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The Young Hydrologic Society (YHS) Is a bottom -up Initiative to
stimulate the interaction and participation of young hydrologists
within the hydrological community.

Founded in October 2012, the YHS is currently run by a team of
PhD’s and post-doc’s from several universities across the world.

For more info, please visit our website! https://younghs.com
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What i1s DataViz?

“DataViz’ = Data Visualization

graphical representation of
scientific data

Global mean sea level rise relative to 1900
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Source: IPCC ARG6 Synthesis Report, Climate Change 2023

“InfViz” = Information Visualization

graphical representation of scientific
concepts, incl. abstract concepts
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Brief history of DataViz

E B z Sign in Home News Sport Reel Worklife Travel Future Culture L) Q Search BBC

IDEAS T

Five charts that
changed the world

Q@ s5:57 | 257K VIEWS

Data visualisation helps us to understand the world. It also has the
power to change it. Narrated by Adam Rutherford.

Animated by Adam Proctor, 22 March 2023

e Made in partnership with
ROYAL
SOCIETY  the Royal Society (7!

More v

[Z) Open Transcript <, Share

{5 Like (17) -+ Add to saved videos

bbc.co.uk/ideas/videos/five-charts-that-changed-the-world/p0fb69c1




1. DataViz: how to

Edoardo



Why DataViz?

Visualizing data helps us to
comprehend huge amounts of
Information by compressing them
Into a simple, easy to understand
visualization.

It helps us to find hidden patterns
or see underlying problems in the
data itself which might not have
been obvious without a good
chart.

Alberto Cairo £
@AbertoCairo

Don't trust summary statistics. Always visualize your
data first robertgrantstats.co.uk/drawmydata.html|

N = 157 ; X mean = 50.7333 ; X SD = 19.5661 ; Y mean = 46.495 ; Y SD = 27.2828
Pearson correlation = -0.1772
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Why DataViz?

We use DataViz to understand our data and
communicate them to the audience.

The goal of a DataViz is to convey information in
a clear and concise format.

The human brain processes information better
and quickly when it is presented visually.



How to DataViz

Good DataViz: Bad DataViz:

e Correct e Misrepresent the data

e Effective e Use Inappropriate data

e Accessible e T00 much or too less information
e Inconsistent
e Ignore limits of human perception

10



How to DataViz

Before you DataViz, think:

Purpose
visualization?
Audience
Medium

Tools

Message

Critical approach

Why am | making this

Who am | making it for?
How will | use and share it?
What can | use to make it?
What story does it tell?
Who does it affect? Who is left out?

11



Choosmg the right plot type

CATEGORIC RELATIONAL TIME SERIES
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Useful resources:
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Source: datavizuniverse.substack.com



Graphical elements of a plot

Marks and their
attributes are the
building blocks of all
data visualizations.

Marks: Attributes:

e Points e Size

e Lines e Shape

e Areas e Orientation
e \Volumes e Colour

W I
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Graphical elements of a plot

Marks and their
attributes are the
building blocks of all
data visualizations.

Alone, they are not
sufficient to convey the
message

14



Graphical elements of a plot

AXIS

Axis label(s)

Axis title(s)

Grid lines & ticks

Title

Caption

Data labels

Layout (blank spaces)

Workshops on DataViz make people happier

+100 - #EGU24
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lifetime

Attend the SC6.9

[ at EGU24 and learn

how to make correct,

| effective and

accessible DataViz

allright, your choice!

FIGURE 1: Predicted happiness for the two categories
analysed in this study (i.e., attendees and non-attendees
of the Short Course 6.9 ,DataViz"“.




Choose the right font type

this is the “serif”

SansSerif

Sans-Serif font types are: Font size: at least 9p on

e more clean paper, 18p on screen

e |ess formal
e |ess affected by poor resolution
e Dbetter readable?

16



Choose the right font type

Choose the right font type Arial
Choose the right font type Calibri
Choose the right font type Verdana
Choose the right font type Times
New Roman
Choose the right font type

Georgia
Choose the right font type Courier New
Choose the right font type Comic

Sans 17 &:"s



Layout (single graph)

Individual chart elements
(including the spatial
arrangement) work together
to reinforce a unified
takeaway message.

