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Welcome to the 

TOAR-II Quickstart Event

Agenda: 

12:00-12:10 UTC Welcome and introduction by the TOAR-II Co-chairs 

12:10-12:30 UTC Overview and brief highlights from TOAR I and introduction to TOAR II aims 

12:30-12:50 UTC Introduction to the expanded TOAR Database and data services 

12:50-13:00 UTC How to get involved: TOAR II Working Group concept 

13:00-13:10 UTC Presentation from the newly formed Satellite Ozone Working Group 

13:10-13:30 UTC Question & Answer session 

13:30 UTC Announcement of the TOAR-II Kick-off Workshop (early 2021) and Close 
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TOAR-II Stay up-to-date!

Please register for the TOAR-II email list here:

https://igacproject.org/activities/TOAR/TOAR-II

…or just google “TOAR-II email list”

140 scientists have registered so far

Emails will be infrequent and will only announce key TOAR-II activities
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TOAR-I 2014-2019

Mission:
To provide the research community with an up-to-date scientific assessment of 
tropospheric ozone’s global distribution and trends from the surface to the 
tropopause. 

Deliverables:

1)  The first tropospheric ozone assessment report based on all available surface 
observations, the peer-reviewed literature and new analyses.

2)  A database containing ozone exposure metrics at thousands of measurement 
sites around the world, freely accessible for research on the global-scale 
impact of ozone on climate, human health and crop/ecosystem productivity.

Stakeholders:  
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TOAR-I 2014-2019

Funding and in-kind donations provided by:

Research Center for 
Eco-Environmental 
Sciences, Chinese 
Academy of Sciences
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TOAR-I Accomplishments, 2014-2019

Nine highly-cited journal publications 

in Elementa

A database with easily accessible ozone

metrics at 1000s of stations worldwide

A highly motivated community of > 240 

scientists from over 35 countries

Uptake of TOAR results by other 

communities (e.g. WMO, GBD and IPCC)

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II


https://igacproject.org/activities/TOAR/TOAR-II
Owen Cooper on behalf of the TOAR-II Steering Committee

TOAR-II Quickstart Event, September 16, 2020

II

TOAR-I publications in Elementa
https://

collections.elementascience.org/toar
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TOAR-I publications 

are highly cited

According to Web of Science

Over 430 citations so far

Current rate is ~250 citations per year
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TOAR-I key results

The first global-scale view of all 

available surface ozone 

observations

98th percentile 

5-year average (2010-2014) 

summertime months:  April-Sept. in 

the N. Hemisphere, and Oct.-March in 

the S. Hemisphere

Data available at:

Schultz et al., Tropospheric Ozone Assessment 

Report, links to Global surface ozone datasets. 

PANGAEA, 

https://doi.org/10.1594/PANGAEA.876108
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TOAR-I key results

The first global-scale view of all 

available surface ozone 

observations

Number of days per year that ozone 

(max.daily 8-hr avg.) exceeds 70 ppb

5-year average (2010-2014) 

summertime months:  April-Sept. in 

the N. Hemisphere, and Oct.-March in 

the S. Hemisphere

See TOAR-Health for further details:

Fleming, Z. L., and R. M. Doherty et al. (2018), 

Tropospheric Ozone Assessment Report: Present-

day ozone distribution and trends relevant to 

human health, Elem Sci Anth, 6(1):12, 

DOI:https://doi.org/10.1525/elementa.273
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TOAR-I key results

The first global-scale view of all 

available surface ozone 

observations

Number of days per year that ozone 

(max.daily 8-hr avg.) exceeds 70 ppb

Trends:  2000-2014 

summertime months:  April-Sept. in 

the N. Hemisphere, and Oct.-March in 

the S. Hemisphere

See TOAR-Health for further details:

Fleming, Z. L., and R. M. Doherty et al. (2018), 

Tropospheric Ozone Assessment Report: Present-

day ozone distribution and trends relevant to 

human health, Elem Sci Anth, 6(1):12, 

DOI:https://doi.org/10.1525/elementa.273
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TOAR-I key results

The first intercomparison of satellite 

ozone products

Satellite products generally agree 

regarding global ozone hotspots. 

Satellites and IPCC models report 

similar values for the tropospheric ozone 

burden.

