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Vorführender
Präsentationsnotizen
The Tropospheric Ozone Assessment Report (TOAR) initiative, phase 1, is coming to an end with the remaining "chapters" being published as peer-reviewed articles in the open access journal Elementa - Science of the Anthropocene. Many of the surface level ozone concentration and trend analyses published in TOAR were made possible with the TOAR database, the world's largest collection of surface ozone observations, which has ever been assembled in one place. This database is hosted as JSC as a classic relational Postgres database, and a web interface (https://join.fz-juelich.de) has been developed to allow easy access to the data, including the online calculation of several statistical quantities (so-called metrics) to quantify monthly, seasonal, or annual concentrations and their impacts on health, vegetation, and climate. A novel aspect of TOAR was the inclusion of a variety of global geophysical and geographic satellite data products from climate zones to population density, crop yields, and more. In these regards TOAR set new standards for the provision and analysis of global surface observations. However, TOAR and its database also have limitations, many of which are resulting from the slow adaptation of modern workflows and data management best practices. Although it is challenging to establish these workflows and practices for a very heterogeneous set of observations as TOAR represents, modern tools offer a lot of potential for overcoming ad-hoc decisions, manual data edits, and manual data screening. We have recently begun to define the new database structure and service architecture for the next phase of TOAR with the aim to allow more sophisticated analyses on a much larger dataset while maintaining and even improving ease of use. The presentation will highlight some of these ideas and also explain how TOAR-2 will be linked to the recently awarded ERC grant IntelliAQ.




The global tropospheric 
ozone burden increased 
by 9% from 1980 to 2010.

Half of the increase was 
due to the increase of 
emissions.

The other half was caused 
by the equatorward shift of 
emissions.

Slide by Owen Cooper, NOAASchultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



What is TOAR?

The „Tropospheric Ozone Assessment Report“ has been created by
more than 230 scientists from 36 countries to:

1. Produce the first tropospheric ozone assessment report based on the peer-reviewed literature 
and new analyses.

2. Generate easily accessible, documented data on ozone exposure and dose metrics at 
thousands of measurement sites around the world (urban and non-urban), freely accessible for 
research on the global-scale impact of ozone on climate, human health and crop/ecosystem 
productivity.

Web link: http://www.igacproject.org/activities/TOAR

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

http://www.igacproject.org/activities/TOAR


TOAR Timeline
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1st SG meeting, Boulder

1st Planning meeting, Madrid

2nd Planning meeting, Beijing

AGU Conference session, New Orleans

Data collection

Papers published

Database published

20
19

Oct. 2009: First community workshop on tropospheric ozone changes, Boulder, USA
Apr. 2011: Second community workshop on tropospheric ozone changes, Toulouse, France

Oct. 2019: review of
TOAR-1 by IGAC SC
and possible launch
of TOAR-2

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Vorführender
Präsentationsnotizen
Publication dates of TOAR papers:
Database: 18 Oct 2017
Modeling: 31 Jan 2018
Health: 05 Feb 2018
Metrics: 06 April 2018
Climate: 11 May 2018
Vegetation: expected online July 2018
Observations: expected submission July 2018
Budget: expected: ?

Pre-TOAR workshops:
2009: http://onlinelibrary.wiley.com/doi/10.1029/2010EO130004/full
2011: https://library.wmo.int/opac/index.php?lvl=author_see&id=5263#.WpbSoejOUuU 



TOAR Publications

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Vorführender
Präsentationsnotizen
Publication dates of TOAR papers:
Database: 18 Oct 2017
Modeling: 31 Jan 2018
Health: 05 Feb 2018
Metrics: 06 April 2018
Climate: 11 May 2018
Vegetation: 28 June 2018
Observations: accepted August 2019
Budget: ??




TOAR article views
and citations

05 August 2019

Source: Web of Knowledge, Clarivate AnalyticsSchultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Ozonesondes: TOST product, Canada, 2008-2012 Satellite: OMI/MLS, NASA, 2010-2014

Satellite:  OMI-RAL, UK, 2010-2014Satellite:  OMI-SAO, Harvard-Smithsonian, 2010-2014

Satellite:  IASI-SOFRID, CNRS, France, 2010-2014Satellite:  IASI-FORLI, ULB/LATMOS, 2010-2014

First intercomparison of 
satellite-detected 
tropospheric column ozone

All annual products show 
similar features, but with 
varying intensity.

