Overview of North American COVID-19 Emissions
Empty highways in Denver, CO March 2020
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Literature Review of COVID-19 and Air Quality Impacts

Gkatzelis et al. (Elementa, 2021)

Speaker Roadmap
1. Developing near real-time COVID-19 emissions over the U.S. (Brian
McDonald, NOAA Chemical Sciences Laboratory)
2. Rapid refresh of emissions at the NOAA Air Resources Laboratory
(Patrick Campbell, NOAA Air Resources Laboratory)
3. Ongoing US EPA efforts to reflect COVID-19 induced impacts on the
2020 NEI modeling platform (Karl Seltzer and Janice Godfrey, US EPA)
4. Vulcan-NRT: latest updates to generating near-real-time FFCO2
emissions estimates in the Vulcan Project (Kevin Gurney and Bhaskar
Mitra, Northern Arizona University)

Fuel-based Inventory of Vehicle Emissions (FIVE)
Emissions = Activity (kg fuel) x Emission Factor (g/kg fuel)

Colin Harkins
(CU-Boulder)
Harkins et al. (Environ. Res. Lett., 2021)
Emissions available at: https://csl.noaa.gov/groups/csl7/measurements/2020covid-aqs/emissions/

COVID-19 Impacted Light and Heavy-Duty Traffic Differently
LD decreased by ~50%

HD decreased by ~10%

Harkins et al. (Environ. Res. Lett., 2021)

Also Accounting for Changes in Power Plant + Industry
Power plants are continuously monitored
Utilizing DOE/DOC data for industrial scaling

2019
2020

2019
2020

April

July

Inferred Trends in Volatile Chemical Product VOC Emissions
Ambient-Derived
(Personal Care)
-50%

Ambient-Derived
(Coatings)
Increase 2x

Preliminary results based on measurements in Boulder, CO pre and during COVID-19 pandemic

Rapid Refresh of Emissions at NOAA-Air Resources Laboratory
Use of satellite (OMI) and ground (AQS) data to update NOx emissions
Emission Trend

Fusing AQS & OMI

S – satellite (OMI);
N – data number;

G- ground;
f – weighing factor

State-level Projection Factors
OMI and AQS (x100) by State

(2005 to 2012)
(Source: Tong et al., GRL, 2015)
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Emissions Impact on Ozone During U.S. Recession
Business As Usual (2011-2005)

Quantifying Recession Impact:

Recession (2011-2005)

O3 Changes Caused by Recession

BAU: EPA Projection;
Recession: Observed Changes;
Difference: Recession impact.
(Source: Tong et al., GRL, 2016)
GEIA COVID-19 Workshop, October 25-26, 2021
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Emissions Impact on Ozone During COVID-19 Economic Slowdown
Peak of U.S. Lockdown: March – April

Peak of U.S. Ozone Season: July - August

Blue= Decreases Red = Increases

∆ NOx Emissions (mol s-1)

∆ NOx Emissions (mol s-1)

Blue= Decreases Red = Increases

∆ Hourly O3 (ppb)

∆ Hourly O3 (ppb)
(Source: Campbell et al., AE, 2021)

GEIA COVID-19 Workshop, October 25-26, 2021

3

U. S. DOC // NOAA // Air Resources Laboratory // 3

The views expressed in this presentation are those of the authors
and do not necessarily reflect the views or policies of the U.S. EPA.

Ongoing U.S. EPA Efforts to Reflect COVID-19 Induced
Impacts on the 2020 NEI Modeling Platform
Karl Seltzer, Alison Eyth, Janice Godfrey, Venkatesh Rao
US Environmental Protection Agency, Research Triangle Park, NC
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United States Environmental Protection Agency
Office of Air and Radiation

October 25, 2021
Presentation to: GEIA COVID Workshop

National Emissions Inventory (NEI)
• The U.S. EPA generates an air pollution emissions inventory for the United
States called the NEI every three years. A NEI will be released for 2020.
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o

The NEI is an annual, county-level data product. The Emissions Inventory and Analysis
Group (EIAG) generates the NEI and subsequently post-processes it into a “modeling
platform,” wherein the annual, county-level data are used to generate a gridded and
temporally allocated dataset that can be input into an air quality model.

o

Due to the unique nature of 2020, the temporal allocation of NEI emissions for the 2020
modeling platform must be carefully considered. In the U.S., there were significant changes
in commuting patterns, industrial production, commercial cooking, and other sources that
have been very location-specific because of the state and local nature of many regulations.

o

These considerations are preliminary, and we hope to gather ideas and comments through
this workshop to improve our methods.