However, the satellites disagree 

regarding trends over the past decade 

(2008-2016).

Future TOAR work will reconcile the 

satellite ozone trends.

See TOAR-Climate for further details:

Gaudel, A., et al. (2018), Tropospheric Ozone 

Assessment Report: Present-day distribution and trends 

of tropospheric ozone relevant to climate and global 

atmospheric chemistry model evaluation, Elem Sci Anth, 

6(1):39, DOI: https://doi.org/10.1525/elementa.291
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TOAR-I key results

The most extensive evaluation of 

historical (pre-1975) ozone 

observations

Ozone has increased at northern 

mid-latitudes since the mid-20th 

century, in the range 30-70 %

See TOAR-Observations for further 

details:

Tarasick and Galbally et al. (2019), Tropospheric 

Ozone Assessment Report: Tropospheric ozone 

from 1877 to 2016, observed levels, trends and 

uncertainties. Elem Sci Anth, 7(1)

DOI: http://doi.org/10.1525/elementa.376

Historical data

Modern 
data
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TOAR-I Fostering independent research

To date, 25 independent studies have utilized the TOAR 

database 

WMO (World Meteorological Organization), Scientific Assessment of Ozone 

Depletion: 2018, Global Ozone Research and Monitoring Project–Report No. 58, 

588 pp., Geneva, Switzerland, 2018

Blunden, J., D. S. Arndt, and G. Hartfield, Eds., 2018: State of the Climate in 

2017. Bull. Amer. Meteor. Soc., 99 (8), Si–S332, 

Lu, X., et al. (2018), Severe surface ozone pollution in China: a global 

perspective, Environ. Sci. Technol. Lett.  5, 8, 487-494.

Chang, K.-L., et al. (2019), A new method (M3Fusion v1) for combining 

observations and multiple model output for an improved estimate of the global 

surface ozone distribution, Geosci. Model Dev., 12, 955-978 

Lu, X., et al. (2020), Rapid increases in warm-season surface ozone and resulting 

health impact over China since 2013, Environ. Sci. Technol. Lett. 7

Seltzer, K. M., et al. (2020), Magnitude, trends, and impacts of ambient long-term 

ozone exposure in the United States from 2000 to 2015, Atmos. Chem. Phys., 20, 

1757–1775
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TOAR-I Fostering independent research

To date, 25 independent studies have utilized the TOAR 

database 

WMO (World Meteorological Organization), Scientific Assessment of Ozone 

Depletion: 2018, Global Ozone Research and Monitoring Project–Report No. 58, 

588 pp., Geneva, Switzerland, 2018

Blunden, J., D. S. Arndt, and G. Hartfield, Eds., 2018: State of the Climate in 

2017. Bull. Amer. Meteor. Soc., 99 (8), Si–S332, 

Lu, X., et al. (2018), Severe surface ozone pollution in China: a global 

perspective, Environ. Sci. Technol. Lett.  5, 8, 487-494.

Chang, K.-L., et al. (2019), A new method (M3Fusion v1) for combining 

observations and multiple model output for an improved estimate of the global 

surface ozone distribution, Geosci. Model Dev., 12, 955-978 

Lu, X., et al. (2020), Rapid increases in warm-season surface ozone and resulting 

health impact over China since 2013, Environ. Sci. Technol. Lett. 7

Seltzer, K. M., et al. (2020), Magnitude, trends, and impacts of ambient long-term 

ozone exposure in the United States from 2000 to 2015, Atmos. Chem. Phys., 20, 

1757–1775

This paper confirmed that China is the global hotspot for 
surface ozone pollution
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1757–1775

This paper combined the TOAR data with 5 global models 
to produce a more accurate map of ozone exposure
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To date, 25 independent studies have utilized the TOAR 
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Lu, X., et al. (2018), Severe surface ozone pollution in China: a global 

perspective, Environ. Sci. Technol. Lett.  5, 8, 487-494.

