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1. Introduction

To solve global-scale environmental problems including global
warming, it is necessary to accurately understand the
geochemical cycles that cause such problems and to make
reliable predictions. To this end, this project is carrying out
research and development of state-of-the-art modeling related to
geochemical cycles at the Earth's surface using the Earth
Simulator. Here we report in the following sections on studies
that have applied the JAMSTEC tropospheric chemistry
reanalysis data (TCR, [3][4]), which have been constructed under
this project, to analyze the controlling factors for spatial and
temporal variations in tropospheric ozone and aerosols,
respectively.

2. Cause of a Lower-Tropospheric High-Ozone Layer
in Spring Over Hanoi

2.1. Introduction

Tropospheric ozone is closely related with air quality by
producing hydroxyl radicals, which control the oxidizing
capacity of the atmosphere and is itself an air pollutant and one
of the strong greenhouse gases. It is important to describe and
understand the mechanism determining the three-dimensional
(3D) distribution of 0zone and its temporal variation in order
to trace the origin of air pollution and to understand
climate variability and change.

In this study, we conducted a comprehensive study on the ozone
enhancement with thermodynamic properties and the detailed
analysis of chemical model sensitivity experiments. We first
describe the variabilities of the ozone enhancement in March
together with background meteorological properties, in which we
identify three regimes in terms of ozone variability separated by
the stable layers at about 1.5 km and about 4 km. We then
investigated the source region of ozone precursors that
contributes the ozone enhancement above Hanoi by conducting

sensitivity experiments using a chemical transport model with the
observationally constrained top-down emissions. We further
reveal the 3D structure of the ozone enhancement and investigate
the mechanisms controlling the ozone enhancement that appears
at about 3 km above Hanoi.

2.2. Data and methods

We used ozonesonde data collected at the Aecro-
Meteorological Observatory (21.02°N, 105.80°E), Hanoi, once
or twice in each month from September 2004 to June 2018. The
observations are described in detail in Ogino et al. (2013) [5]. To
examine the relative importance of different emission source
regions on the ozone enhancement above Hanoi, we performed
sensitivity experiments using the global chemical-transport
model, CHASER [1].

The surface emission of major ozone precursors, such as
carbon monoxide (CO), nitrogen oxide (NOx), and nonmethane
hydrocarbons, were included in the model based on the published
emission inventories [the Emission Database for Global
Atmospheric Research (EDGAR) v4.2, the monthly Global Fire
Emissions Database (GFED) v3.1, and monthly mean Global
Emissions Inventory Activity (GEIA). We employed daily NOx
and CO emissions that were optimized using the assimilation of
satellite. NO2 and CO measurements, where the a priori
emissions were constructed based upon bottom-up emission
These
anthropogenic and biomass burning components, were obtained
from the Tropospheric Chemistry Reanalysis (TCR, [3][4]) and
enabled us to evaluate the emission impacts for individual

inventories  [2][3]. emissions, including both

sources.

2.3. Results

At 700 hPa, the control experiment (Fig. la) reveals high
ozone mixing ratio (>62 ppbv) over each of the eastern parts of
the two regions: the northeastern part of Indian subcontinent and
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Fig. 1. The mean horizontal ozone distributions at 700 hPa for the period from March 1st to 21st obtained from the 10-year sensitivity
model experiments. (Upper panels) Ozone mixing ratio for (a) the control, (b) the Indian subcontinent, (c) the northern Indochina, and
(d) the southern China experiments. (Lower panels) The ozone production due to the ozone precursors emitted from (e) the Indian

subcontinent, (f) the northern Indochina, and (g) the southern China regions. A cross mark in each panel shows the location of Hanoi.

northeastern part of the Indochina Peninsula. By eliminating the
ozone precursor emission over the Indian subcontinent region,
the ozone enhancement over northeast India disappears, whereas
the one over the northeast Indochina Peninsula remains (Fig. 1b).
The ozone enhancement over the northeastern part of the
Indochina Peninsula, including the Hanoi location, was
associated with emissions over the northern Indochina region
(Fig. 1c). In the case of the southern China experiment, the
Indochina signal remains (Fig. 1d). The contribution from
emissions over each region can be more clearly seen by
subtracting the result of each sensitivity experiment
from that of the control experiment, as seen in Figures
le-1g. We find that the Indochina emission produces
the ozone enhancement above Hanoi and its impact at
700 hPa (about 3 km) spreads around Hanoi with
horizontal extent of about 20° in latitude and longitude
(Fig. 19).

