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TOAR-I 2014-2019

Tropospheric Ozone Assessment Report (TOAR)
Global metrics for climate change, human health and
crop/ecosystem research

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.
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TOAR-I publications in Elementa meme

https://
collections.elementascience.org/toa
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TOAR-| publications are highly cited

Web of Science: Citations per year
all TOAR papers

2017 2018 2019 2020 2021

Member or the HeImnaoltz Association

20022

fleac

U

LIC

arschungszentrum




ARTICLES nature

Oy p———— climate change

TOAR-I Fostering independent research

Dozens of independent studies have utilized the TOAR database
Global Burden of Disease
Global burden of 87 risk factors in 204 countries and k®
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Vegetation feedbacks during drought exacerbate
ozone air pollution extremes in Europe
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Rapid Increases in Warm-Season Surface Ozone and Resulting
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TOAR-Il Primary Goal and Scientific Scope

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

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 1)

Foundation: An enhanced data infrastructure based on open data and FAIR principles

Eﬂdble Acreqs:blp nteroperable Rausable

IJ JULICH
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Purpose of TOAR data:

To provide globally consistent
metrics for analyses of health,
vegetation, and climate impacts
from ozone air pollution

9 JULICH
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The TOAR Data 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

Tools, source code, and documentation

9 JULICH
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The TOAR Database

Current status as of 01 Sept 2022

stations: 20,100; time series: 81,231;
data records: 3,403,601,152

IGAC

You can also find and submit data of PM,, NO,
BC, various VOCs and meteorological variables.

Member ot the HeImnaoitz Association

14 siLicH



The TOAR Data Commitment

TOAR is fully committed to

We won a 2" price
I ) Open Data: all data collected in TOAR must i, the Germanp

be freely available with no use constraints Open Data Impact

FAIRness: make it easy to find, access, interoperate
@ 0 O @ and re-use TOAR data, also in other contexts

alnlalo elaborated metadata schema,; Res | -API;

Reproducibility: TOAR analyses shall be fully
reproducible, even when the database grows

Member or the HeImnaoltz Association



The TOAR Data REST API
https://toar-data.fz-juelich.de/api/v2

2.6 Search (combined endpoint of stations and timeseries)

This endpoint enables queries that filter for a combination of metadata of stations and timeseries.
Any combination of query options (except for id) from both 2.4 Stationmeta and 2.5 Timeseries is possible here.

Example from the TOAR Quick Start Guide:
https:/ftoar-data fz-juelich.de/api/v2/search/?bounding box=49,7 50,8&variable id=5,4&limit=None

The above command will get you all the time series within an area between 49°N 7°E and 50°N 8°E that record ozone or pm1.

JSON RawData Headers

Save Copy Collapse All Expand All (slow)

v 0:

id: 18776

label: =0

order: 1

sampling_frequency: "hourly”

aggregation: “mean of two values™
data_start_date: "1990-01-01701:00:00+80:00"
data_end_date: "2021-11-38714:00:00+00:00"
data_origin: “instrument”™
data_origin_type: "measurement™
provider_version: “N/AT

x IJ JULICH
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Summary of TOAR data resources

TOAR Data Portal

Thee Horme of Trooospherc Ozore Data

=
=

Data portal: hitps://toar-data.org

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

TOAR User Workshop 2022 Training material:
-« 1 https://go.fzj.de/toar-data-training
https://go.fzj.de/toar-user-qit

Event lookplace in on June 7324

Member ot the HeImnaoltz Association

__m; Access to data & documentation:

10AR
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Jupyter notebooks for TC

https://go.fzj.de/toar-user-git

@ esde * toar-publ

TOAR Data User Workshop 2022

T TOAR Data User Workshop 2022 &

Project ID: 4766 E‘.

< 31 Commits ¥ 1Branch & 0Tags E 4.3 MB Project Storage

AR analyses

10AR

fropospheric
ozone
assessment ”

+r Star 1 reportpw

main toar-data-user-workshop-2022 Find file

Niklas Selke authored & days

[® README = ¥ No license. All rights reserved

Name
B contributed
B3 pdf_exports

4 .gitignore

B 2022-02-Logo-TOAR-DataBase.p...

9 GettingStarted.ipynb

Member or the HeImnaoitz Association

:"} updated the map plot of all stations

Last commit

Add new directory

updated the map plot of all stations

added a .gitignore file and made some chan.

