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Temporary reduction in daily global 
CO2 emissions during the COVID-19 
forced confinement

Glen Peters (CICERO Center for International Climate Research, Norway)
NASA Carbon Monitoring System (CMS) (remote, 28/05/2020)



We make current-year projections in Nov/Dec using data for the first 6-9 months of the year: Big uncertainties…
Should we make projections in April/May for 2020? What if the monthly data only goes to January?

Source: Global Carbon Budget (2019), updated Carbon Brief (2020)

Project or not to project?

https://www.globalcarbonproject.org/carbonbudget/
https://www.carbonbrief.org/guest-post-why-chinas-co2-emissions-grew-less-than-feared-in-2019




A daily approach



• No daily approaches in use (& often not needed)
• Method: Geared towards COVID & confinement
• Data: Daily electricity, Apple mobility, TomTom, industry 

organizations, government, smart meters, etc, etc
• Step 1: What happened from January to ‘now’

– Calibrate a confinement index (3 levels)
• Step 2: Scenarios on how confinement changes from ‘now’

– This step has some influence on the method

Method and Data



The method is built around a confinement index. At its peak in April, regions responsible for ~90% of global fossil 
CO2 emissions were under some level of confinement. This approach makes scenarios for 2020 easier to implement.

Source: Le Quéré et al (2020), Figure 1

Daily confinement

https://www.nature.com/articles/s41558-020-0797-x


Daily global fossil CO2 emissions decreased by –17% (–11% to –25%) by early April 2020 compared to 2019
The change in emissions until the end of April was –8.6% decrease over January–April 2019 or –2.9% for all 2019

Source: Le Quéré et al (2020)

Daily CO2 emissions (until May)

https://www.nature.com/articles/s41558-020-0797-x


2020 emissions depend on confinement duration: low estimate of –4% (–2% to –7%) if pre-pandemic conditions 
return by mid-June & a high estimate of –7% (–3% to –13%) if some restrictions remain worldwide.

Source: Le Quéré et al (2020)

Fossil CO2 emissions in 2020

https://www.nature.com/articles/s41558-020-0797-x


On average across different levels of lockdown at the peak in April: aviation decreased by 60%, surface transport by 
36%, industry 19%, power generation 7%, with a small increase in residential buildings of 3%

Source: Le Quéré et al (2020), Figure 2

Change in activity levels

https://www.nature.com/articles/s41558-020-0797-x


Electricity, heat, energy 45%, industry 23%, national transport 19%, international transport 3%, other 10%
Individual countries vary from the global averages, driving the differences between emission changes by country

Source: Peters et al (2020); Global Carbon Budget (2019)

Emissions by sector

https://www.nature.com/articles/s41558-019-0659-6
https://www.globalcarbonproject.org/carbonbudget/


Emissions from surface transport accounted for almost half (43%) of the decrease in emissions, industry & power 
together accounted for 43%, & aviation 10%. Residential led to a slight increase

Source: Le Quéré et al (2020)

Daily CO2 emissions (until May)

https://www.nature.com/articles/s41558-020-0797-x


The total change in emissions until the end of April was –1048 (–543 to –1638) MtCO2.
China: –242 MtCO2 (23% of total change), US: –207 MtCO2 (20%), Europe: –123 MtCO2 (12%), India: –98 MtCO2 (9%) 

Source: Le Quéré et al (2020)

Daily CO2 emissions (until May)

https://www.nature.com/articles/s41558-020-0797-x


Implications



The reduction is CO2 emissions is broadly consistent with what is required for 1.5°C or 2.0°C, but it is a one-off
To reduce emissions 5% per year requires continuous changes in technology, behaviour, infrastructure, …

Source: Le Quéré et al (2020)

Climate implications



Climate change is a consequence of cumulative CO2 emissions, and a reduction of global emissions by 5% in one 
year will have an undetectable effect on temperature (~0.001°C)…

Source: Le Quéré et al (2020)

Climate implications



• “Real-time” estimates of CO2 emissions (new methods)
• “Real-time” feedback on effects of policy interventions
• There will be a rebound post-COVID, but highly uncertain

• Bonus Extra: Fossil industries hit harder than renewables, 
could mean 2019 was peak emissions even after a recovery

Implications
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What kind of information are satellites giving us about 
COVID-19?

OMI NO2 – March 2015-2019 Average OMI NO2 – March 2020

Total NO2 in NE corridor: 496 kt Total NO2 in NE corridor: 347 kt 

More images and updates: https://airquality.gsfc.nasa.gov/
Analysis of world cities: https://so2.gsfc.nasa.gov/no2/no2_index.html

https://airquality.gsfc.nasa.gov/
https://so2.gsfc.nasa.gov/no2/no2_index.html
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Observing CO2 concentration changes: a look at Mauna Loa

Full Record – 60+ years

Past year

Images and more information available at:
https://www.esrl.noaa.gov/gmd/ccgg/trends/

COVID19 Era

Because CO2 is long-lived, the surface signal 
is very small relative to the background 
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Targeted model simulations show us what to expect
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Liu et al. estimate of Emission Changes EDGAR gridded emissions estimate

China
US
EU

GEOS Simulation of Atmospheric CO2 Changes

Liu paper: https://arxiv.org/pdf/2004.13614.pdf

https://edgar.jrc.ec.europa.eu/

March 31, 2020

https://edgar.jrc.ec.europa.eu/
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A closer look at Mauna Loa

https://www.esrl.noaa.gov/gmd/ccgg/trends/

Mauna Load Daily, Monthly and Weekly Averages from 201904 – 202005

Note: 2020 data are preliminary
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https://www.esrl.noaa.gov/gmd/ccgg/trends/