Use layout and annotation to
highlight and guide the
reader.
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Layout (multiple graphs)

Improper arrangement of

graph elements can confuse
and/or mislead the readers.

19




Layout (multiple graphs)

Improper arrangement of

graph elements can confuse

and/or mislead the readers.

e Make it Intuitive to the reader

20



Layout (multiple graphs)

Improper arrangement of
graph elements can confuse
and/or mislead the readers.

e Make It Iintuitive to the reader O

e Use layout to set priorities

PAANN

bl N




Simplicity vs creativity

Keep it simple! TEE “& Ceree
e Do not overload 2 A o
e Aim to one clear message vs many /LN - g‘g

e “Must have” vs “nice to have”

Or help the reader navigate the graph g

e Split the content into n figures or sub-figures = mm o

e Create a hierarchy/sequence (group, ’
highlight, annotate, ...)



Simplicity vs creativity

Beyond data plots, there are many more types of scientific
visualization (posters, presentations, brochures, graphical
abstracts, videos, web platforms, ...)

When we visualize scientific concepts rather than data:
e More creative approaches are accepted/recommended

e Different rules apply there

23



Golden rules for good DataViz

Choose the right font type:
Sans-Serif

The text should be readable (use different font
sizes to convey a hierarchy)

Choose colours
wisely!

Keep it simple, do not overload
(must-have vs nice-to-have)

Labels and legend
concise and
iInformative, avoid
redundancy, when
possible position the
data labels near the
data rather than in a
separate legend

The axes should be clear
and self-explaining

Choose the most
appropriate plot type

Think before DataViz

Use layout and
annotation to
highlight/guide

&

’s



Useful resources

Choose the right plot type, get
iInspired etc...

C

O
O
O

C

ata-to-viz.com
ataviz-inspiration.com
atavizuniverse.substack.com
atavizcatalogue.com
atavizproject.com

s-ink.org
datawrapper.de

Follow the experts:

yan-holtz.com
albertocairo.com
lisacharlottemuth.com
fabiocrameri.ch



2. Colour schemes

Paola



Colour In scientific visualization

Choose the right color scale for the right reason!

Sequential (0, 1, 2, 3...)

Diverging (-2, -1, 0, 1, 2) lllW |||H| ||

Cyclic

Categorical ! S“c f"

27



Diverging and sequential color scale

A diverging color scale indicates a relevant change-point.

A sequential color scale Is needed when there is no change-
point but you would like to highlight a mid-point.

Diverging values with relevant Non-diverging values indicate
mid-point a mid-point that is not there

2 Met Office : #
April 2022




Diverging and sequential color scale

Selecting a sequential color scale: Tint & Shade Generator
(https://maketintsandshades.com)

Tint & Shade Generator

Enter hex colors (separated by spaces)

aaaaaaa

29
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https://maketintsandshades.com

Categorical color scale

Categorical colors for

data visualizations Your COlOrS Shou Id be

defined by Eurofound.

EF LEAF EF AQUA EF ROSE

eomm | om e distinguishable at every
size you'll use them In
iperbng g plapeeniny and when you print

them in black and white.

CMYK: 63.81.0.0 CMYK: 6.29.85.0 CMYK: 11.87.100.2

Use saturation and lightness to R
IESEN el

. . ! I
create new and more interesting imi T
colors for your plots.

NOT IDEAL BETTER

Source: https://blog.datawrapper.de/colors-for-data-vis-style-guides/ and https://blog.datawrapper.de/beautifulcolors/ 30 %“s



Categorical color scale

If possible, avoid pure colors: to
make your colors look more
I Ill III Ill III natural and pleasing to your
ol , _
readers’ eyes, you can either
tone down the saturation of pure
colors or make them darker.

More info on how to pick more beautiful colors for your data
visualizations: https://blog.datawrapper.de/beautifulcolors/

Source: https://blog.datawrapper.de/colors-for-data-vis-style-guides/ and https://blog.datawrapper.de/beautifulcolors/ 31 %
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https://blog.datawrapper.de/beautifulcolors/

Colour In scientific visualization

Please, check your colors!