Chang, K.-L., et al. (2019), A new method (M3Fusion v1) for combining 

observations and multiple model output for an improved estimate of the global 

surface ozone distribution, Geosci. Model Dev., 12, 955-978 

Lu, X., et al. (2020), Rapid increases in warm-season surface ozone and 

resulting health impact over China since 2013, Environ. Sci. Technol. Lett. 7

Seltzer, K. M., et al. (2020), Magnitude, trends, and impacts of ambient long-term 

ozone exposure in the United States from 2000 to 2015, Atmos. Chem. Phys., 20, 

1757–1775

Since 2013 ozone has increased rapidly across China, despite 
emissions reductions.
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WMO (World Meteorological Organization), Scientific Assessment of Ozone 

Depletion: 2018, Global Ozone Research and Monitoring Project–Report No. 58, 

588 pp., Geneva, Switzerland, 2018

Blunden, J., D. S. Arndt, and G. Hartfield, Eds., 2018: State of the Climate in 

2017. Bull. Amer. Meteor. Soc., 99 (8), Si–S332, 

Lu, X., et al. (2018), Severe surface ozone pollution in China: a global 

perspective, Environ. Sci. Technol. Lett.  5, 8, 487-494.

Chang, K.-L., et al. (2019), A new method (M3Fusion v1) for combining 

observations and multiple model output for an improved estimate of the global 

surface ozone distribution, Geosci. Model Dev., 12, 955-978 

Lu, X., et al. (2020), Rapid increases in warm-season surface ozone and resulting 

health impact over China since 2013, Environ. Sci. Technol. Lett. 7

Seltzer, K. M., D. T. Shindell, et al. (2020), Magnitude, trends, and impacts of 

ambient long-term ozone exposure in the United States from 2000 to 2015, 

Atmos. Chem. Phys., 20, 1757–1775

Trends (ppb per year) of MDA8 ozone (2000-2015) for summer (left) and 
winter (right).

Artificial neural networks were applied to the TOAR database to 
quantify human exposure to ozone across the USA.
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TOAR-II Goals for 2020-2024

1. TOAR Ozone Data Portal: Update the TOAR Surface Ozone Database with all 

recent ozone observations (through 2020); new sites and regions; ozone precursors 

and meteorological data. Develop methods for including historical data (pre-1975) 

and create links to repositories of free tropospheric observations.

https://toar-data.org
…further details in the following 
presentation by Martin Schultz.

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
https://toar-data.org/


https://igacproject.org/activities/TOAR/TOAR-II
Owen Cooper on behalf of the TOAR-II Steering Committee

TOAR-II Quickstart Event, September 16, 2020

II

TOAR-II Goals for 2020-2024

1. TOAR Ozone Data Portal: Update the TOAR Surface Ozone Database with all 

recent ozone observations (through 2020); new sites and regions; ozone precursors 

and meteorological data. Develop methods for including historical data (pre-1975) 

and create links to repositories of free tropospheric observations.

2. TOAR publications: Exploit the TOAR Database to provide an updated 

assessment of ozone’s global distribution and trends relevant to climate, human 

health and vegetation. Published in the open-access, peer-reviewed literature.
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TOAR-II Goals for 2020-2024

1. TOAR Ozone Data Portal: Update the TOAR Surface Ozone Database with all 

recent ozone observations (through 2020); new sites and regions; ozone precursors 

and meteorological data. Develop methods for including historical data (pre-1975) 

and create links to repositories of free tropospheric observations.

2. TOAR publications: Exploit the TOAR Database to provide an updated 

assessment of ozone’s global distribution and trends relevant to climate, human 

health and vegetation. Published in the open-access, peer-reviewed literature.

3. Outreach:  Involve scientists from the atmospheric sciences community, as well as 

statisticians and scientists who focus on broader issues of global change and 

sustainability, to identify outstanding science questions in relation to tropospheric 

ozone.  Topics may include impacts of tropospheric ozone on climate, human health 

and vegetation, as well as urban-scale issues (in addition to regional/global scale).
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TOAR-II Goals for 2020-2024

1. TOAR Ozone Data Portal: Update the TOAR Surface Ozone Database with all 

recent ozone observations (through 2020); new sites and regions; ozone precursors 

and meteorological data. Develop methods for including historical data (pre-1975) 

and create links to repositories of free tropospheric observations.

2. TOAR publications: Exploit the TOAR Database to provide an updated 

assessment of ozone’s global distribution and trends relevant to climate, human 

health and vegetation. Published in the open-access, peer-reviewed literature.