Upload New File

added saving to file to GettingStarted.ipynb

« -

2137cb51 [

Last update
2 months ago
6 days ago

2 months ago

3 months ago

2 months ago ‘
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BENEFITS

Why Jupyter is so popular among Data Scientists

Some of the reasons ...

Jupyter allows to view the results of the code in-line without the dependency of other parts of the code.

Jupyter mixes easy for users who extend their code line-by-line with feedback attached all along the way

Jupyter Notebooks support visualization and include rendering data in live-graphics and charts.

Jupyter is maintaining the state of execution of each cell automatically.

Supports IPyWidget packages, which provide standard user interface for exploring code and data
interactively.

Platform and language independent because of its representation in JSON format.

@) JULICH
Memper oT the Heimnaoltz Assaciation J Forschungszentrum



MOTIVATION
Rise of Jupyter’s popularity

Counting how many Monthly Active Users (MAU)
= In 2007, Fernando Pérez and Brian Granger announced on GitHub are using Jupyter Notebooks P

#
Jpython: a system for interactive scientific computing” [1] Jupyter )

[
= |n 2014, Fernando Perez announced 25 s -
a spin-off project from IPython called Project Jupyter.

Ba
o

o IPython continued to exist as a Python shell and a kernel for Jupyter,
while the Jupyter notebook moved under the Jupyter name.

-
o

= [n 2015, GitHub and the Jupyter Project announced
native rendering of Jupyter notebooks file format (.ipynb files) on the GitHub

Percentage of MAL
=

= In 2017, the first JupyterCon was organized by O‘Reilly in New York City.
Fernando Pérez opened the conference with an inspiring talk. [2] G

= In 2018, JupyterLab was announced
as the next-generation web-based interface for Project Jupyter. 0.0

= |n 2019, JupyterLab 1.0 ...

In 2020, JupyterLab 2.0 ...
In 2021, JupyterLab 3.0 ...

9 JULICH
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JUPYTER NOTEBOOK

creating reproducible computational narratives

s

Markdown Cells

\ A

Code Cells €—

[

Member or the HeImnaoltz Association

Fourier transform

Fourer are one of the in physics, which appear over and over agam in défierent contexts, ScPy
provides functions for accessing the classec FFTPACK library from NetLib, which is an efficient and well tested FFT Wbrary written in

FORTRAN. The SciPy AP has a few additional convenience functions, but overall the AP is closely refated 1o the oniginal FORTRAN lirary.

T use the FFepack module in a python program, include it using:

from numpy. FiT Import Fftireq
from scipy.fftpack import *

To demonstrate how to do a fast Founier transform wath SciPy, let's look at the FFT of the solution to the damped oscillator:
d'x dx 5

S b am— +agx =0

& Lok + o,

wihere X is the position of the oscillator. ax is the frequency, and { is the damping ratio. To write this second-order ODE on standard

farm we mtroduce p = 41

N = len(t)
@t - t[1]-t[e]
dt

¥ yd (s the = d orciltator froe the previous section
E < #5t(y2[:,8])

oloulate The freg
= Fefregin, dt)
Fig. a= - plt.subplots(figsize-(9,1})
ax . plotiv, sbs(F)l;

»  Output

¥ Output

/.

JULICH
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TERMINOLOGY
What is JupyterLab

JupyterLab E=
= Interactive working environment in the web browser P wn e [ —
= For the creation of reproducible computer-aided narratives S
= Very popular with researchers from all fields

= Jupyter = Julia + Python + R

Jupyter

JUPYLET vecume 0P

i

Multi-purpose working environment jupyter o
= Language agnostic
= Supports execution environments (“kernels”)

» For dozens of languages: Python, R, Julia, C++, ...
= Extensible software design (,extensions”)

= many server/client plug-ins available

= Eg. in-browser-terminal and file-browsing

Waicame o the —

Document-Centered Computing (“notebooks”)

= Combines code execution,
rich text, math, plots and rich media.
= All-in-one document called Jupyter Notebook

IJ JULICH
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JUPYTER-JSC WEBSERVICE

Start your JupyterLab

‘ SSh :
i a < ssh - tunnel

Terminal

b
JupyterLab
Client
Extension

browser

Member or the HeImnaltz Association

JupyterLa

b
JupyterLab
Server
Extension r

Jupyter
Notebook

Server

hpe cluster




JUPYTER-JSC WEBSERVICE
Start JupyterLab at JSC :

