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Study area

The study area is south-eastern China, here defined as
the land area including all provinces east of the Hu line:
* Densely populated (94% of Chinese population)

* Highly industrialized, strong economic development
* Large variety of surface types, elevation

* Large variety of atmospheric composition

* Progressive emission regulation
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AOD over south-eastern China, using MODIS-
MAIAC data (1 km spatial resolution),
averaged over 21 years (2000-2020):

* Large spatial variety

* Areas with very high AOD



Spatio-temporal variation

* Maps of the annually averaged AOD show the evolution
of the AOD across the study area, initially increasing until
2006/2007, varying until about 2014, then decreasing in
response to emission regulation implemented as part of the
clean air action plan (2013-2017). The evolution of the AOD v B
during the period from 1995-2017 has been analyzed by

many authors, e.g., Sogacheva et al. (ACP 2018) determined
trends for 2 periods: The objective of the current study is to extend

earlier studies and evaluate the AOD variations

02 03 04 05 06 07

China, SE incial | h
Similar analyses 0.7 on a provincial scale across south-eastern
were published by e Ch.ma. .
other authors: time '8 /\"/\/\/_\/\'\' This study was initiated because of recent
, . <04 /- : findings of flattening of the decrease of vertical
zi?Od; considered o [P " T JAOD vear’] column densities of tropospheric NO, (Fan et
ITTer between 0.2 c yea AOD yea '
authors o1 0.014 (3%) -0.033 (-7%) al., ACP 2021): with NO, a precursor gas for
' w52 § § § § § “~m 9N secondary aerosol formation, what is the effect
2222222222822 onaerosols?



N FN

b -

China

Normalized mean annual NOx -]

=]
@

oal de Leeuw et al., 2021

. |
2008 2010 2012 2014 2016 2018
Year

NO, emission trends, normalized
to 2007, over provinces in north-
eastern China, extended to 2018
as part of the DRAGON4 project.
The red line is based on the
average for East China (van der A
et al., 2017; de Leeuw et al,,
2021)

NO, trends

NO, tropospheric vertical column densities
(OMI data, 2011-2019) and trendlines, for
11 areas in south-eastern China (Fan et al.,

2021)
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Emissions and concentrations
decrease from about 2012,
with some difference
between regions

The concentrations seem to
stabilize in more recent years,
from about 2016 in the south
and from about 2018 in the
north

Trend lines were calculated
for different periods

Clear difference between
concentrations in the north
and in the south



AOD time series

AOD time series over the same areas and period as for NO, also show flattening in
recent years, as illustrated for Shanghai and Zhengzhou (de Leeuw et al., 2021).

For the current study, AOD was averaged on provincial scales, rather than around
major urban or industrial centers. Aerosol particles contributing to the AOD have
much longer atmospheric lifetimes than NO, (days vs hours), allowing for averages
over large areas. Furthermore, industrial development and urbanizations varies
across the study area, while provinces may implement clean air actions at
different times.

Clearly, strong fluctuations occur in the annually averaged AOD with differences
between provinces or clusters of provinces.

Such differences may be due to variations in emissions of aerosols and precursor
gases, while also climatological or meteorological effects influence the AOD

The time series used in this study cover the period starting in 2000 until July 2021.
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2003:

2007:

20009:

2011:

Some events

Siberian forest fires increase AOD in northern
provinces in May/June

AOD maximum, implementation of 11t 5-year
plan reduces AOD; 2007 in many studies
considered as pivot point when AOD starts to
decrease

world-wide financial crisis, reduced economic
activity and transport results in AOD minimum
in 2009/10

start of 12t 5-year plan with key target to
reduce energy consumption; climate anomaly
(warm and dry); 2011 in some studies considered
as pivot point when AOD starts to decrease
further (after 2007 the AOD fluctuated)

2013-2017: Clean Air Action Plan: strong reduction PM2.5

2014

2018:

and AOD

AOD peaks in central-south China; 2014
anomalous year (winter haze, summer drought,
monsoon activity, ...)

AOD minimum over most provinces
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AQOD stabilizes near that in 2000 Cesa
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The AOD during recent years seems to have stabilized
and fluctuates within 10% of the average during these
years.

The AOD by the end of the study period is similar to, or
even lower, than in 2000
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Comparison of the AOD in recent years with that in
2000, using AOD difference plots, confirms the
similar/lower AOD over much of the study area,
except in the southern provinces and part of
Shandong. In 2017, AOD over these areas was a bit
higher, in 2016 also over other parts
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Emission reduction vs meteorological effects € esa

100
p Xiao et al., 2021 2014 was an anomalous year, with winterhaze, summer drought
; 80 1 - and monsoon effects. These factors caused an anomalously high
g: o L /}::\//;;\Q ey AOD ove.r central-south China (bo.ttom). However, in the PM2.5
s 7 N ~ data derived from MODIS AOD using models, ground-based
§ 40 %ﬁ PM2.5 measurements and machine learning (Xiao et al., 2021),
T . gl N~ the anomaly in the AOD data seems to have been effectively
g - — removed, resulting in smooth PM2.5 time series. Other studies

0 also do not show a PM2.5 peak in 2014.
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The substantial increase in the AOD, which is not observed in

Centel-South PM2.5, indicates that factors affecting AOD, like the RH vertical
/\ profile, may have a much larger effect on AOD, and thus climate

( ?M effects, than on PM2.5 which is important for health effects.

3 \/\ Model runs are underway to discriminate between natural and
anthropogenic effects on the AOD (Kang et al., 2018).
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Conclusions

* The AOD over south-eastern China has stabilized in recent years at a value similar to, and in part
of the study area lower than, the AOD in 2000.

* The determination of AOD trends over south-eastern China may not be useful in view of large
interannual fluctuations and the short periods during which consistent variations occur.

* Anomalous behavior of the AOD has been identified and to some extent explained.

* The implementation of the clean Air Action Plan (2013-2017) had a clear effect on the AOD over
south-eastern China with a clear decline after many years when AOD fluctuated in response to
anthropogenic and meteorological / climatological influences.

e Large spatio-temporal fluctuations are observed in the AOD over south-eastern China, with
differences between provinces, north, and south and even within a cluster of provinces.



Thank you for your attention!

Any questions?

Feel free to contact me: gerrit.de.leeuw@knmi.nl
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