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This paper attempts to disclose how changes in meteorological conditions affect the diffusion
of air pollutants in highly polluted industrial and mining cities. Linfen, the city with the worst
air quality in China, was taken as the research object. First, the spatiotemporal distribution of
AQI and several air pollutants (i.e. PM2.5, PM10, CO, NO2, SO2 and SO3) in the study area
was obtained through interpolation by inverse distance weighting (IDW). Next, the overall air
quality and monthly variations of the AQI and the selected pollutants in 2017 were analyzed
in details. Finally, the authors probed deep into the temporal distribution, spatial distribution,
and meteorological conditions during the process of severe air pollution in the study area, in
the light of the data on wind speeds, wind directions and precipitation. The results show that:
The AQI in Linfen was high in winter and low in summer. Two peaks were observed on the
daily variation curves of AQI and main pollutants near 11:00 and 22:00, respectively. The
pollutant levels have similar patterns in spatial distribution: high in southwest and low in
northeast. The process of severe air pollution is mainly caused by small average wind speed,
weak precipitation, high humidity, and other atmospheric conditions that impede pollutant
diffusion (e.g. low altitudes of thermal inversion layer and atmospheric boundary layer
(ABL)), as well as stable atmospheric stratification in winter). The strong northwest airflow
and precipitation are the direct reasons for the end of the process of severe air pollution. The
research provides new insights into the mitigation and elimination of air pollution in industrial

and mining cities.

1. INTRODUCTION

Population  explosion,  resource  depletion, and
environmental pollution are three defining problems of today’s
world. Since the dawn of the 21% century, these problems have
severely damaged the global environment, especially in
developing countries.

One of the most serious environmental damages is air
pollution. The heavy emissions of pollutants into the air have
worsened the air quality, and harmed our health and quality of
life. What is worse, the growing incidence of air pollution will
undermine our living environment, posing a threat to our
survival and development [1-4]. As a result, air pollution has
become a public concern.

The pollutant level in the air is determined by three factors:
the emissions and physical-chemical properties of pollutants,
meteorology, and terrain. The latter two factors mutually
affect each other. In the plains, the vertical diffusion of
pollutants is only limited by the thickness of the atmospheric
boundary layer (ABL), while the horizontal diffusion depends
on wind speed, wind direction and turbulence intensity. The
situation in mountains is far more complex. In a mountainous
region, the ABL changes greatly in time and space, under the
control of the terrain. The variation in meteorological factors
makes air pollution in mountains much more serious than in
plains, when the same amount of pollutants is emitted [5-8].
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Over the history, many grave pollution incidents occurred in
dales, river valleys and plateau basins, namely, the Swiss
Plateau, the Los Angeles Basin, Mexico City, the Lower
Fraser Valley and the Rhine Valley [9-11].

Linfen has long been one of the most polluted cities in China.
However, the small city has not attracted much attention from
the academia. It is not yet clear how air pollution evolves and
how meteorological conditions affect pollutant diffusion in
Linfen. To make up for the gap, this paper probes deep into a
typical process of severe air pollution, which occurred from
January 1% to January 6™, 2017 in Linfen. The distribution
features and change laws of typical air pollutants, namely,
PM10, PM2.5, SO, CO, O3 and NO», were explored in details,
based on the daily and hourly data of pollutant level, wind
speed, wind direction, landform and meteorological
observations. The research results provide the local
environmental department with a good reference for pollution
control.

2. METHODOLOGY
2.1 Study area

Located in the southwest of Shanxi province, Linfen (N:
35°23°-36°57; E: 110°22°-112°34’) enjoys a monsoon-


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.150316&domain=pdf

influenced semi-humid temperate continental climate. There precipitation in hot period. The geographical location of the
are four distinct seasons each year, with sufficient study area is shown in Figure 1.

