a low level,
but might be far higher than the decrement of PM,s concentration when PM;s

decreased grezatly.

Table 4. Variation of PM 5 concentration and visibility in sensitivity tests.

Weather conditions No cold front

Weak cold front

Strong cold front

Test content

Turn off emission sources of Zhongshan

PM 5 decrement (%)
Visibility increment (%)

28
30

Test content

Turn off emission sources of other citiesin PRD

PM 5 decrement (%)
Visibility increment (%)

23
27

Test content

Turn off emission sources outside Guangdong

PM 5 decrement (%)
Visibility increment (%)

45
84
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Figure 7. Schematic Diagram for transfer of PM 5 by cold front (vector for 10m wind
field; shade for PM, 5 concentration) (a: 01-08 08:00; b: 01-08 17:00; c: 01-08 23:00;

d: 01-09 17:00).

According to the analysis above, it could be seen that emission sources outside


jianping.huang
Highlight

jianping.huang
Highlight

jianping.huang
Highlight


349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387

Guangdong Province contributed maximally to the local PM, s concentration of
Zhongshan when strong cold front affected. Figure 7 showed the transfer process of
PM s occurring on 8-9 January. From the figure it could be found that the highest
PM 5 concentration was located in Hunan Province on 8 January; as the cold front
moved southwards, the aerosols were transferred southwards accordingly, and the
PM s concentration in northern Guangdong increased significantly. On the night of 8
January, alarge amount of aerosols were transferred to the PRD region and the whole
western Guangdong by the cold front. By the afternoon of 9 January, the PM, s
concentration in the PRD region was significantly decreased. Meanwhile, due to the
diffusion, sedimentation and aging, PM s concentration might decrease to some
extent when pollutants were transferred southwards. In other cold front processes,
similar transfer was also available; certainly and apparently, air pollutants outside
Guangdong Province might cause alarger influence on the local haze weather over
Zhongshan in winter with frequent cold front.
4.2 Analysis of the contribution ratio of emission sourcesin different regionsto
the primary composition of aerosolsin Zhongshan

Sulfate, nitrate, ammonium salt, organic carbon and elemental carbon are the
main components of atmospheric aerosols. Table 5 showed the contribution ratio of
emission sources in different regions to the primary composition of atmospheric
aerosols in Zhongshan in January 2014. The sulfate in the atmosphere of Zhongshan
was mainly provided by emission sources outside Guangdong (56%), followed by that
of emission sources in other PRD cities (25%) and local emission sourcesin
Zhongshan (15%). Sulfate is mainly from various chemical reactions of SO,
generated and discharged by large power plants and industries, however there is few
large power plants or large industrial sources in Zhongshan, so non-local sources
accounted for a high percentage. As for nitrate, NOy discharged by motor vehicles and
small and medium industries is the main precursor of nitrate, and nitrate easily
volatilizes, making transfer difficult over long distances; therefore local emission
sources of Zhongshan contributed the most (68%), and the contribution from emission
sources in the other three regions was basically the same (10% approximately).
Ammonium salt comes mainly from agricultural discharge. The emission sources
inside Zhongshan and outside Guangdong contributed 36% and 39%, respectively, to
ammonium salt, while the emission sources in other PRD cities contributed only 17%.
As for organic carbon and elemental carbon, the emission sources outside Guangdong
contributed the most (51% and 45%), followed by the local emission sourcesin
Zhongshan (32% and 31%), and finally the emission sources in other PRD regions (11%
and 19%). Obviously, the contribution of emission sourcesin various regionsto the
primary composition of aerosols isrelated to the industrial structure.
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Table 5. Contribution ratio of emission sources in various regionsto primary
composition of atmospheric aerosol of Zhongshan.

Composition of aerosols  Zhongshan(%o) PRD (%) OutsdeGD(%)  Others(%)

Sulfate 15 25 56 4
Nitrate 68 12 10 10
Ammonium salt 36 17 39 8
Organic carbon 32 11 51 6
Element carbon 31 19 45 5

4.3 Emission control analysis

This paper studied the impacts of various emission sources and emission control
measures of Zhongshan on local PM ;s concentration and visibility. According to the
analysis above, when strong cold front was affecting, the emission sources outside
Guangdong contributed maximally to the local PM s concentration of Zhongshan.
Under such weather conditions, emission control measures might not work perfectly.
When there was no cold front, low wind speed and stable atmospheric stratification
were available, the contribution of local emission sources in Zhongshan increased
greatly; therefore the emission control analysis in this study was performed under
such weather conditions. According to the specific emissions reduction plan, the
emission sources of Zhongshan were firstly turned off so as to observe the change in
PM s concentration and visibility within 1-3 days after emission control were taken;
and next, industrial, residential and transportation sources within the emission sources
were respectively turned off to evaluate the impacts of different emission sourceson
PM s concentration and visibility.

Table 6. Variation of PM» 5 concentration and visibility after turning off local emission
sources of Zhongshan.