Figure from Gaudel et al. (2018), https://doi.org/10.1525/elementa.291Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Satellite estimated ozone burden, 60° S – 60° N: 300 ± 12 Tg

ACCMIP model ensemble estimate, 60° S – 60° N: 299 ± 21 Tg

Tropospheric column ozone trends 

Figure and data from Gaudel et al. (2018), https://doi.org/10.1525/elementa.291Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Vorführender
Präsentationsnotizen
In Owen‘s slide the ACCMIP number is 299 ± 21 Tg




The TOAR database

as of 06 August 2019:
12,795 Ozone data series
at 10,002 stations

Precursors and meteorology:
9278 data series NO2
6253 data series NO
396 data series PM10
2744 data series CO
7560 data series temperature
…

Figure: M.G. SchultzSchultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Figure: M.G. Schultz
https://join.fz-juelich.de

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Access to the TOAR Database

Graphical web interface: https:/join.fz-juelich.de

REST Service: https:/join.fz-juelich.de/services/rest/surfacedata/

Pre-processed data products at

https://doi.pangaea.de/10.1594/PANGAEA.876108

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Figure: M.G. Schultz

https://join.fz-juelich.de/
https://join.fz-juelich.de/services/rest/surfacedata/
https://doi.pangaea.de/10.1594/PANGAEA.876108


One example of a TOAR surface ozone metric



Figure available at https://doi.pangaea.de/10.1594/PANGAEA.876108Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Applications and ongoing developments



Use of TOAR data in model evaluation

Schultz et al., 2018
https://doi.org/10.5194/gmd-11-1695-2018

Huijnen et al., in preparation

DRAFT! Do not cite or quote!

ECHAM-HAMMOZ

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Regional analyses – especially China



… and more …

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Sites in Europe classified as „rural“ Sites in Europe classified as „urban“

population_density > 1500
AND nightlight_1km >= 60
AND max_nightlight_25km = 63

omi_no2_column <= 8
AND nightlight_5km <= 25
AND population_density <= 3000
AND max_population_density_5km <= 30000
AND google_alt <= 1500
AND etopo_relative_alt <= 500

@Jülich: Improve globally consistent site classification based on EO data

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

ERC-2017-ADG
#787576

1-10 km scale 100 m scale

Use clustering to obtain
objective grouping of
stations …
(PhD thesis Lukas Leufen) Figure: M.G. Schultz



@Jülich: Extend geographic information use

Provide location-specific geodata as a REST service

Example: /location/population_density/

Population
density

?lon=6.5&lat=50.3  
 value at location

?lon=6.5&lat=50.3&stats=max&radius=25  
 maximum value within 25 km radius

?lon=6.5&lat=50.3&stats=mean&radius=25&direction=WNW  
 mean value in WNW sector within 25 km radius

?lon=6.5&lat=50.3&stats=mean&radius=40&by_sector=True 
 mean value in all 16 wind sectors within 40 km radius

Status: in preparation – code available for climatic zones, HTAP regions, major roads, NOx emissions, NO2 columns,
population density, rice roduction, wheat production, stable nighttime lights, tandem-x topography

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Figure: M.G. Schultz



ERC-2017-ADG
#787576

Figure: Severin Hußmann, JSC and HU Berlin

2m temperature predictions using a 
PredNet (Lotter et al., 2016)

@Jülich: Develop and apply deep learning to fused ESS data

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Vision for the data and service architecture in TOAR-II

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich

Figure: M.G. Schultz



New science questions and necessary updates
• What is the role of meteorology and precursor changes for tropospheric ozone changes? 

(attribution)

• Improve vegetation impact estimates by using stomatal fluxes

• etc.

For example:

• Update trend estimates

• Complement burden analysis with careful model evaluation

• Can we obtain a robust interpolation of surface ozone/tropospheric ozone maps to obtain
full global coverage?

TOAR-II to be launched after decision of IGAC Steering Group in October 2019

TOAR-II Steering Group to be assembled and to decide on science issues and roadmap. 

We need community buy-in and an active and engaged community to make TOAR-II happen!
Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Conclusions

• TOAR has produced the first comprehensive global assessment of
tropospheric ozone. It is being picked up by the international community.

• The TOAR surface air quality database has pioneered open access
to global ozone data and is being expanded to include precursors and
meteorological data.

• The future of TOAR will be decided in October 2019
(but we believe it will happen and are ready to support it)

• Through ERC grant IntelliAQ Jülich continues the development of the
TOAR
database and analysis methods, especially machine learning.

• Science questions and roadmap for TOAR-II shall be defined by the
community (there is strong interest to link much better to modelling)

Schultz, TOAR, Hong Kong, 07 August 2019
Forschungszentrum Jülich



Schultz, TOAR, Hong Kong, 06 August 2019
Forschungszentrum Jülich

The Earth System Data Exploration research group at JSC

Thank you!
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