Mauna Load Daily, Monthly and Weekly Averages from 201904 – 202005

Note: 2020 data are preliminary

Black – GEOS 
simulation, no 

emissions changes

Models can realistically simulate recent Mauna Loa data, 
even without including emissions changes
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What are we seeing at Mauna Loa?

https://www.esrl.noaa.gov/gmd/ccgg/trends/

Mauna Load Daily, Monthly and Weekly Averages from 201904 – 202005

Simulated emissions decreases at MLO
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Preliminary model analysis suggests that we may be 
starting to see the signal of emissions decreases at 

Mauna Loa, but changes are very small – less than 0.5 
ppm, consistent with forecasts by the UK Met Office

Note: the accuracy of NOAA measurements is ~0.2 ppm

China
EU
US
Rest of World
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A space-based perspective on CO2 changes

Anthropogenic signals are even 
smaller when mixed through the 
entire depth of the atmosphere

https://svs.gsfc.nasa.gov/12478

https://svs.gsfc.nasa.gov/12478
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A space-based perspective on CO2 changes

Anthropogenic signals are even 
smaller when mixed through the 
entire depth of the atmosphere

https://svs.gsfc.nasa.gov/12478

GEOS simulated Change in column-averaged 
CO2  due to decreased emissions - Mar. 31

Change in surface CO2
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Changes in column CO2 
measured by satellites 
are smaller than at the 

surface, strongly 
influenced by weather 

patterns, and may 
contain information from 
many different regions

Urban observing 
networks are starting to 
see localized surface 

changes which provide a 
valuable complement to 

broader-scale 
measurements

https://svs.gsfc.nasa.gov/12478
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Many of the changes that we see aren’t related to human emissions

Fire story available at: https://earthobservatory.nasa.gov/images/146714/

There’s more going on than just fossil 
fuel emissions changes in 2020

SE U.S. active fire 
detections show 
less burning

April 2020 
relative to 
2012-2019
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April 2020 NDVI anomalies show a greener than 
average spring in many areas

http://www.fao.org/giews/earthobservation/
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Many of the changes that we see aren’t related to human emissions
GEOS simulated Change in column-averaged 

CO2 due to decreased emissions - Mar. 31

Variability in column CO2 due to biosphere
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Fire story available at: https://earthobservatory.nasa.gov/images/146714/

The biospheric signal 
is often as large as 

the fossil fuel 
decreases we’re 

looking for

There’s more going on than just fossil 
fuel emissions changes in 2020

SE U.S. active fire 
detections show 
less burning

April 2020 
relative to 
2012-2019
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April 2020 NDVI anomalies show a greener than 
average spring in many areas

http://www.fao.org/giews/earthobservation/
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https://svs.gsfc.nasa.gov/4519

GEOS-OCO-2 Assimilated XCO2

Merging model products with satellite observations:
• Fills gaps when observations are not available 
• Integrates surface, satellite, and aircraft observations 
• Accelerates the process of detecting anomalies 

A first look at atmospheric CO2 anomalies 
using a combination of OCO-2 data and 

NASA’s GEOS Data Assimilation System –
much more to come!

Warning: data very preliminary!
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Where we are right now in interpreting space-based CO2
observations

• Bottom-up analysis of activity data is providing valuable 
information about emission reductions related to COVID-19

• Integrating this information with atmospheric models tells us that 
(for now) we should expect these signals to be very small, often 
just larger than the accuracy of our measurements

• Major challenges ahead in interpreting the changes we are 
starting to see in satellite CO2 observations and separating 
changes in emissions from shifts in weather and biospheric flux

• For the first time, we have many of the observations and models 
that we need to interpret these changes shortly after they 
happen, largely thanks to support from CMS

• In addition to OCO-2 data, newly released OCO-3 data may 
provide additional insights on urban changes using a unique 
capability to zoom in on cities (https://ocov3.jpl.nasa.gov/)

OCO-3 observations over Los 
Angeles, Feb. 24, 2020 



COVID-19 and the Climate Crisis:
The Long and Winding Road 



Paris Ambition Mechanism

ØAmbition gap acknowledged in 2015

Ø5-year revision cycle for Paris pledges

ØInvitation to “update” initial pledges by 2020

ØUK climate summit postponed to 2021

ØNeed for much greater ambition remains





Health impacts

Economic shock

Fiscal instability

Policymaker and 
Public Focus

Geopolitical 
tensions



“Back to normal” (which 
was never sustainable)

OR

“Build Back Better”















“You can always 
count on the 
Americans to do 
the right thing, 
after they have 
exhausted all the 
other possibilities.” 





Health professionals
https://healthyrecovery.net/

Investors:
http://theinvestoragenda.org

States and Regions:
https://www.under2coalition.org

Cities: 
https://www.c40.org/other/covid-task-force

Labor:
https://www.bluegreenalliance.org/work-
issue/solidarity-for-climate-action/

Principles for a 
Sustainable Recovery

https://healthyrecovery.net/
http://theinvestoragenda.org/
https://www.under2coalition.org/
https://www.c40.org/other/covid-task-force
https://www.bluegreenalliance.org/work-issue/solidarity-for-climate-action/


ØDepth/duration of economic shock

ØFiscal crises, potential debt defaults

ØNationalism/Isolationism

ØUS-China tensions

ØLeadership deficit 

ØPower of the fossil fuel industry





Ø Sharp drop in cost of solutions

Ø Business/investor/subnational 

commitments & action

Ø Perception of financial risk

Ø Public awareness and concern





“Earth Rise” – Apollo 8, Christmas Eve, 1968



Questions?
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