3. Outreach:  Involve scientists from the atmospheric sciences community, as well as 

statisticians and scientists who focus on broader issues of global change and 

sustainability, to identify outstanding science questions in relation to tropospheric 

ozone.  Topics may include impacts of tropospheric ozone on climate, human health 

and vegetation, as well as urban-scale issues (in addition to regional/global scale).

4. Maximize exploitation of TOAR data:  1) help scientists around the world, beyond 

the TOAR effort, to apply the database to new analyses; 2) explore new data 

science methods to improve the analysis of global ozone trends and their attribution.
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TOAR-II Scientific Scope

An observation-based, up-to-date assessment of tropospheric ozone’s 
distribution and trends on regional, hemispheric and global scales.  

Observations include in situ measurements using modern quantitative methods 
(e.g. UV-absorption instruments - surface and airborne), wet chemical ozonesondes, 
and remote sensing methods from ground-based and space-based platforms 
(e.g. lidar, UV-absorption, thermal-infrared)  

Historical data (pre-1975) may also be considered (see TOAR-Observations)
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TOAR-II Scientific Scope

An observation-based, up-to-date assessment of tropospheric ozone’s 
distribution and trends on regional, hemispheric and global scales.  

Observations include in situ measurements using modern quantitative methods 
(e.g. UV-absorption instruments - surface and airborne), wet chemical ozonesondes, 
and remote sensing methods from ground-based and space-based platforms 
(e.g. lidar, UV-absorption, thermal-infrared)  

Historical data (pre-1975) may also be considered (see TOAR-Observations)

TOAR-II will assess the physical science basis for tropospheric ozone’s global 
distribution and trends (similar to IPCC Working Group I)

TOAR-II will also explore and quantify the impacts of tropospheric ozone on 
human health, crop and ecosystem productivity and climate change (similar to 
IPCC Working Group II) 

As TOAR is a science effort, studies may be policy-relevant but not policy-
prescriptive.
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TOAR-II research will be guided by the community

TOAR-II findings will appear in two TOAR-II Special Issues of a peer-reviewed, 
open-access journal (T.B.D.)
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TOAR-II research will be guided by the community

TOAR-II findings will appear in two TOAR-II Special Issues of a peer-reviewed, 
open-access journal (T.B.D.):

1) a set of papers contributed to the TOAR-II Community Special Issue

- Paper topics are developed by the community through Focus Working 
Groups (described later in Helen Worden’s presentation) 

- These papers should contribute to TOAR-II objectives and support the final 
TOAR-II assessment

- Papers should make use of TOAR-II data resources
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TOAR-II research will be guided by the community

TOAR-II findings will appear in two TOAR-II Special Issues of a peer-reviewed, 
open-access journal (T.B.D.):

1) a set of papers contributed to the TOAR-II Community Special Issue

- Paper topics are developed by the community through Focus Working 
Groups (described later in Helen Worden’s presentation) 

- These papers should contribute to TOAR-II objectives and support the final 
TOAR-II assessment

- Papers should make use of TOAR-II data resources

2) an invited set of core papers comprising the assessment report

- Papers are developed by Assessment Working Groups

- At present, the only specified core papers are updates to TOAR-Health, 
TOAR-Climate and TOAR-Vegetation

- Additional core papers will be identified by the TOAR-II Steering Committee, 
based on input from the TOAR-II community
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TOAR-II Status and roadmap

Selection of new steering 
committee

Planning of objectives and roadmap

Development of enhanced data 
infrastructure

2020 

2021 

First TOAR-II workshops

Formation of working groups (WGs)

Beginning of new data collection

Bring data infrastructure online

2022 

WGs: Preparation of analyses
and planning of manuscripts

Develop new metrics and 
populate database

2024 

Publication of TOAR-II

2023 

Finalize data

Perform new and updated analyses

Draft manuscripts, submit by Sept. 1
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Detailed information on TOAR-II scope and 

procedures can be found on the TOAR-II 

webpage:

https://igacproject.org/activities/TOAR/TOAR-II
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To sign up for the TOAR-II email list, or for more information on 

TOAR-II please visit our webpage:

https://igacproject.org/activities/TOAR/TOAR-II

Question and Answer Session
facilitated by:

Erika von Schneidemesser

Institute for Advanced Sustainability Studies, Potsdam, Germany 
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