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Table 1 Sample number statistics of haze and clear days

CALIOP data

Ground meteorological observation data

Star-to-ground matching

Station Number of Number of Number of Number of Number of
transit day /d haze day /d clear day /d haze day /d clear day /d
Shanxi observatory 179 120 520 17 80
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haze day and clear day in Taiyuan Basin
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Abstract

Objective Rapid economic expansion and terrain constraints are causing high levels of aerosol pollution in the
Taiyuan Basin. Aerosols not only have an effect on people’s physical and mental health, but also on the earth-
atmosphere system’ s energy balance due to their absorption and scattering of solar radiation. The majority of
research on the vertical characteristics of Taiyuan aerosols has been conducted using ground and aircraft
observations. Few studies have been conducted using spaceborne lidars to study the vertical distribution of aerosols in
the Taiyuan Basin. CALIOP data is frequently used in the research of aerosol vertical characteristics because it is
used to identify the vertical distribution of global particles. The goal of this work is to examine the vertical
distribution of aerosol optical characteristics and aerosol types on hazy days in the Taiyuan Basin using CALIOP data
to provide theoretical support for the government in developing an emission reduction plan. By studying the weather
conditions surrounding various sources of pollution, we may gain a better understanding of the effect of
meteorological circumstances on the kind and spread of aerosols.
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Methods Firstly, we used the clear day and haze day determination method to determine the haze and clear days in
the Taiyuan Basin from 2018 to 2020, using hourly weather observation data and daily weather phenomenon data.
Then, using ground data and CALIOP data, we matched the haze and clear days and obtained the vertical distribution
characteristics of the aerosol extinction coefficient for the haze and clear days based on the CALIOP data. The
CALIOP data used in this research provides a vertical resolution of 30 m and a horizontal resolution of 333 m. The
HYSPLIT model was then used to do a cluster analysis on the backward trajectory of haze days between 2018 and
2020. Finally, the vertical distribution characteristics of aerosols from various sources and the influence of
meteorological factors were analyzed using CALIOP aerosol data, NCEP/NCAR reanalysis data, and MICAPS data.

Results and Discussions According to the research findings, the maximum aerosol extinction coefficient of the
haze day in the Taiyuan Basin was 1.22 km™ ', and the extinction coefficient declined with increasing height. On
clear days, the largest extinction coefficient was 0.33 km ' (Fig. 1). The air masses originating in Xinjiang and
Inner Mongolia were the primary contributors to the Taiyuan haze day (46%), followed by the local pollution air
masses (39% ). Additionally, air masses from Mongolia had a significant impact on the Taiyuan Basin’s pollution,
with a frequency of roughly 15% . The Taiyuan Basin was influenced by northwest or westward winds and low-level
warm advection. It was relatively simple to deposit dirty dust aerosols [ Fig. 2(d)]. Under static and stable weather
conditions, low-level warm advection resulted from an inversion layer. The area of low air pressure and low wind
speed on the ground hampered the spread of pollutants, and it was easy to accumulate polluted dust-type and polluted
continental-type aerosols [Fig. 3(d)]. On the ground, the Taiyuan Basin was placed at the front of the bottom of the
high pressure system, with quite a strong ground wind. The cold advection between 700-850 hPa brought
contaminants from high-latitudes to the Taiyuan Basin. The aerosols were primarily dust-type aerosols [ Fig. 4(c¢) ],
with a high aerosol uplift height.

Conclusions On haze days, the aerosol extinction coefficient decreased as the height increased, whereas the
change in extinction coefficient with height was not apparent on clear days. Weather circumstances had an effect on
the vertical distribution of aerosols in the Taiyuan Basin. The aerosol extinction effect in the Taiyuan Basin was
strongest at 200—300 m above ground, where it was influenced by northwest or westward airflow and regulated by
low-level warm advection. Under static and steady weather conditions, low-level warm advection resulted in the
production of an inversion layer, with the aerosol extinction effect being strongest at a height of 360 m above the
ground. On the ground, the Taiyuan Basin was ahead of the bottom of the high pressure, with quite strong ground
winds. The cold advection at 700—-850 hPa brought pollutants from high-latitudes to the Taiyuan Basin. The aerosol
extinction effect was strongest during the transmission of such pollutants at a height of 1200 m above the ground.
Due to the complexity of the influence of meteorological components on the vertical distribution of aerosols, we
intend to perform additional research in the future.
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