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HIGHLIGHTS

3 RESULTS

p OMPS detects a large decline, 7.3±1.5% per year, of tropospheric NO2 in

p Both OMPS and surface data sets indicate

eastern China during 2012-2017, attributable to decreasing emissions.
p A statistically insignificant decreasing trend in NO2 was observed in the US
during the same period, attributable to meteorology.
p The consistency of OMPS with OMI offers a continuation of satellite NO2
products from EOS to future satellites.

a significant decline of NO2 in the central
east and northeastern China, a weaker
decline over the Yangtze River Delta, and
a certain increase of NO2 in the south and
northwest (Fig 4).

p The overall spatial consistency of OMPS-

INTRODUCTION
1 INTRODUCTION

Figure 2. Relative changes (normalized
at 2012) of annual-mean tropospheric
NO2 column over the Eastern USA) and
Eastern China from OMPS NM and OMI

Background
p Nitrogen oxides (NOx
NO2)
are key
key constituents in atmospheric
(NOx = NO + NO
2) are

p OMPS suggests an overall decline of 31.5±5.9% in NO2

chemistry, contributing to tropospheric ozone, secondary inorganic and
organic aerosols, and acid deposition.

p Earlier investigations of satellite NO2
NO2 before the mid-2000s revealed

significant increasing trends over China which were often larger than
suggested by bottom-up inventories and in sharp contrasts to the decline
of NO2
observed over
over the
the US
US and
and Europe
Europe during
during the
the same
same period.
period.
NO2 observed

p Recent research shows that China's nitrogen oxide emissions began to

decrease during 2010-2014, but the turning point is still unclear.

Objective
p Identify the turning point and the magnitude of the reduction for China's

NO2
emissions.
NO2 emissions.

p Finding
a new
satellite
data
as the
continuation
of OMI
products.
Find a new
satellite
data
as the
continuation
of OMI
products.

2 DATA AND METHODS
p We use the Ozone Mapping Profiler Suite (OMPS) level-2 products of

tropospheric vertical column densities of NO2 (NMNO2-L2) and grid them
onto monthly means at a resolution of 0.25° × 0.25° to analyze trends in
global tropospheric NO2 from 2012 to 2017.

p A model with a linear trend and a seasonal component (Equation) was used

to fit monthly NO2 column at each grid (Weatherhead et al., 1998):
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Yt (1015 molecules cm−2) is NO2 column of month t, Xt is the number of months since January 2012, Nt is the
residual unexplained by the fit, A, B, C, D, and E are parameters resulting from the fit.

p Surface NO2 measurements at 361 cities were obtained from the China

Figure 1. (a). Annual-mean tropospheric NO2 column from OMPS NM for 2016 on a
0.25°×0.25° latitude-longitude grid. (b) 2012-2017 mean annual trends of tropospheric
NO2 column from OMPS NM on a 2°×2.5° latitude-longitude grid. The zoomed-in parts
show the eastern US, eastern China, and India.

p NO2 decreases are most pronounced over eastern China, at

3~5 x 1014 molecules cm-2 yr-1. A significant decreasing
trend is also found over parts of eastern Europe and
isolated spots in Central Asia, all being a fraction of the
decline rate in China. The largest increase is in northeast
India, at 2~3 x 1014 molecules cm-2 yr-1 or 2.5% yr-1.
Increases are also seen over the US and southeast Asia
such as Thailand. There is no significant trend in Africa or
South America.

column in eastern China during 2012-2017, corresponding to
a linear trend of -7.3±1.5% per year. OMI derives a slightly
larger decline over the same region, but the difference is
within 10%. For the eastern US, OMPS indicates a negative
but statistically insignificant trend of -1.55±1.50% over the
whole period of 2012-2017, consistent with OMI.

p The two satellite products have consistent temporal

variations and magnitudes. OMI indicates that the national
average of NO2 column started to decline after the winter of
2010-2011 (Fig 3a). For eastern China, however, both OMI
and OMPS detected that the downward trend of NO2 started
since the winter of 2012-2013, about two years later than
the national average did, and the decline continues to 2017,
the end of our analysis period (Fig 3b).

4 DISCUSSION

Figure 4. Annual trends of (c) surface NO2 concentrations at
monitoring sites and (d) tropospheric NO2 column from OMPS
NM, both from 2015 to 2017.

5 CONCLUSION
Figure 5. Relative trends (% year-1) of winter (January and
February) NO2 column between 2012 and 2017 in various
regions by OMPS and GEOS-Chem.

p Meteorological variability can also cause

significant variability, including trends, in
NO2 column by affecting lifetime,
transport, and vertical distribution of NOx.

p For the US and the eastern US, the

meteorology-only change is negative at
about -2.5% yr-1 (p<0.05).

Ministry of Environment Protection (http://beijingair.sinaapp.com/). We
sampled surface NO2 observations between 1-2 pm local time (OMPS
overpassing time) for each day.

p The fact that both OMPS and OMI observed a non-negative change of NO2 column

p GEOS-Chem version 11-01 was used with fully coupled O3-NOx-VOC-aerosol

statistically significant. This positive meteorology-only change suggests the decline
of NOx emissions in China may be even larger than the change of NO2 column seen
by OMPS.

chemistry. The GEOS-Chem simulation was conducted for December
through February from 2012 to 2017, driven by time-varying
meteorological fields from the Modern-Era Retrospective analysis for
Research and Applications, Version 2 (MERRA-2) produced by the GMAO at
NASA.

Figure 3. Monthly-mean tropospheric NO2
column observed by OMPS NM (black) and
OMI (blue) over the whole China (a) and
eastern China (b).

derived NO2 trend with that from surface
monitors not only verifies the OMPS
products, at least qualitatively, but also
suggests the decline of NO2 column in
eastern China is most likely driven by
changing emissions at the surface.

in the US suggests an increase of those emissions in the US.

p The meteorology-only change for China is positive at less than 1% yr-1, yet not

p The meteorology-only change for India is also positive, indicating the large

increasing change of NO2 column over India may be partly due to meteorology.

p The decline of NO2 is found most evident in eastern China, with an average rate

of -7.3±1.5% per year, mostly driven by decreases in winter. The decline was
found to start in 2013, later than the 2010-2012 timeline from other studies.

p During the same period, NO2 columns over most of the contiguous US are found

to be either stabilizing or decreasing at a statistically insignificant rate, consistent
with previous investigations based on OMI.

p With the GEOS-Chem model, we further estimated that meteorology is not the

driver of the large decline of NO2 columns in China, whereas in the US the NO2
change can be almost entirely attributed to meteorology.

p As the improved OMPS instrument with higher spatial resolution and wider

spectral coverage has started to fly on the first NOAA and NASA Joint Polar
Satellite System (JPSS) satellites, our trend analysis and comparison with the
preceding OMI products not only demonstrate the value of OMPS products as a
continuation of satellite NO2 from OMI to current and future JPSS satellites but
also serve as a benchmark for those future datasets.
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