How do the economic activities influence the air quality in
China?
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Air pollution is one of the biggest environmental health challenges around the world.
The fine particulate matters (PM) is particular dangerous to human health, such as brain
tissues (Bishop et al., 2018), mortality (Ebenstein et al., 2017), productivity (Chang et al.,
2016), human development (Bharadwaj et al., 2017), mental health (Chen et al., 2018) and
cognitive ability (Zhang et al., 2018a; Ebenstein et al., 2016). Literature has documented
several influencing factors of air pollution including industrialization (Li et al., 2019), urbanization (Luo et al., 2020), transportation (Romero et al., 2020) and energy consumption
(Li et al., 2020). Specifically, previous studies also investigated the impact of electricity
on air quality, involving electricity demand (Bedi and Toshniwal; Yi et al., 2020), production (Yue et al.) and remote transmission (Wang et al., 2020). However, little was known
about the effect of economic activities on air pollution in small communities that are lacking of economic statistics. Our study will investigate how the local air pollution measured
by Air Quality Index (AQI) and PM2.5 is influenced by the economic activities of small
communities in China.
Inspired by Henderson et al. (2012) and Nordhaus and Chen (2015) who estimated the
economic activities based on the Defense Meteorological Satellite Program (DMSP) Operational Linescan System (OLS) imagery, we draw data from satellite images of urban night
lights as a measurement of the economic activities. As the global Visible Infrared Imaging
Radiometer Suite (VIIRS) nighttime light data leads to a better performance in estimating
GDP and electricity power consumption (Shi et al., 2014), we use VIIRS imagery instead of
DMSP-OLS. We are able to identify the nearest 1,498 communities in 322 prefecture cities
of 31 provinces in China based on the precise coordinates of ground air quality monitoring
stations from Ministry of Ecology and Environment of the People’s Republic of China. We
make a 5-km buffer with the location of communities and calculate the monthly average
intensity of night lights within this buffer from January 2015 to December 2018. We then
calculate the corresponding monthly average of nighttime1 AQI and PM2.5 for each community. The final panel dataset includes 71,904 observations at 1,498 communities in 31
provinces of China from January 2015 to December 2018.
There are several reasons why this is an appealing context to reveal the impact of
economic activities on air pollution. First and foremost, by observing a large sample of
communities over four years, there exists large spatial and temporal variations in night
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lights and air pollution. Nighttime light data is more precise than traditional economic
statistics. We can identify the impact of economic activities on air pollution at a wider
magnitude, which is typically unseen in most developed countries. Secondly, it is difficult
to find the monthly economic activities due to data limitation. We build the channel between
economic activities and the intensity of night lights. In this way, we are able to examine
the influence of night light as a proxy of economic activities on the night air quality. We
show that subnational economic statistics are strongly correlated to luminosity data.
Our main empirical model is a linear model with the community fixed effects. We further
include the month-by-year, city-by-month, province-by-year and province-by-month-by-year
fixed effects to capture the unobservable variables in the time and spatial span. To control
for the effect of weather on air quality, we also include the monthly average of nighttime
temperature and precipitation for each community based on the nearest weather station.
Our study assumes that under certain pollution levels, people cannot detect air pollution
and hence air pollution cannot induce people to stay indoors. Our empirical results indicate
that when AQI is at Good level or above, 1% increase in night lights leads to the growth of
the AQI by 14.38%, which is statistically significant at the 1% level. Similarly, 1% increase
in night lights increases the PM2.5 by 7.5%, which is also significant at 1% level. A one
standard deviation increase in night lights would increase the nighttime AQI and PM2.5 by
2.1% and 2.79%, respectively. These results are consistent with findings from Stark et al.
(2011). We also find that the effect of temperature on air pollution is significantly positive
while the effect of precipitation on air pollution is significantly negative. When using models
only including community fixed-effects and province-by-month-by-year fixed effects, we find
that 1% increase in night lights increases the AQI by 7.48% and PM2.5 by 7.99% at the 5%
significant level. One possible explanation for different results is that provinces in China are
typically large and province-by-month-by-year fixed effects includes the variations within
provinces.
In the next step, we will estimate a spatial autoregressive model (SAR) to examine the
spatial spillover effects of nighttime light on city pollution. Previous research has explored
the spatial spillover effects of urbanization (Zhang et al., 2018b), water pollution (Brei et al.,
2016), rainfall (Hossain and Ahsan, 2018), and knowledge (Davis and Dingel, 2012) across
villages or cities. Specifically, using the same dataset of DMSP/OLS nighttime light, Zhang
et al. (2018b) revealed the spillover effect of urbanization on cities nearby and Brei et al.
(2016) showed the pollution’s spillover effect on the areas near the border. Yet few research
has shown the spillover effect of economic activities on air quality.
This paper provides several contributions to the economic literature. We firstly apply
the night lights as a measurement of economic activities and investigate the effect of night
lights on air pollution in developing country context. This allows us to examine the impact
of economic activities on nighttime air quality. This study also contributes to the literature
on empirically estimating the satellite imagery night lights on air pollution with a wide range
of spatial and temporal variation. From policy and practical perspective, it is beneficial to
reduce the night lights for a better air quality. This means that reducing unnecessary night
lights in the future will be an efficiency way to improve air quality.
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Brei, M., Pérez-Barahona, A., Strobl, E., 2016. Environmental pollution and biodiversity:
Light pollution and sea turtles in the caribbean. Journal of Environmental Economics
and Management 77, 95–116.
Chang, T., Graff Zivin, J., Gross, T., Neidell, M., 2016. Particulate pollution and the
productivity of pear packers. American Economic Journal: Economic Policy 8, 141–69.
Chen, S., Oliva, P., Zhang, P., 2018. Air pollution and mental health: evidence from China.
Technical Report. National Bureau of Economic Research.
Davis, D.R., Dingel, J.I., 2012. A spatial knowledge economy. Technical Report. National
Bureau of Economic Research.
Ebenstein, A., Fan, M., Greenstone, M., He, G., Zhou, M., 2017. New evidence on the
impact of sustained exposure to air pollution on life expectancy from china’s huai river
policy. Proceedings of the National Academy of Sciences 114, 10384–10389.
Ebenstein, A., Lavy, V., Roth, S., 2016. The long-run economic consequences of highstakes examinations: Evidence from transitory variation in pollution. American Economic
Journal: Applied Economics 8, 36–65.
Henderson, J.V., Storeygard, A., Weil, D.N., 2012. Measuring economic growth from outer
space. American economic review 102, 994–1028.
Hossain, F., Ahsan, R., 2018. When it rains, it pours: Estimating the spatial spillover effect
of rainfall. SSRN Electronic Journal .
Li, L., Hong, X., Wang, J., 2020. Evaluating the impact of clean energy consumption and
factor allocation on china’s air pollution: A spatial econometric approach. Energy 195,
116842.
Li, T., Li, Y., An, D., Han, Y., Xu, S., Lu, Z., Crittenden, J., 2019. Mining of the association
rules between industrialization level and air quality to inform high-quality development
in china. Journal of environmental management 246, 564–574.
Luo, X., Sun, K., Li, L., Wu, S., Yan, D., Fu, X., Luo, H., 2020. Impacts of urbanization
process on pm2. 5 pollution in” 2+ 26” cities. Journal of Cleaner Production , 124761.

