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TOAR-II reaches out to the 
international scientific 

community 

TOAR-II will provide an updated 
state of the science estimate 
of ozone’s global distribution 

and trends relevant to climate, 
human health and vegetation

TOAR-II in a nutshell – the relevance of data for TOAR-II

TOAR-II continues the 
successful work of TOAR-I

and lasts until 2024 TOAR-II will provide updated 
and extended metrics on 

tropospheric ozone.

TOAR-II will further enhance 
the TOAR data portal and web 

services
TOAR-II will extend the 

statistical toolbox and trend 
analyses

TOAR-II will maximize 
exploitation of the TOAR 
Surface Ozone Database
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The TOAR database: foundation of the first assessment

Schultz et al., Elementa (2017)

Unique collection of global 
long-term surface ozone
observations:
Now > 13,000 sites from
15 networks and many
individual contributions

> 30 ozone metrics
directly accessible
from database

~350 users

https://join.fz-juelich.de
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TOAR database: new content for TOAR-II

Extend ozone time series to 2022 
and extend coverage

Add ozone precursor and
meteorological data

Provide new statistics
(e.g. linear trends, flux calculations)
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The TOAR data centre: more than a database

NEW NEW
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Design of a new TOAR data portal

Make it easy to find 
ozone datasets

https://toar-data.org
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Design of a new TOAR data portal https://toar-data.org

Goal:
Provide easy access to
tropospheric ozone
datasets

Example: Ozone sonde & LIDAR data

Direct link to data (as direct as possible)

Descriptive text with link to home page

Link to REST API (if available)

Contact form or email (if available)

Data use policy (if available)
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TOAR data publications https://b2share.fz-juelich.de

We can now issue dataset
dois for your data


You get a citeable reference
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TOAR database: technical enhancements

Performance and functionality
enhancements

Implement FAIR and
Open Data principles

Improved data model and new REST API

Obtain Core Trust Seal certification
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optional data
publication

with doi

data provider

web access to
data and
metadata

Initial submission

TOAR database: improved workflow and metadata

ingest data
into staging

database

release data

store and
archive raw

data

pre-screening

assign DOI

store
processing log

data quality
check 1

data OK?

move data to
TOAR DB

re-submission

no

yes

e-mail
data

quality
report

data quality
check 2

create
B2SHARE 

record

data doi
wanted?

yes

no

automatic

manual

Legend

controlled
vocabulary

harmonize
metadata and
data format
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TOAR-II will make use of more and higher-resolution 
geospatial datasets

Such global datasets have turned out to be very useful for
a globally consistent station characterisation

Source: IntelliAQ proposal

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


https://igacproject.org/activities/TOAR/TOAR-IIMartin G. Schultz on behalf of the TOAR-II SC
TOAR-II Quickstart Event (virtual), 16 Sept 2020

II

TOAR-II will integrate thousands of additional measurements
from OpenAQ

• Primarily gov’t sources

• ~594 million total measurements
~600,000 added daily

• 12000+ stations in 93 countries

• Data accessible via API, csv files, user-
customized files / basic visualizations via 
openaq.org
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 Challenges:
 Full / historical OpenAQ dataset stored as JSON dumps on 

Amazon S3 cloud data storage (API access only for last two 
years)

 Data mapping from source service (OpenAQ) to target service 
(TOAR database) is required

 Solution:
 Use an intermediate PostgreSQL database for data staging

 Parse daily real-time JSON dumps into PostgreSQL

 Extract stations and parameters from parsed JSON records

 Create Timeseries in TOAR database based on station and 
parameter

 Match real-time data to Timeseries and import data

 Workflow automation with Apache Airflow

TOAR-II will integrate thousands of additional measurements
from OpenAQ

TOAR Database Infrastructure

data access
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TOAR-II Data infrastructure roadmap

2020 

• Design data infrastructure
• Bring data backend online

2021

• Optimize performance
• Design web services for TOAR-II
• Receive first data submissions(*)

2023 

• Generate final products
• Publish data products

2022 

• Implement web applications
• Receive data submissions
• Update large network data
• Generate sample products

(*)limited datasubmissionsarealwayswelcome

II

2024
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Quick links

TOAR-I

TOAR-II

Web interface to database: https://join.fz-juelich.de
REST API for software access to database: https://join.fz-juelich.de/services/rest/surfacedata/
Pre-compiled data products:  https://doi.org/10.1594/PANGAEA.876108
Git repository with (very limited) software: https://jugit.fz-juelich.de/m.schultz/toar-public-utilities

TOAR data portal: https://toar-data.org/
Web interface to database: https://join2.fz-juelich.de (TBD)
REST API for software access to database: TBD
Pre-compiled data products: https://b2share.fz-juelich.de/communities/TOAR
TOAR data publications: https://b2share.fz-juelich.de/communities/TOAR
Git repository: https://gitlab.version.fz-juelich.de/toar (currently only internal use)
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