Color combinations to avoid:

be an option);
e Pink, turquoise and grey

e Red - orange - brown - green (red - blue could
e Purple and blue

O O

e https://www.color-blindness.com/

e R package colorblind

Check your figures:

BETTER

NOT IDEAL

Source: https://blog.datawrapper.de/beautifulcolors/

e https://contrastchecker.com/

) s

4
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Colour In scientific visualization

Avoid rainbow and jet color scales, they lead to uneven color

perception!

Hydrol. Earth Syst. Sci., 25, 4549-4565. 2021 Hyd FO|Ogy and
https://doi.org/10.5194/hess-25-4549-2021 -

© Author(s) 2021. This work is distributed under Earth System
the Creative Commons Attribution 4.0 License. Sciences

(GO0

Rainbow color map distorts and misleads research in hydrology -
guidance for better visualizations and science communication

Michael Stoelzle' and Lina Stein®

! Faculty of Environment and Natural Resources, University of Freiburg, Freiburg, Germany
2Department of Civil Engineering, University of Bristol, Bristol, UK

Correspondence: Michael Stoelzle (michael stoelzle @ hydro.uni-freiburg.de)

Received: 27 February 2021 - Discussion started: 9 March 2021
Revised: 21 June 2021 ~ Accepted: 30 June 2021 — Published: 24 August 2021

Crameri et al, 2020, Nature communications

original
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Colour In scientific visualization

Avoid rainbow and jet color scales, they do not guarantee
accessiblility to Color Vision Deficiency (CVD)!

Rainbow T mw normal vision color vision deficiency

<« IE 1
@0 O~ @
@O O+ @

& ]

Rainbow with color vision deficiency

Source: Stoelzle and Stein, 2021, HESS 34
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Colour In scientific visualization

What are the alternatives?

With color vision deficiency

EABEBEC sf

@

Original

WA

BEAEBEC

Source: Stoelzle and Stein, 2021, HESS
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Colour In scientific visualization

What are the alternatives? Avoid color use, if not necessary

With color vision deficiency

@

Original

WA

BAEBBMEC

Source: Stoelzle and Stein, 2021, HESS

a. Line width

DAY

b. Line type

c. Line width + line brightness

36
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Colour In scientific visualization

What are the alternatives? Avoid colors and improve labels

With color vision deficiency

EABEBEC zzf

@

Original

WA

BAEBMEC

Source: Stoelzle and Stein, 2021, HESS

>

a. Line width

DAY

b. Line type

c. Line width + line brightness

d. Point shapes

A%

e. Direct labels (instead of a legend)

C
A B
f. Ordered labels
\ ~ A
ﬁ \ \ i
Z - C
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Colour In scientific visualization

Online resources: Colorbrewer (colorbrewer2.org)

Number of data classes: | 3 v I8l how to use updates downloads @ credits

ature of your data: I
O sequential @ diverging O qualitative _ Smm——s

Pick a color scheme:

g

0 o i | 3-class BrBG
® colorblind safe D T):Q -4 O
LIpIRemeey HEX v

[ photocopy safe >
5 . #d8b365

R

RColorBrewer

<\ MATLAB

BREWERMAP Function

Context:

#f5f5f5
O roads i
O cities #5abdac
borders
Background:
@ solid color palettable
O terrain

n
color transparency



https://colorbrewer2.org/

Colour In scientific visualization

Online resources: Coolors (https://coolors.co) - a color palette
generator.

.....



https://coolors.co

Interesting examples

Graphic detail

The Economist January 5th 2019 69

The bias favouring Republicans in the House

of Representatives vanished in 2018

Share of seats minus share of popular vote
Democratic Party, percentage points

4 Republicans
over-represented

1994 2000 3 n

America’s House of Representatives
The failure of
gerrymandering

How educated, suburban whites ended
the over-representation of Republicans

E VER SINCE district borders in America’s
House of Representatives were redrawn
in 20n, Republicans’ share of seats has ex-
ceeded their proportion of the vote. In 2012
Democrats won 51% of the two-party vote
but just 46% of seats.