Figure 1. The geographical location of the study area

Linfen is one of the three main production areas of coking each pollutant. The Os level is the 8h sliding average of that
coal in China, and an important new energy and industrial base pollutant.
in Shanxi. Human activities, such as energy exploitation and The meteorological data in the same period were obtained
fuel burning, have exerted an enormous pressure on the local from the official website of National Meteorological
environment. The air pollutants cannot easily diffuse due to Information Center, China Meteorological Administration.
the terrain of Linfen: the city is built in a small basin The selected meteorological factors include air pressure,
surrounded by mountains [12-14]. temperature, relative humidity, precipitation, wind speed, and
In recent years, Linfen has raised high concern over its sunshine duration. The data are the 3h average of each factor.
severe air pollution. In January, 2017, Linfen became the
center of attention with the worse Air Quality Index (AQI) in 2.3 Methods
China, as its SO; level far exceeded the limit. The air pollution
has serious impact on local economy and living conditions (1) Evaluation method
[15]. The AQI was calculated based on individual AQI (IAQI) to
describe the air quality of Linfen. Ranging from 0 to 500, the
2.2 Data sources AQI is a dimensionless number that quantifies the air quality.

The TAQI can be calculated by [16-19]:
The air quality data were downloaded from China National

Urban Air Quality Real-Time Publishing Platform. The 1AQI, = 2180 (o Bp 1y 4 [AQIL,.
original data are the daily average of the data collected by six BPHi=BPLo

air quality monitoring stations in downtown Linfen (Figure 1),
and the 24h monitoring data from January 1% to 6, 2017. The
AQI is the average values of the monitoring data. The levels
of PM2.5, PM10, CO, NO; and SO are the hourly average of

The air qualities indicated by different levels of AQI are
listed in Table 1 below.

Table 1. The relationship between AQI and air quality

Air quality Excellent Good  Light pollution Medium pollution Heavy pollution _Severe pollution

Levels 1 II 111 v \% VI
AQI 0~50 51~100 101~150 151~200 201~300 >300

(2) Inverse distance weighting (IDW) [20-23]. The sample points closer to the interpolation point are

The IDW provides geological information system (GIS) given greater weight.
with a convenient and mature interpolation tool to analyze the The main defect of the IDW is the heavy dependence on the
spatial distribution of environmental pollutants in a region. distance from the interpolation point to each sample point. The
The assigned values to unknown points are calculated with a error often increases with that distance. To overcome the
weighted average of the values available at the known points defect, it was defined that, the smaller the power of the
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distance, the greater the impact on the points farther away. In
this way, it is possible to transform discrete points into a
continuous smooth surface, which reflect the spatial
distribution features of geographical elements [24].

Here, IDW interpolations of AQI, PM2.5, PM10, CO, NO,,
SO, and SO;3; were performed on the GIS, giving a visual
display of the spatiotemporal distribution of AQI and each
pollution index in downtown Linfen.

3. RESULTS ANALYSIS
3.1 Air quality

3.1.1 Overall air quality in 2017

As shown in Figure 2, in 2017, 49% of days had excellent
to good air quality, down by 22% from the level of 2016; the
number of days with slight to medium pollution increased
significantly; there are 22 days with medium pollution
throughout the year; 36% of days had slight pollution; 5% of
days (20d) had heavy pollution and 5% (20d) had severe
pollution.

Severe pollution 5%

Heavy pollution 5%

Medium pollution 6%

Slight pollution 36%

Excellent

3.1.2 Monthly variations

Figure 3 shows the monthly levels of AQI, PM2.5, PM10,
SO,, NO,, CO and O3 in 2017. It can be seen that AQI, PM2.5,
SO, and PM10 levels had basically the same monthly changes,
all peaking at January. The levels of the four pollutants
exhibited clear seasonality: the levels are higher in winter than
in other seasons. Among them, SO, level was far above the
limit in January; the 2h average level peaked at 948ug/m?, 7.3
times that of level II. SO, level was above the limit in autumn
and winter, and relatively low in spring and summer.

It can also be seen that the pollutant levels were low from
March to October, and high from November to February, i.e.
the air quality is good from spring to early autumn, and poor
from late autumn to winter. The levels of PM2.5, PM10 and
SO, changed most significantly among all the pollutants.