PM 5 concentration decrement (%) Visibility increment (%)

1% day 47 57
2" day 52 63
3 day 58 90

According to Table 6, when under stable weather conditions, PM, 5 concentration
decreased by 47%, 52% and 58% on the first, second and third day respectively after
turning off the local emission sources of Zhongshan; emission control efficiency
apparently increased with the lapse of time. Corresponding to the increasing reduction
of PM25 concentration, local visibility improved by 57%, 63% and 90% respectively
on the first, second and third day. By the way, all results shown in Table 6 were
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obtained in ideal conditions of turning off emission sources for the whole Zhongshan
region. However, it isimpossible to create such conditions when making actual
emission control measures, but emission control can only be made for partial emission
sources; therefore emission control was suggested to be implemented 2-3 days before
hazy days to reduce PM, 5 by 50%.

Industrial, residential and transportation sources contributed significantly to local
PM 5 concentration; so those three parts of emission sources in Zhongshan were
turned off so asto observe the variation of PM2 s concentration and visibility during
high pollution periods (average value of 5 hours before and after PM 5 concentration
reached peak value was used here); such high pollution periods occurred on the third
day after emission control started. It could be seen from Table 7 that the emission
sources which contributed the most to PM» 5 concentration during the time period
were industrial sources, and then residential and transportation sources. By turning off
these three parts of emission sources, PM, s concentration was reduced by 24%, 22%
and 15%, and the visibility increased by 26%, 21% and 16%, respectively. Therefore,
in conditions without an influence from a significant weather system, the government
could consider emission control measures from the perspectives of industrial,
residential and transportation sources, for instance, restricting industrial production
and reducing emissions of high pollution enterprises, adopting odd-and-even license
plate regulations for motor vehicles, promoting a green lifestyle and reducing energy
consumption so asto obtain an ideal effect.

Table 7. Variation of PM3 5 concentration and visibility during high pollution periods
after turning off industrial, residential and transportation sources of Zhongshan.

Sources to be turned off PM, s decrement (%)  Visibility increment (%)
Industrial sources 24 26
Residential sources 22 21

Transportation sources 15 16

5. Conclusions

Research about the sources of haze pollution and evaluation on the emission
control measures are important to the control of haze, but few study about that over
PRD can be found until recently. So the haze pollution over Zhongshan in January
2014 was simulated using the WRF-CM AQ model, and the main conclusions reached,
which could be used as a reference for haze prevention and control for government,
were as follows:

The simulation results based on CMAQ model basically reflected the variation
tendencies of the PM s concentration and visibility in Zhongshan. PM2 5
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concentration of Zhongshan gradually reduced from northwestern to southeastern,
with 50-55pg/m®in the northern part and 35-40pg/m® in the southern part. The
contribution ratio of emission sources in local Zhongshan reached 45% in the
northwest of Zhongshan but reduced to 30-35% in the southern area. Emission
sources of other citiesin RPD contributed 35-45% PM -5 in northern and 25-30% in
southern Zhongshan. The emission sources outside Guangdong Province were very
important to Zhongshan, which contributed about 25% in the northern part but the
contribution ratio increased to 35-40% in southern Zhongshan.

The simulation tests showed that emission sources in Zhongshan, other PRD
cities and outside Guangdong respectively contributed 58%, 27% and 13% when there
was no cold front affected. However when strong cold front was available, alarge
amount of pollutants outside Guangdong Province were transferred to the PRD region
via the advection airflow, making the contribution ratio of emission sources outside
Guangdong increased to 45%, while the emission sources in Zhongshan and other
PRD cities contributed respectively 28% and 23%; when weak cold front affected,
emission sources of other PRD cities contributed 42%, and emission sourcesin
Zhongshan and outside Guangdong respectively contributed 34% and 21%.

Among the primary compositions of atmospheric aerosols of Zhongshan, Sulfate
came mainly from emission sources outside Guangdong, which accounted for 56%.
As for nitrate, local Zhongshan emission sources contributed the most a 68%.
Ammonium salt came from emission sources inside Zhongshan and outside
Guangdong (36% and 39%, respectively). As for organic carbon and elemental carbon,
emission sources outside Guangdong contributed the most (51% and 45%), followed
by the contribution of local emission sources of Zhongshan (32% and 31%).

After turning off the local emission sources of Zhongshan, the PM; 5
concentration decreased by 47%, 52% and 58% on the first, second and third day, so
emission control was suggested to be implemented 2-3 days before hazy days to
reduce PM s by 50%. According to the emission control simulation analysis, the
contribution ratio of emission sources in Zhongshan mostly came from industrial
sources, followed by residential and transportation sources. After turning off industrial,
residential and transportation sources, PM. s concentration decreased by 24%, 22%
and 15%, respectively. So the conclusions came that in conditions without a
significant weather system, the government could consider emission control measures
from the perspectives of industrial, residential and transportation sources so asto
obtain an ideal effect.
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