3

Nordhaus, W., Chen, X., 2015. A sharper image? estimates of the precision of nighttime
lights as a proxy for economic statistics. Journal of Economic Geography 15, 217–246.
Romero, Y., Chicchon, N., Duarte, F., Noel, J., Ratti, C., Nyhan, M., 2020. Quantifying
and spatial disaggregation of air pollution emissions from ground transportation in a
developing country context: Case study for the lima metropolitan area in peru. Science
of The Total Environment 698, 134313.
Shi, K., Yu, B., Huang, Y., Hu, Y., Yin, B., Chen, Z., Chen, L., Wu, J., 2014. Evaluating
the ability of npp-viirs nighttime light data to estimate the gross domestic product and
the electric power consumption of china at multiple scales: A comparison with dmsp-ols
data. Remote Sensing 6, 1705–1724.
Stark, H., Brown, S., Wong, K., Stutz, J., Elvidge, C., Pollack, I., Ryerson, T., Dube, W.,
Wagner, N., Parrish, D., 2011. City lights and urban air. Nature Geoscience 4, 730–731.
Wang, Y., Li, M., Wang, L., Wang, H., Zeng, M., Zeng, B., Qiu, F., Sun, C., 2020. Can
remotely delivered electricity really alleviate smog? an assessment of china’s use of ultrahigh voltage transmission for air pollution prevention and control. Journal of Cleaner
Production 242, 118430.
Yi, F., Ye, H., Wu, X., Zhang, Y.Y., Jiang, F., 2020. Self-aggravation effect of air pollution:
Evidence from residential electricity consumption in china. Energy Economics 86, 104684.
Yue, H., Worrell, E., Crijns-Graus, W., . Impacts of regional industrial electricity savings
on the development of future coal capacity per electricity grid and related air pollution
emissions–a case study for china. Applied Energy 282, 116241.
Zhang, X., Chen, X., Zhang, X., 2018a. The impact of exposure to air pollution on cognitive
performance. Proceedings of the National Academy of Sciences 115, 9193–9197.
Zhang, X., Guo, S., Guan, Y., Cai, D., Zhang, C., Fraedrich, K., Xiao, H., Tian, Z., 2018b.
Urbanization and spillover effect for three megaregions in china: Evidence from dmsp/ols
nighttime lights. Remote Sensing 10, 1888.

4