2.4. Conclusions

Regular ozonesonde observations for about 14 years above
Hanoi revealed an ozone increase at ~3 km in March. The ozone
densities in March showed large temporal variability at three
height ranges that are separated by two stable layers at ~1.5 and
~5 km. Meteorological and backward trajectory analyses
showed that a typical ozone enhancement at ~3 km originated
from air polluted over the Indochina Peninsula and a typical
decrease below 1.5 km was caused by the advection of the clean
oceanic air associated with a cold surge event.

The ozone concentration above Hanoi was most effectively
suppressed when emissions of ozone precursors over northern
Indochina Peninsula are eliminated. This suggests that air
pollution from northern Thailand (probably due to biomass
burning) contributed most to the ozone increase in Hanoi. The
model showed that the ozone increase originated from the
northern Indochina Peninsula emission expanded in the lower

troposphere over an area of about 20° in longitude and latitude.
The model also reproduced the ozone decrease near the surface
due to the clean air intrusion associated with the winter monsoon
easterly wind. The polluted air was further transported eastward
into the middle and upper troposphere across the Pacific Ocean,
and some of it reached the west coast of the USA.

We propose that the ozone increase at 3 km over Hanoi in
March is caused by the eastward advection of polluted, high-
ozone air that was well mixed up to the stable layer at ~5 km over
the land mass of the Indochina Peninsula to the west of Hanoi,
and by the westward advection of less-polluted, low-ozone air
from the oceanic area to the east of Hanoi associated with a cold
surge event below the stable layer at ~1.5 km. Such a mechanism
occurs only between March and April, after the development of
active shallow convection and before the start of summer
monsoon rainfall. We conclude that the ozone enhancement over
Southeast Asia is caused not only by the biomass burning
enhancement, but also by atmospheric circulation system formed
in pre-monsoon season. The circulation system determines the
detailed 3D structure of ozone distribution [6].

3. The global COVID-19 lockdown impacts on
secondary aerosol formation

The world-wide lockdown measures to prevent spreading the
2019 Novel Coronavirus (COVID-19) led to substantial
reductions in anthropogenic air pollutants’ emissions. The
unprecedent global emission reductions enable us to investigate
how atmospheric composition respond to reduced human activity.
Global COVID-19 lockdown impacts on fine particulate matters
(PM,5) have been evaluated [7]. However, changes in secondary
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Fig. 2. Spatial distributions of the NOx and SO, emission reductions at a country scale due to the COVID-19 lockdown. The COVID-

19 anomalies of NOx (left) and SO, emissions (right) in April 2020 are estimated from mean differences between the 2020 and BAU

emissions over individual countries. The anomalies are shown in relative changes (in percentage). Countries with emission anomalies

larger than their uncertainties and with the anthropogenic emission contributions to total emissions larger than 70% are shown in

hatched lines.

aerosols on regional to global scales remain unclear. Integration
of observational information on aerosol precursor gases from
space provide insight on responses of secondary aerosols to
reduced anthropogenic emissions on the global scale. We
quantify the response of secondary inorganic aerosols to
COVID-19-related emission reductions using a multi-constituent
chemical data assimilation of the TROPOMI for tropospheric
NO; column and total SO, column, the MLS for ozone and
HNO; vertical profiles.

Compared to the baseline “business-as-usual” emissions,
anthropogenic NOx and SO, emissions in April 2020 were
reduced by 19-25% and 14-20%, respectively, over major
polluted regions (Fig. 2). These regional emission reductions led
to decreases in sulfate and nitrate aerosol column amounts by
11% and 21%, respectively, over the eastern United States, by
8% and 11% over Europe, and by 12% and 14% over eastern
China in April 2020. The model results suggested that these
changes resulted from complex and non-linear responses of
chemistry and aerosol thermodynamic system to the emission
reductions and seasonal cycles in meteorology. The decreases in
secondary aerosols over these three regions corresponded to
more than 43% of the aerosol optical depth changes between
April 2020 and previous years derived from Suomi NPP/VIIRS
and Terra and Aqua/MODIS. These results provide an
implication for impacts of anthropogenic NOx and SO2 emission
controls for air pollution and climate change.
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