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 Tropospheric Chemical Reanalysis
• 16 years (2005-present), two-hourly, global, surface to lower stratosphere chemical 

concentrations of 35 species, including O
3
, NOx, OH, SO

2
, VOCs

• Anthropogenic, biogenic, biomass burning, and lightning emissions (NOx, CO, SO
2
)

• Used in various science applications, including validation of NASA satellite products
• Able to support OSSE activities in support of mission formulation

Data Assimilation

Validation against
in-situ & aircraft 
measurements

Satellite 
Observations 
Assimilated in 
MOMO-Chem

MOMO-Chem (Multi-mOdel Multi-cOnstituent Chemical) Data Assimilation System

Models
Used for 

Assimilation



Global anthropogenic emission reductions in 2020: 7% (CO2)  8% (NOx)
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1. Emissions 
(NOx, SO2, CO)

3. Health and 
climate Impacts2. ConcentraEons
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1. Emissions
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Fig. 2. Spatial distributions of the NOx and SO2 total accumulated emission reductions534

from January 23 to February 29, 2020. The results are shown for (a) NOx emission changes535

due to average recovery rate for 2015-2019 and (b) due to COVID-19 anomaly, and (c)536

SO2 emission changes due to COVID-19 anomaly. (d) shows contributions of emission537

reductions after lockdown to the total NOx emission reductions from January 23 to Febru-538

ary 29, 2020 (in %) for each province as a function of days from CNY. The red line and539

numbers show linear regressions. Each dot represents each province, while the di↵erent540

colors represent accumulated emission reductions corresponding to the results in Fig. 2a541

and 2b.542
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NOx

SO2

COVID emission anomaly 
during Jan 13- Feb 29

-3 TgN/yr = 10% of global total emissions 
뺶 Europe (4.1 TgN/yr), US (4.2 TgN/yr), India (3.4 TgN/yr)



Ozone PM2.5

- 2,100 more ozone-related and at least 60,000 fewer PM2.5-related morbidity incidences, 
- Augmented efforts to reduce hospital admissions and alleviate negaXve impacts from 

potenXal delayed treatments

3. Health Impacts

MDA8 ozone and PM2.5 response to the COVID emission anomaly

(Feb 15-25, 2020)

up to +16 ppb up to 23 µgm-3    
 for a single day

Ozone PM2.5

2. ConcentraEons



Estimated NOx emissions

-9%

-15%

In April-May 2020 

- Europe, North America, the Middle East 
and West Asia: -18-25% 

- Africa and South America: -5-10% 

- Global total: -5 TgN/year 

1. Emissions



Global ozone response

2. ConcentraEons1. Emissions



These reductions correspond to a tropospheric 
ozone radiative forcing of 233-350 mW m-2.

Global ozone response: May 2020

-10 ppb

-3 ppb

-5 ppb
3. Climate Impacts2. ConcentraEons



Global ozone response: Comparisons against CrIS satellite

CrIS (JPL TROPESS) 
ozone 700 hPa: 

2020 minus 2019

2. ConcentraEons



Ozone production efficiency = ΔO3/ΔNOx emissions

2. ConcentraEons1. Emissions



Tropospheric OH and CH4 anomaly

The 4% reducXon in the tropospheric global 
mean OH concentraXon would increase the 

methane lifeXme by about 4 months

Miyazaki et al., 2021; Laughner et at., in revison.

3. Climate Impacts2. ConcentraEons



Summary

• Total anthropogenic NOx emissions dropped by at least 15% globally and 18-25% 
regionally in April and May 2020, which led to up to a 5 ppb decrease in FT ozone, 
consistent with independent satellite observations. Similar reductions in VOCs emission 
would lead to additional 22-26 % reduction in TOB. 

• Our results show that COVID-19 mitigation led to a clear and global atmospheric signature 
that altered atmospheric oxidative capacity and climate radiative forcing and can be used to 
inform policies that co-benefit air quality and climate. 

• New LEO and GEO measurements and multi-spectral retrievals of composition provide 
much-improved spatial and temporal resolution and coverage in conjunction with the 
chemical reanalysis. They should lead to greater usefulness of satellite measurements for 
climate and air quality applications. E.g., GEMS NO2 with CrIS/TROPOMI O3 would better 
isolate sources and attribute sectors and their influences on ozone at daily scales.



Apply to 2020 emission values on the base date  
→ BAU emissions
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Figure 1: Schematic diagram of the methodology used in this study. (1) (a) The top-down 2010-2019 
emissions obtained from the chemical data assimilation (green lines) were used to (b) evaluate relative 
temporal emission changes from the base date (February 1, January 10 for China only) through July 31 
each year. (c) The calculated relative temporal emission changes were averaged over the ten years 
(2010-2019) to obtain climatological relative emission variations (solid blue line). (d) The climatological 
variations were applied to the 2020 emission (solid red line) values on the base date to obtain the BAU 
emissions for 2020 (solid blue line) and then compared with the 2020 emissions to estimate the COVID 
emission anomaly. (2) The COVID-19 ozone response through February to July 2020 and monthly OPE 
estimated from the beginning to end of each month were estimated from model simulations by replacing 
the BAU emissions with the 2020 emissions for each region or globally. ( 3) The evaluated ozone 
response were compared with the observed changes from the CrIS satellite and surface observations.

Global TOB anomaly 
Regional emission changesMonthly OPE =

- From the beginning to end of each month

Top-down NOx emission es,mates

Average over 2010-2019 →  
Climatological relaBve variaBons(Unitless)
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