The Congress that began on January 3rd,
however, has no such imbalance. Demo-
crats won 54% of the total two-party vote—
and also 54% of House seats. Whatever be-
came of the vaunted pro-Republican bias?

Republicandominated
edricung i 201

Democratic gains among educated, s

suburban whites

@ party’s votes y

Democratic seat gains in 2018

Rural  Sububan  Urban

18

to protect Republicans. In 2018,
Democrats won anyway

Vote margin, by precinct, %

| 0
0 50 100

icans still won
middie-class exurbs like
Milford and Highland, but
with reduced margins

Republican mapmakers
gerrymandered around
plurality-black Pontiac to
include Troy. a rich suburb

by education. In presidential contests the
most influential voters are whites without
college degrees, who cluster in “swing”
states. By contrast, in House elections,
white college graduates are unusually
valuable, congregating in suburban dis-

Popuiation per square mile

igan's 11th district was gerrymandered

College minus non-college,
% of whites aged 25+

15 seats 15
10 1
5 5
0 0
Cless more >
educated educated

2018

——

In 2018, Troy

flipped to the
Democrats

didates. Because Democrats were already
competitive in suburbs, they needed only
small swings. They won 13 of the 15 Repub-
lican-held districts where a majority of
white voters have college degrees. That
made the Democratic vote more efficient.

trict

Donald Trump has rearranged Ameri-
can politics, by courting working-class
whites and alienating educated ones. That
helped Republicans win the presidency. It
should have hurt them in the House. But in
2016 the party got the best of both worlds,
because many conservative whites with
degrees split their tickets, In states whose
presidential winner was never in doubt,
they chose Hillary Clinton. But perhaps be-
cause they expected her to win and wanted
a check on her power, they backed House

icansin ided district

That changed in 2018, when educated
hites i

America’s political geography is shaped

wl House can-

1n 2016 the party won 17 seats by single-dig-
it margins; this time they took 40.

And what about gerrymandering, wide-
ly thought to protect incumbents? Republi-
cans did draw the borders of more districts
than Democrats did. But they only ran the
process in 37% of seats. Of the 42 seats the
party lost, it had gerrymandered just nine.

Those nine seats, however, show that
extreme gerrymandering is risky. Many Re-
publican mapmakers tried to neutralise
Democratic voters by burying them in sub-
urban districts full of educated whites.
They never imagined that this ruse would
backfire, but Mr Trump drove these once-
loyal Republicans into Democrats’ arms. @

Graphic detail Opinion on Brexit

The Economist February 23rd 2019 93

> Views on Brexit have barely shifted since 2016, but leavers are split over Theresa May's deal

Remain in the EU

Vote in 207 election
byleave/remain, %

i

Most likely remain supporter
A

Leave with May's deal
24%

Vote in 2017 election Curnent
byleaveiremain, % choice

Most likely deal supporter

Leave with no deal

7%
Vote i 207 ebection Cument
by leave remain, % choice

Most likely no-deal supporter

£50,000 e has e

intesested in politics, and vated Labour in 2015 and 2017

94% lkelihood of supporting remain

- Age and education strongly predict current views on
remaining in the EU, but not on May’s deal versus no deal

interestin politcs, and voted Conservative in 2015 and 2017

politics, and voted UKIP in 2015 and Conservative in 2017

- More politically engaged voters, particularly men,
prefer remain or no deal to May’s compromise

Age,years @5 Education fon Political engagement o Sex wn
Namain
. 2 Remain @
Remain Remain
Nodesl 4 W — —tme o
i b—%
) » Dl 0
0 0 B )
» © @ 0 “No Post-graduate > ] s 0 Femmale Male
“Yourg o4 cuifictiors egree “low [
The centre Late last year YouGov, a pollster, asked In contrast, fans of Mrs May's deal have
90,000 Britons if they preferred Mrs May’s  less in common with each other. The high-
cannot hold accord, leaving without a deal or staying in et chance the model gives to a respondent

