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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)
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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

10

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


https://igacproject.org/activities/TOAR/TOAR-IIOwen Cooper on behalf of the TOAR-II Steering Committee
TOAR-II Quickstart Event, September 16, 2020

II

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 Anticipating the change in ozone cross-section

"The numerical value of the ozone absorption cross-section is currently under 

review (Hodges et al., 2019; Orphal et al. 2016), with a recommendation that 

the value should be decreased by approximately 1.23% (Hodges et al., 2019). 

If accepted by the appropriate agencies (BIPM,WMO, ISO), this change will 

require all tropospheric ozone measurements on the current UV standard 

scale to be increased by 1.23%. This will not affect trends, but it will have a 

small effect on estimates that depend on the absolute ozone amount, such as 

calculations of ozone radiative forcing. This change will also improve 

agreement of the UV scale with gas phase titration (GPT) and the potassium 

iodide (KI) ECC ozonesondes."

Tarasick, D, et al. 2019. Tropospheric Ozone Assessment Report: 

Tropospheric ozone from 1877 to 2016, observed levels, trends and 

uncertainties. Elem Sci Anth, 7: 39. DOI: https://doi.org/10.1525/elementa.376
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TOAR-II Goals for 2020-2024
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
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TOAR-I Anticipating the change in ozone cross-section

- All ozone observations uploaded to TOAR-II Database must be flagged 

according to the ozone cross-section applied when the data were reported:

For example, 1 for the new cross-section, 0 for the former cross-section

- Once the new cross-section is adopted any ozone metric output by the 

database will be adjusted so that it reflects the new cross-section

- This protocol will ensure that time series are consistent and that calculated 

trends are reliable
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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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The WMO Global Atmosphere Watch (GAW) Programme focuses on:
- building a single coordinated global understanding of atmospheric composition 

and its change

- helps to improve the understanding of interactions between the atmosphere, 
the oceans and the biosphere.

Ozone is presently monitored at over 
100 GAW stations worldwide (primarily 
in remote or rural settings).

Data provided to the GAW Programme
by WMO Members and contributing 
networks are submitted to the World 
Data Centre for Reactive Gases 
(WDCRG), hosted by the Norwegian 
Institute for Air Research (NILU). 
https://www.gaw-wdcrg.org

GAW stations are described in the GAW
Station Information System (GAWSIS), 
supported by MeteoSwiss: 
https://gawsis.meteoswiss.ch 

Schultz, M.G.,  et al. (2015), The Global Atmosphere Watch reactive gases measurement network. 
Elem Sci Anth, 3, p.000067. DOI: http://doi.org/10.12952/journal.elementa.000067 17
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World Calibration Centre WCC-Empa
Supports global research and policies since 1996
More than 100 station audits at mainly global GAW stations
Covers four important greenhouse and reactive gases
Collaborates with other calibration centres to improve traceability
Assesses the performance of stations also with parallel measurements
Audit procedure includes data and metadata review

Audited stations by WCC-Empa since 1996 (red triangles); multiple audits at many stations Scope (top) and cumulative number (bottom) of WCC-Empa audits
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Ozone comparisons at GAW stations

~100 ozone audits at GAW stations during the past 25 years 

Maximum deviation of the instrument in the range 0-100 ppb
Green:  < 1 ppb
Yellow:  1 - 5 ppb.
Red:     > 5 ppb 



GAW is aware of the implications for a new ozone cross section.

This issue will be considered by the GAW Expert Team on Atmospheric 
Composition Measurement Quality

Members of this Expert Team include:
Herman Smit, Forschungszentrum Jülich, Germany

Christoph Zellweger, Empa, Switzerland

Joëlle Viallon, BIPM, France
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