By seasonal average, the AQI in Linfen was high in winter
and low in summer, indicating that the air is more polluted in
winter than in summer. Hence, the air pollution in Linfen may
be related to the seasonal changes of atmospheric activity or
atmospheric circulation. In winter, the meteorological
conditions are unfavorable for pollutant diffusion. For
example, it is more difficult for pollutants to diffuse due to the
radiation inversions of the atmosphere.

Excellent 4%

Good 44%

Good M Slight pollution M Medium pollution M Severe pollution M Heavy pollution

Figure 2. Number and percentages of days with different AQI levels in Linfen, 2017
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Figure 3. Monthly levels of air pollutants in Linfen, 2017
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3.2 Spatiotemporal features

3.2.1 Temporal distribution

From January 1% to 6", 2017, Linfen underwent a typical
process of severe air pollution. Starting from the early morning
of January 1%, the AQI gradually trended up, reaching Level
VI (severe pollution). The peak value of AQI was as high as
489. The severe pollution lasted for 6 days. On January 6,
2017, the AQI dropped to 143, marking the end of the severe
air pollution.

Figure 4 shows the 24h variation of each pollutant based on
the 6d average. Two peaks were observed on the curves of SO,
PM2.5 and PM10 near 11:00 and 22:00, respectively. The
morning peak is resulted from human activities, while the
evening peak is attributable to the rising level of particulate
matters, as pollutants cannot diffuse easily but accumulate



under low temperatures. In addition, the levels of particulate
matters peaked between 23:00 and 00:00, owing to the
decrease in solar radiation and weakening of atmospheric
turbulence from afternoon to evening.
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Figure 4. 24h variation of each pollutant in the process of
severe air pollution

The AQI reached the peak in the small hours, and dropped
to a low level at 9:00 on the next day. The NO; level started to
drop slowly from 17:00, reached the minimum at 7:00 next
morning, and rebounded to a small peak at about 12:00; the
small peak was followed by a slight decline, and then a rapid
increase until the peak at 19:00.

The O3 level varied in a small daily range. The level of O;
peaked between 15:00 and 22:00, and decreased slowly
thereafter. This is because solar radiation is an essential
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condition for the generation of Os: the O3 level gradually drops,
as solar radiation weakens in the afternoon, and stays low
when there is no sunlight. Finally, the CO level minimized
during 12:00-14:00 and maximized ruing 20:00-23:00.

3.2.2 Spatial distribution

The daily average of each air pollutant from January 1% to
January 5™, 2017, was subjected to IDW interpolation analysis
on ArcGIS, based on the distribution of air quality monitoring
stations in downtown Linfen. It can be seen from Figure 5 that
the AQI generally decreased from southwest to northeast. The
highest and lowest AQIs were observed in Yaomiao Town in
the south, and Lingang Hospital in the east, respectively.
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Figure 5. Spatial interpolation map of AQI at each
monitoring station during the process of severe pollution

As shown in Figure 6, PM2.5, PM10, SO, levels were
similar as the AQI in spatial distribution: high in southwest
and low in northeast; CO and NO; levels were both high in the
southwest and east, with the lowest levels at the center of
downtown; the spatial distribution of O3 level was completely
opposite to that of NO; level: the highest level was recorded at
the center of downtown, which gradually decreased to the
lowest levels in the southwest and north.
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Figure 6. Spatial interpolation map of each pollutant at each monitoring station during the process of severe pollution
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3.3 Meteorological conditions

In 2017, Linfen experienced 33 days with heavy to severe
air pollution (AQI>200) in the heating period. The 231
samples of wind speeds and wind directions. It can be seen that
the 33 days was dominated by southeast, southwest and west
winds, with an average wind speed of 1.41m/s; 22.6% of these
days had no wind. The severely polluted period (January 1-6,
2017) mainly features southern, south, southwest and
southeast breezes. During this period, Linfen was affected by
the polluted air mass in the south. The pollutants carried by the
south wind accumulated in the downtown, failing to diffuse
away from the concave terrain. Thus, the air pollution is the
combined result of external transmission and unique terrain.