A polarised electorate has little desire
for the government’s compromise

FTER 52% OF Britons voted to leave the
EU in 2016, stunned observers won-
dered when and how Brexit would occur.
The picture is scarcely clearer today. In Jan-
uary Parliament rejected the withdrawal
pact agreed on with the £u by Theresa May,
the prime minister. Yet a majority of mps
oppose leaving without a deal. And neither
Mrs May nor Jeremy Corbyn, the opposi-
tion leader, backs a second referendum,
which could undo Brexit altogether.
Eventually the public will have its say
on the handling of Brexit, be it in a referen-
dum or a general election. Voters are out-
raged. In a recent poll, 75% of respondents
said that "politicians are not up to the job”.
Yet voters are as split as Parliament is.

the EU. Just as in 2016, a narrow majority of
those expressing an opinion wanted to de-
part. Few have changed their minds: 90%
of i

backing it is just 58%. That will make them
harder to target in get-out-the-vote efforts.
Moreover, rather than sitting between

and84%
vote the same way today. However, leavers
have split over Mrs May's plan, with 24% of
respondents supporting it and 27% choos-
ing no deal. Among leavers from her own
party, 55% prefer nodeal to her plan.

Using YouGov's data, The Economist has
built a model of the odds of each respon-
dent backing each Brexit option. The refer-
endum divided Britons by age, income,
schooling and party: old, poor Tories with
little education chose to leave, while rich
young Labourites with degrees wanted to
remain. Based on these variables, the mod-
el reliably identifies both no-dealers and
remainers. People with the most remain-
friendly profiles were 94% likely to pick re-
main, and those with the most anti-Eu
traits were 90% likely to want no deal.

dealers and iners on age, income,
schooling and party, deal supporters look
like no-dealers, with two exceptions: inter-
est in politics and ¥ chromosomes. Men
who follow politics closely prefer the ideo-
logical end-points of leaving with no deal
or remaining. Women, especially those
who mostly ignore politics, are more open
tothe deal. Sadly for Mrs May, people bored
by politics are also unlikely to vote.

Mrs May hoped her deal would be seen
as a fair compromise between EU member-
ship and a hard Brexit. In fact, the issue is
sodivisive that her plan is the least popular
choice. The prime minister says she op-
poses a new referendum out of respect for
the voters’ verdict in 2016. Another pos-
sibility is that she fears what would happen
ifthe people did vote on her plan. ®

The Economist March 23rd 2019 81

Graphic detail Happiness economics

Self. -
igh
o
GOP per person v self-reported happiness 0105cale
5 countries with adult population aves Sm s
per per L high
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200508 —e 201518 ¥ European countries, o s
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Pogulation, m

 Adecade ago Venezuels was among.
0+ the happiest countries i the worid, but Uniied
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widespread misery

[

00 100500

+ India's GDP per person has
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SOURCE:
https://infographics.economist.com/2
019/AChristmasGiftForYou/AYearinG
raphicDetalil.pdf
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Interesting examples
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Interesting examples

O

Fabio Crameri @fcrameri - Jun 14, 2023
Scientific colour maps 8.0

fabiocrameri.ch/colourmaps

#useBatlow

#ScientificVisualisation #visualisation #Science #ColourPalette #DataVis

#GraphicDesign

#0OpenSource #Accessibility #Colour #AcademicCommunityContribution

#ACC
1/n

/

Sequential gradients

satovw otiouk

o Continucus paleties

s
l. g’ H

5
H

———— Discrete palaties

Cotegorical pateties

Perceptuclly snitorm
Perceptoily ordered
Colaur-vision deticiency friendly
Reodable in blockd white

1333
)

"
: A

octen

Widety compatible
Accomible and free
Versioned & citoble

FAAARAR

EF EF EF

www.fabiocramerich/colourmaps

8 the community. for the community.

hd
Diverging gradients

. . -‘m. -'.-

ssbn 'i“ berin
.u“ - ' -

vamo in
hd
Cyclic gradients
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Scientific

Federica Fragapane
@fedfragapane

Information designer based in Italy. Works in the Permanent Collec '

& instagram.com/federicafragap...