Broad Sectors of the NEI
Sector
Examples

•

o

Onroad

Nonroad

Events

Solvents,
Agriculture

Mobile
gas/diesel
vehicles

Mobile
gas/diesel
construction
equipment

Wildfires

•

Some data are collected from Continuous Emissions
Monitors (CEMS): 2020 temporal variation captured.
Some data are collected from other reporting
mechanisms: generally annual resolution.

Nonpoint sources:
o
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Power Plants

Nonpoint

Point sources:
o

•

Point

Various methods/emission models employed. Some
methods generate high temporal resolution output
(e.g., fertilizer application calculated online in an air
quality model). Others feature annual resolution
output (e.g., solvents).

Onroad/Nonroad sources:
o

•

Emissions are generated using EPA’s MOtor Vehicle
Emission Simulator (MOVES) model. Output features
high temporal resolution output but requires specific
high temporal resolution input (to be discussed more
on subsequent slides).

Event sources:
o

Daily temporal resolution output: 2020 temporal
variation captured.

Mobile Sectors
• Onroad (light and heavy-duty vehicles)
o
o

•
•
•

•
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Temporally resolved to hour of day, weekday vs. weekend day, and by day of month.
For 2020:
Telematics data (either purchased or readily available)
State submitted data, where states have good temporal data resolution

Nonroad (off-road construction, garden equipment, recreational equipment)

o
o

Temporally resolved to month
Lack data to make changes to 2020

o

Rail sector uses a flat profile for both day-of-week and hour-of-day temporal allocation. Do not expect
change for 2020.

Rail

Commercial Marine Vessels

o

CMV emissions based on AIS transponder data. Therefore, (hourly) temporal differences seen in 2020 data
will be accurate.



Sharp drop in cruise ships

Aircraft

o

Currently evaluating differences




Currently seeing drop in air travel but increase in air cargo, for an overall dip in 2020
Have annual landing and takeoff data, but do not have temporal information for allocation of activity throughout the year.

Onroad Sector - Telematics
• Telematics datasets are compiled by several commercial entities, including cellular
providers, commercial fleets, and commercial GPS vendors.
• These datasets provide measured activity data on hundreds of thousands of
vehicles, by specific location.
• These data are available for purchase, though generally aggregated in such a way
that no personal information can be retrieved

For the first half of the year, StreetLight VMT
data was available at a state/county-level
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Onroad Sector – INRIX Trip Trends
• INRIX Trip Trends is a summary of vehicle miles traveled, trip volumes, travel time,
and distance traveled covering various regions around the world.
• Data are by state, by day, and some vehicle types (passenger cars, local fleets, and
long-haul trucks). It includes trip count, trip duration, and VMT.
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Onroad Sector – Bureau of
Transportation Statistics (BTS)
• BTS partnered with the National Renewable Energy Laboratory (NREL) of the Department of Energy to
access Vehicle Travel Trends from INRIX.
• BTS also partnered with the Maryland Transportation Institute and Center for Advanced
Transportation Technology (CATT) Laboratory at the University of Maryland to estimate the Daily
Travel data and number of people staying home and not staying home.

US and North Carolina
Normalized VMT
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Thank you – any questions?
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COVID-related US
FFCO2
Kevin R. Gurney
Professor

Bhaskar Mitra

Postdoctoral Scientist
School of Informatics, Computing, and Cyber Systems
Northern Arizona University

New “off-shoots”: Vulcan Realtime

Results
Table 1. United States FFCO2 emission statistics for weeks in 2020
relative to detrended 2005-2019 median values for six fossil fuel
consumption sectors, the sector total and the U.S. total. The maximum
decline week date shows the end day for the weekly interval.

An asterisk denotes departures exceeding the 1st/3rd quartile ensemble distribution boundaries; Two asterisks denote
departures exceeding the minimum/maximum ensemble distribution boundaries; NS denotes departures that are not statistically
significant (do not exceed the 1st/3rd quartile ensemble distribution boundaries).

Results continued

Results continued
Table 2. Comparison of percentage decline in CO2 emissions in 2020
relative to 2019 across three studies: LeQuere et al. (2020) (Scenario
2 results), Liu et al. (2020a; 2020b), and this study. Note: The results
presented in this table do not use detrended values and are relative to
2019 (as opposed to the 2005-2019 long-term median) and hence,
differ from the results presented in Table 1

Data availability
Currently going to
monthly, state-scale
Also NRT in HestiaLA domain

https://vulcan.rc.nau.edu/realtime.html