5 &= Terminal

JupyterLab

Client
Extension

JupyterLab

browser

JupyterLab

Client
Extension

JupyterLab

https

Jupyter-

Hub r

ssh - tunnel

JupyterLab

JupyterLab
Server
Extension

hpe cluster

Member or the HeImnoItzZ AsSsociation

browser

Unity-
IdM

=1 UNICORE

JupyterLab

JupyterLab
Server
Extension

Jupyter
Notebook

Server

hpe cluster




JUPYTER-JSC WEBSERVICE
Start JupyterLab at JSC

Qe Fon Powe Paow For Foem Feos ‘ it

Forschungszentrum
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JUPYTERLAB EVERYWHERE

JUST® (81 PB)

Storage

shared parallel storage across all clusters
users $HOME, $PROJECT, $5CRATCH, etc.
central installations of software packages

v

-

]

]

(7]

=

o

(9]

a

L.
JUWELS? JURECA-DC? JUSUF® DEEP*

In: 20 In: 24 In: 4 In: 8

cn: 3503 cn: 2840 cn: 205 cn: 141

no. login nodes = In
no. compute nodes =cn

[1] https://apps.fz-juelich.de/jsc/hps/juwels/configuration. html

[2] https://apps.fz-juelich.de/jsc/hps/jureca/configuration. html

[3] https://apps.fz-juelich.de/jsc/hps/jusuf/cluster/configuration. html

[4] https://www fz-juelich.de/ias/jsc/EN/Expertise/Supercomputers/DEEP-EST/_node.html

HDFML
In: 2
cn: 10

JUDAC

HDF-Cloud
(OpenStack)

[5] https://www fz-Juelich.de/ias/|sc/EN/Expertise/Datamanagement/OnlineStorage/JUST/Configuration/Confliguration_node.htmi

Member or the HeImnaoltz Association 2

JupyterLab everywhere
0 JupyterLab on HDF-Cloud

e JupyterLab on login nodes

9 JupyterLab on compute nodes

Forschungszentrum
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JUPYTERLAB EVERYWHERE

NO internet access JupyterLab everywhere

0 JupyterLab on HDF-Cloud

9 JupyterLab on login nodes

JUST® (81 PB)

shared parallel storage across all clusters
users $SHOME, $PROJECT, $5CRATCH, etc.
central installations of software packages

9 JupyterLab on compute nodes

HDF-Cloud

(OpenStack) 3
JUWELS!  JURECA-DC? JUSUF? DEEP* HDFML Internet access
In: 20 In: 24 In: 4 In: 8 In: 2
cn: 3503 cn: 2840 cn: 205 cn: 141 cn: 10

no. login nodes = In
no. compute nodes =cn

[1] https://apps.fz-juelich.de/jsc/hps/juwels/configuration. html
[2] https://apps.fz-juelich.de/|sc/hps/jureca/configuration. html

[3] https://apps.fz-juelich.de/jsc/hps/jusuf/cluster/configuration. html P
[4] https://www fz-juelich.de/ias/jsc/EN/Expertise/Supercomputers/DEEP-EST/_node.htmil ‘ J U L I c H
[5] https://www.fz-juelich.de/ias/jsc/EN/Expertise/Datamanagement/OnlineStorage/JUST/Configuration/Conflguration_node.heml

Member or the HeImnaoitz Association 2 Forschungszentrum



HISTORY OF JUPYTERLAB AT JSC

2018 2019 2020 2021

Initial Basis Usage Features Redesign
JupyterLab module & installation Inplace Dokumentation Remote Desktop Integration Switch to Kubernetes
Authentication via Unity/IdM R, Julia, C++, Octave, Ruby Optional 2-Factor Auth. Switch to JupyterLab 3
Authorization via UNICORE JupyterLabs on OpenStack Use for Workshops GPFS through UFTP
Orchestration with Docker Swarm  Dashboard Development Specialized Functionalities Redesign Management
Synchronization of User-DBs JupyterLab Usability Enhanced Data Access Support for User Extensions
Basic Data Protection Regulation Kernel for Vis, DL Extended Logging Easybuild Modularization
Fulfill Safety Requirements Testing & Benchmarking Cross-Side Demonstration

