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Abstract: Background, aim, and scope Guanzhong region in mid-western China is experiencing severe air
pollution during wintertime in recent years, so the region is listed on the national key region where air pollution
is urgently needed to improve. However, compared to the more developed eastern China, limited studies
are available in this region. Thus, how air pollutions form and which factors affect air pollutions should be
paid more attention. This study used in-situ black carbon (BC) concentration, BC emission inventories, and

meteorological parameters in the Guanzhong region, aiming to analyze characteristics of annual variation of BC
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concentration during wintertime and investigate how the emission and meteorological parameters (winds and
planetary boundary layer, PBL) affect BC concentration. Materials and methods Black carbon was measured by
an aethalometer (Model AE-16, Magee Scientific Company, Berkley, CA, USA). The instrument used quartz-
fiber filter tape transmission at 880 nm wavelength, with a 5-min resolution, 5 L-min ' of airflow rate and £2%

accuracy. Black carbon concentration is derived from the linear relationship between BC concentration and light

attenuation absorption coefficient. The 3-hour temperature, wind speed and direction are observed at weather

stations in the Guanzhong region, and data are available from http://gis.ncdc.noaa.gov/map/viewer/. Out of PBL

height observation during BC measurement, we use reanalysis PBL heights with a spatial resolution of 0.125° x
0.125° from European Centre for Medium-range Weather Forecasts (ECMWF). The data is available at http://
www.ecmwf.int/products/data/. In this study, we mainly use the statistics and the correlation analysis to calculate

the effects of BC emission, winds and PBL heights on BC concentration. Results Black carbon concentration

and BC emission in winter both have an obvious increase from 2008 to 2010, but with quite different increase

percentages. Prevailing wind direction has no obvious annual variation but the wind speed has the minimum in
2009 and the maximum in 2010. Planetary boundary layer height at daytime has a decline from 2008 to 2010,
and the drop reaches to as high as 40 m. Discussion Increase annual BC concentration from 2008 to 2010 is

closely associated with gradually increased BC emission, but the correlation between BC concentration and

emission is non-linear. For example, compared to BC concentration at 2009, BC concentration at 2010 increases

by 20.8%, but the emission increases by 10.3%. This is because BC concentration is not only affected by the
emission, but also affected by the meteorological conditions. The obvious drop of daytime PBL height from 2008
to 2010 can explain the rest difference. The correlation between BC concentration and PBL heights illustrates that

BC concentration exponentially decreases as the PBL heights increase. Conclusions Increased BC emission at
2010 contributes almost 50% to increased BC concentration. On the other hand, PBL heights in winter at 2010
decreased by 40— 50 m than that at 2008 and 2009, and decreased PBL heights constrains pollutants (e.g., BC)

into the surface layer, enhancing BC accumulation. In addition, rotated winds or convergent winds with low

speeds in winter over the whole Guanzhong region further enhance BC aggregation and accumulation. Hence,

better and healthy air quality in winter in the Guanzhong region needs to comprehend local wind and planetary

boundary layer development, and then reasonably control emission sources. Recommendations and perspectives

This study provides a new method to analyze the formation and influence factors for other trace components of air

pollution, which is helpful for the government to make scientific policy to prevent and control the air pollution.
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Fig.1 Topography of Guanzhong region and in-situ black carbon (BC) measurement site (the triangle, IEECAS)
and weather stations (the circles, Jinghe, Xianyang, Fengxiang and Huashan)
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Tab.1 BC concentration and emission, and the percentage of annual increment in winter from 2008 to 2010

i TR E TR WEEHTIT 73 ke He e 73 ke

Year BC concenggation BC emissi(}n Increment percentage of Increment percentage of
/(ug-m™) /(Mg-mon ') BC concentration / % BC emission / %

2008 10.3 4418.4 - -

2009 10.6 4806.0 3.1 8.8

2010 12.8 5299.6 20.8 10.3
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WL ) /2009 £ERBRIKIE % 100,
Note: Percentage is calculated as following: (BC concentration in 2009 — BC concentration in 2008) / (BC concentration in 2009) x 100.
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Tab.2 Annual variations of observed prevailing and secondary wind direction, wind speed and temperature at
weather stations in the Guanzhong region in winter from 2008 to 2010

1w Jinghe

4FA5y Year F R YALTH] i il
Prevailing wind direction ~Secondary wind direction ~ Wind speed /(m-s™") Temperature/ °C
2008 NNE SSwW 2.41 0.63
2009 NNE SSW 2.40 2.03
2010 NNE SSW 2.63 2.85
J&BH  Xianyang
A0} Year BN ] UAE] RS Al
Prevailing wind direction ~Secondary wind direction ~Wind speed /(m-s™) Temperature/ °C
2008 ENE E 2.27 0.75
2009 ENE NNE 2.19 1.25
2010 ENE NNE 2.60 1.81
JXF  Fengxiang
A} Year EA | AR A Al
Prevailing wind direction ~ Secondary wind direction ~Wind speed /(m-s™") Temperature/ C
2008 NNW SSE 2.32 -1.13
2009 NNW SSE 2.17 1.15
2010 NNW SSE 2.12 1.80

(%%  To be continued )
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(2:32 Continued Tab.2 )

4211 Huashan

AEASy Year B! U] W i
Prevailing wind direction ~Secondary wind direction ~Wind speed /(m-s ™) Temperature/ °C
2008 WNW W 4.79 —6.04
2009 WNW SSW 5.15 -3.14
2010 W WNW 5.78 -2.21
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