
II

TOAR-II Data

Martin G. Schultz   , Sabine Schröder   , Niklas Selke   , Eleonora Epp  , Mathilde Romberg   , 
Jianing Sun   , Jessica Ahring, Amirpasha Mozaffari   , Max Lensing, Clara Betancourt   , 
Lukas Leufen   , Björn Hagemeier   , Rajveer Saini   , Sander Apweiler

Jülich Supercomputing Centre, Forschungszentrum Jülich, Germany

http://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-3455-774X
https://orcid.org/0000-0002-0309-8010
https://orcid.org/0000-0002-9954-2250
https://orcid.org/0000-0002-6135-3817
https://orcid.org/0000-0002-7978-0796
https://orcid.org/0000-0001-6719-0425
https://orcid.org/0000-0002-1347-5297
https://orcid.org/0000-0003-4154-3397
https://orcid.org/0000-0003-1528-0933
https://orcid.org/0000-0001-9856-6309
https://orcid.org/0000-0001-8131-2476
https://orcid.org/0000-0002-6135-3817


https://igacproject.org/activities/TOAR/TOAR-IIMartin G. Schultz
TOAR-II workshop, 16-18 Nov 2021

II

What kind of data do we expect in TOAR-II?

Ozone sonde
& LIDAR data

Model data

Aircraft dataSatellite data

Surfacedata

~15,000 stations
10 variables
~ 20 bio data points

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
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How will TOAR-II data be managed?

TOAR database TOAR data portal

Ozone sonde
& LIDAR data

Model data

Aircraft dataSatellite data

Surfacedata

http://creativecommons.org/licenses/by/4.0/
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A one-stop-shop to locate and access tropospheric ozone data from a large 
variety of measurement platforms

❶

https://toar-data.org

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
https://toar-data.org/
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links to original web site

❶

https://toar-data.org

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

https://toar-data.org/contribute/#contribute_toar

Contribute descriptions and links to data:
This is a task for the TOAR-II WGs!

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
https://toar-data.org/contribute/#contribute_toar
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The TOAR Database Infrastructure

… comprises of

The TOAR database of global ground-level 
air quality observations

Web services for accessing and processing of 
TOAR data and metadata

Publication services for original TOAR datasets

011001100
100010010
011101010
010110011
010010110

Tools, source code, and documentation

❷

http://creativecommons.org/licenses/by/4.0/
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The TOAR Database in a nutshell

Contents: 
→Harmonized and quality-controlled surface ozone measurements 

and related data from all over the world (one of the largest 
collections of global air quality data)

→Globally consistent metadata to describe station characteristics and 
aid the interpretation of ozone data

Purpose: 
→To provide globally consistent metrics for analyses of health,

vegetation, and climate impacts from ozone air pollution
Data sources:
→Various environmental agencies and programs
→Universities and individual researchers
→OpenAQ (in version 2)
→COSMO (version 1) and ERA-5 (version 2) reanalysis data

❷

http://creativecommons.org/licenses/by/4.0/
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The TOAR Database – version 1

13,257 stations

103,735 time series

~12,000,000,000 data points

Ozone, NO, NO2, CO, PM2.5, 

PM10, ethane, propane, 

benzene, toluene, irradiance, 

cloud cover, T, RH, Q, u, v,

wdir, wspeed, Rn

~35 contributing networks and

research groups

harmonized data and metadata

enhanced station metadata

1970 – 2013

some datasets extended to

2017

(as of August 2021)

The TOAR database version 2 is under construction. We expect that most data will be inserted by Q3/2022.

Global ozone-related air quality and weather data

❷

http://creativecommons.org/licenses/by/4.0/
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The TOAR Database Infrastructure documentation

https://toar-data.fz-juelich.de

❷

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


https://igacproject.org/activities/TOAR/TOAR-IIMartin G. Schultz
TOAR-II workshop, 16-18 Nov 2021

II

The TOAR Database Infrastructure documentation

User guides Technical guides

Detailed documentation
(gitlab pages)

❷

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
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Main changes in the TOAR Database version 2❷

• PostGIS database (supports geographic queries)
• Improved metadata schema:

o Data versioning & documented QC
o Better attribution to PIs, providers, etc (roles)
o Use of controlled vocabulary
o More flexibility to handle provider-specific metadata
o Automated workflows including statistical QC
o Station characterisation from higher resolution geospatial data

• Clear data license and data use policy (CC-BY 4)
• Provision of hourly data

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

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

Important consequence:
We must ask you (as data provider) for
consent that we may publish your data

under this license!
No consent = no data!

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

Application submitted in September 2021

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
https://www.coretrustseal.org/
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TOAR-II Data and Services Timeline

2022 2023
D J F M A M J J A S O N D

OpenAQ
UBA

Airbase

GAW + Americas
(AQS, CASTNET, 
NAPS, CAPMON, 
AIRMAP, other)

Asia
other

ERA-5
Consolidation

QC

Update time series (Q2/2023)

Consolidate
data

insertion
FAIR workflows
Data screening
Documented processing

Collect requests for API features

Implement new API features

Statistics
Data aggregation
Metadata, formatting, …

GUI development

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

3 TOAR-II data training workshops planned:
• May – July 2022
• One onsite event + 2 virtual events
• Hackathon style (lectures + hands-on training)
Program:
• Guided tour through database
• Use of REST API
• Develop Jupyter notebooks for data analysis
• Data aggregation and statistical analyses

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
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https://www.shadestation.co.uk/design
er-watches/Ice-Watch/Ice-Clock/Ice-
Clock--Wall-Clock-/IWF-RD

… if there is time, 
let us try out the REST API:

https://toar-data.fz-juelich.de/api/v2/

Example 1

Example 2

Example 3

stationmeta, list

stationmeta, single station

time series metadata

Example 4 ozone data, single station

http://creativecommons.org/licenses/by/4.0/
https://igacproject.org/activities/TOAR/TOAR-II
https://toar-data.fz-juelich.de/api/v2/
https://toar-data.fz-juelich.de/api/v2/stationmeta/
https://toar-data.fz-juelich.de/api/v2/stationmeta/CH0001G
https://toar-data.fz-juelich.de/api/v2/timeseries/5
https://toar-data.fz-juelich.de/api/v2/data/timeseries/5?format=csv
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