JLab Beta JLab 1 JLab 2 JLab 3

9 JULICH
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HISTORY OF JUPYTERLAB AT JSC

Jupyter-ISC Usage
(7-2021 -1-2022)

displayed per calendar week Redes ig n

] 48 49 S0 S1 52 1 2 3 4 s

a6 47
| 5essions @ Unique Users

JLawv <

Initial Bas|

itch to Kubernetes
itch to JupyterLab 3
PFS through UFTP
Edesign Management

JupyterLab module & ingl.
Authentication via Unity/l
Authorization via UNICQOls00
Orchestration with Docke
Synchronization of User- i

Basic Data Protection f 200
Wl
L

Fulfill Safety Requireme
JLab Beta

pport for User Extensions
sybuild Modularization

39 40 41 42 43 A4 A4S

37 38

T —
~ —
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JUPYTER EXTENSIONS

Some general information

List the installed JupyterLab extensions

= Open the Launcher

= Start a Terminal

= Runcommand jupyter labextension list

Extensions are installed in
JupyterLab’s Application Directory, which
= stores any information that JupyterLab persists
* including settings and built assets of extensions
= default location is <sys-prefix>/share/jupyter/lab
= can be relocated by setting $JUPYTERLAB_DIR N s
= contains the JupyterLab static assets
= (e.g.static/index.html)

= JupyterLab < 3:
any change requires a rebuild of the whole JupyterLab
to take effect!

= JupyterLab >= 3:

introduced prebuild extensions, which are loaded at startup time ' I J U L ' c H
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JUPYTER-JSC EXTENSIONS
Installed by default

IPyVolume JupyterLab-Git
3d plotting for Python in the Jupyter notebook JupyterLab extension for version control using Git
based on IPython widgets using WebGL [~ - 1

/github.com/jupyterlab/jupyteriab-git
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JUPYTER-JSC EXTENSIONS
Installed by default

JupyterLab - Visual Debugger
JupyterLab 3.0 now ships with a Debugger front-end by default.

This means that notebooks, code consoles and files can now be debugged

from JupyterLab directly! For the debugger to be enabled and visible, a kernel
with support for debugging is required.
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https://jupyterlab.readthedocs.io/en/stable/user/debugger.html
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JupyterLab-toc

A Table of Contents extension for JupyterLab.

This auto-generates a table of contents in the left area when you have a
notebook or markdown document open.The entries are clickable, and scroll
the document to the heading in question.
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JUPYTER-JSC EXTENSIONS
Installed by default

PyThreedS IPyLeaflet
A Python / ThreeJS bridge utilizing the Jupyter widget infrastructure. A Jupyter  Leaflet bridge enabling interactive maps in the Jupyter notebook.
https://threejs.org - lightweight, 3D library with a default WebGL renderer.
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https://github.com/jupyter-widgets/pythreejs https://github.com/jupyter-widgets/ipyleafiet
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JUPYTER KERNEL & = -
How to create your own Juypter Kernel !

Jupyter Kernel
A "kernel” refers to the separate process P

JupyterLab
|
‘ JupyterLab
hﬂps Jupyter- - JupyterLab
» Hub ssh - tunnel st
Extension

Unity- L1 nicoRre > Notebook
IdM
browser Server

JupyterLab
Client
Extension

hpc cluste

You can easily create your own kernel which for example
runs your specialized virtual Python environment.
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JUPYTERLAB - WEBSERVICE PROXY

Extension: jupyter-server-proxy

JupyterLab
JupyterLab t
‘ https > Juﬂ?ﬁ? g ssh - tunnel Jugpseyl;:.rab
JupyterLab I ‘ Extension
Client
Extension 3

. upyter
U,E:,,y = UNICORE & Notebook

Server

Allows to run arbitrary external processes

= alongside a Jupyter notebook, and provide authenticated web access to them.
."""‘-.
= launching users into web interfaces that have nothing to do with Jupyter. Jugaen.ab Extension VWebAnn Il

.JUpYIEr-server-proxy”

= access from frontend javascript to access web APls

—_— - Turbulent mixing with variable density,
subset of 1939x600x3584 grid points, Michael Gauding, CORIA
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QUESTIONS?

https://jupyter-jsc.fz-juelich.de
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. SUPERCOMPUTING IN YOUR BROWSER
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