The AQI and precipitation trends from January 1% to
February 10" are displayed in Figure 7. Five typical inflection
points, i.e. the time point that heavy pollution started to ease,
were selected from the figure, namely, January 7%, January
20", January 27%, January 30", and February 10",

At the turning of weather, the wind speed usually has a lag
in air purification. Thus, the wind speeds and wind directions
of the five days and their eves were summarized. The summary
shows northwest wind was the dominant wind direction, with
an average speed of 3.03m/s. Besides, moderate to fresh
northwest breezes continued to blow at daytime on January
19", 26% and 29", making it favorable for pollutants to diffuse.
According to the previous research on the diffusion conditions
of air pollutants in Linfen, wind speed has a significantly
negative correlation with the AQI. As the wind picks up speed,
the air has better mobility, and easily dilutes and carries away
air pollutants. As a result, the air quality is significantly
improved.

On January 4, the humidity gradually increased, and weak
precipitation began in the evening. Before precipitation, it is
difficult for air pollutants to diffuse. From 22:00, January 4%
to 02:00, January 5%, the temperature dropped slightly and
humidity surged up. The slight temperature drop, coupled with
soaring humidity, promoted hygroscopic growth of aerosols,
enhancing the haze intensity. Meanwhile, the weak pressure
field was unfavorable for pollutant diffusion. Despite the
precipitation in the morning, the amount of precipitation was
too small to create a strong wet removal effect. The
precipitation gradually increased in the small hours between
January 6" and January 7%, enhancing the removal effect of air
pollutants. The strong northwest airflow and precipitation are
the direct reasons for the end of the process of severe air
pollution.

Precipitation (mm) s /() @ [Inflection points

Figure 7. AQI and precipitation trends from January 1% to
February 10™, 2017

4. CONCLUSIONS

(1) In 2017, 80% of days in Linfen had good to lightly
polluted air quality; 4% of days (14d) had excellent quality; 37
days witnessed heavy to severe pollutions, most of which
concentrated in the heating period. The monthly changes show
clear seasonality of AQI, PM2.5, SO, and PM10 levels. The
four pollutants appeared on high levels mainly in January. By
seasonal average, the AQI in Linfen was high in winter and
low in summer.

(2) From January 1%tto 6%, 2017, Linfen underwent a typical
process of severe air pollution. Judging by temporal
distribution, two peaks were observed on the daily variation
curves of SO, PM2.5 and PM10 near 11:00 and 22:00,
respectively. Judging by spatial distribution, the AQI
generally decreased from southwest to northeast. The highest
and lowest AQIs were observed in Yaomiao Town in the south,
and Lingang Hospital in the east, respectively. PM2.5, PM10,
SO, levels were similar as the AQI in spatial distribution: high
in southwest and low in northeast

(3) The wind speeds, wind directions and precipitations in
the heavily to severely polluted days in the heating season of
2017 were summarized separately, and five typical inflection
points, i.e. the time point that heavy pollution started to ease,
were selected for further analysis. The analysis shows that the
heavily to severely polluted days were dominated by southeast,
southwest and west breezes and low precipitation; the weather
at the inflection points was dominated by northwest wind:
moderate to fresh northwest breezes at daytime, accompanied
by a surge in precipitation.

(4) The process of severe air pollution is mainly caused by
small average wind speed, weak precipitation, high humidity,
and other atmospheric conditions that impede pollutant
diffusion (e.g. low altitudes of thermal inversion layer and
ABL, as well as stable atmospheric stratification in winter)
[25]. The strong northwest airflow and precipitation are the
direct reasons for the end of the process of severe air pollution.

(5) In the future, the environmental department should
strengthen cooperation with the meteorological department.
Based on weather forecast, the plans for adverse
meteorological conditions should be deployed in advance, and
measures should be taken to reduce the emissions of surface
pollution sources (e.g. limit production, motor vehicle control
and dust control), aiming to mitigate or eliminate serious
pollutant overruns.
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