© Turin—Milan 2 be.net/FedericaFragap... Joined July 200

1,053 Following  20.2K Followers

Nadieh Bremer
@NadiehBremer

Data Visualization Artist (+ graduated Astronomer <) with a love for Data &
Generative Art | e

shop.visualcinnamon.com

® Amsterdam, The Netherlands (2 VisualCinnamon.com
Iscrizione: gennaio 2011

579 following  47.641 follower
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Colour In scientific visualization

Do we even need a fixed color palette for our data visualizations?
This choice is up to you!

There are lots of good reasons to set colors in your data vis style
guide. Once a good color palette is decided:

e visualizations will look more consistent no matter which tool
you're using to create them;

e you and your team members will be able to think less about
colors while creating charts for your works;

e consistent colors can look better than what you would choose
In the three minutes before a deadline.

Source: https://blog.datawrapper.de/colors-for-data-vis-style-guides/ 43



Colour In scientific visualization

Not having a strict color palette i1s an option, too.

There are good reasons for it, e.g. when it's not important that

your visualizations have a strong visual identity, for whatever
reason.

In this case, choose the colors following the basic principles of
data viz!

Source: https://blog.datawrapper.de/colors-for-data-vis-style-guides/

Y
44 &H
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3. Publication compliance

Edoardo



Rights, Permissions & Licenses

Open Access vs Subscription-Based

Creative Commons Attribution 4.0 International (CC BY 4.0)

e Share (copy and redistribute the material in any medium or format)
e Adapt (remix, transform, and build upon the material for any purpose, even commercially)

Under the following terms:

You are free to:

e Attribution (you must give appropriate credit, provide a link to the license, and indicate if

changes were made. You may do so in any reasonable manner, but not in any way that
suggests the licensor endorses you or your use)

e No additional restrictions (you may not apply legal terms or technological measures that
legally restrict others from doing anything the license permits) g
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Rights, Permissions & Licenses

Open Access vs Subscription-Based

Who owns the copyrights? Most likely not you (the author)...

You must get permission from the publisher!

(Copyright Clearance Center’s RightsLink® service)

e During the publication process, authors may be asked to sign the publisher's "Copyright

Transfer Agreement."
e Read the terms of the Copyright Transfer Agreement or Exclusive License Form

e When in doubt, ask for support!
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Copernicus Publicatlo

The Innovative Open Access Publisher

Sarah Schneemann & Natascha Topfer

DataViz from the publ
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4. DataViz with R

Debasish



Detalls of Large-Scale Geospatial Analysis

Contact Detaills:

Data Visualization and Geospatial Analysis debmishra@tamu.edu
With R

S 1

Thinking Parallel: High
Performance Computing (HPC)
for Researchers

Debasish Mishra
Doctoral Research Student @ Vadose Zone Research Group, Texas A&M 3 articles
U

niversi ty | ESIP Community Fellow | Silver Medalist @IIT Kgp



https://rpubs.com/Vinit_Sehgal/lgar23
mailto:debmishr@tamu.edu

5. DataViz with NCL

Roshanak



NCAR Command Language (NCL)

NCL is an interpreted language designed for
data analysis and visualization.

NCL is open source; It is available for MacQOS,
Linux, and Windows systems running the
Windows 10 Linux subsystem.

It supports NetCDF, GRIB, Shapefile, etc.

There are a lot of useful built-in functions.
It’s got many graphic resources, and high
qguality graphics can be created.
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NCAR Command Language (NCL)

Examples and Application

Scatter plot
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NCAR Command Language (NCL) \r;;j*

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
aaaaaaaaaaaaaaaaaaa

Where and how?

ME o Go to this address:
==";'=°=°5===-5= ; https://www.ncl.ucar.edu/

Applications and examples:  https://www.ncl.ucar.edu/Applications/
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Thank youl!

Edoardo Martini (University of Leipzig, Germany)
Paola Mazzoglio (Politecnico di Torino, Italy)
Epari Ritesh Patro (University of Oulu, Finland)
Roshanak Tootoonchi (University of Trento, Italy)
Debasish Mishra (Texas A&M University, USA)

Young younghydrologicsociety@gmail.com
. www.younghs.com
\Hyd rologic ¥ @younghydrology

Society



