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Somewhere Over the Rainbow:
How to Make Effective Use of Colors
in Meteorological Visualizations

Reto Stauffer
http://hclwizard.org


http://hclwizard.org

Introduction

Color:
* Integral element in graphical displays.
* Easily available in (statistical) software.

* Omnipresent in (electronic) publications: Technical reports,
electronic journal articles, presentation slides.
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Introduction

Color:
* Integral element in graphical displays.
* Easily available in (statistical) software.

* Omnipresent in (electronic) publications: Technical reports,
electronic journal articles, presentation slides.

Problem: Little guidance about how to choose appropriate
colors for a particular visualization task.

Question: What are useful color palettes for coding qualitative
and quantitative variables?
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Introduction

Main goal of our work:
* Raise awareness of the issue.

¢ Introduce Hue-Chroma-Luminance (HCL) model.

* Based on human perception.
* Better control for choosing color palettes.

* Provide convenient software for exploring and assessing
HCL-based palettes.

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12



M universitat
™ innsbruck

Common Sense
Using Red-Green-Blue Based Color Maps



RGB Rainbow

Green

yZ

Red » Blue

RGB color space: And the (in)famous rainbow color palette.
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RGB Rainbow

ol o RGB rainbow

Red B~Iue

RGB color space: And the (in)famous rainbow color palette.
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RGB Rainbow

RGB rainbow RGB rainbow spectrum
1.0
0.8
0.6
04 7 Red
Green
02 7 Blue
0.0 O Desaturated

I e
E T

1.0

0.8

0.6

0.4

0.2

0.0
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RGB Rainbow

RGB rainbow RGB rainbow spectrum
1.0 1.0
0.8 - 0.8
0.6 - 0.6
0.4 Red - 04
Green
02 7 Blue - 02
0.0 O Desaturated 0.0

* The default color in many software packages.

* Conveniently used by many practitioners.
* Defaults only change slowly (if at all).

I e
E T
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RGB Rainbow

RGB rainbow RGB rainbow spectrum
1.0 1.0
0.8 - 0.8
0.6 - 0.6
0.4 Red - 04
Green
02 7 Blue - 02
0.0 O Desaturated 0.0

I e
E T

* The default color in many software packages.
* Conveniently used by many practitioners.
* Defaults only change slowly (if at all).

Question: Everybody does it — why should it be wrong?
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What's Wrong?

W 5.00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Original figure as published by the NOAA.

NOAA forecast, www.noaa.gov, 2012-10-27
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What's Wrong?

Gradients:
Very strong

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Original figure as published by the NOAA.
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What's Wrong?

Gradients:
Very strong

Saturation
Highly-saturated
colors

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Original figure as published by the NOAA.
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What's Wrong?

G.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50

/_.

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Original figure as published by the NOAA.

Gradients:
Very strong

Saturation
Highly-saturated
colors

!% Discontinuous

Bright, dark,
bright, dark, ...
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What's Wrong?

W 5.00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated version of the original figure.
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What's Wrong?

Assignment
8.0 No longer unique

4.00

3.00

2.00

1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.10

0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated version of the original figure.
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What's Wrong?

W 5.00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated version of the original figure.

Assignment
No longer unique

Interpretation
Where is the maxi-
mum?

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12



What's Wrong?

G.00
6.00
4.00
3.00
2.00
175
1.50
125

1.00
5
0.5

0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated version of the original figure.

Assignment
No longer unique

Interpretation
Where is the maxi-
mum?

Focus
On dark artefacts
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What's Wrong?

W 5.00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated version of the original figure.
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What's Wrong?

W 5.00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated version of the original figure.
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What's Wrong?

W .00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

What color-blind people see (red-green weakness).
About 5% of all Europeans are affected.
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What's Wrong?

W .00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

What color-blind people see (red-green weakness).
About 5% of all Europeans are affected.

End-user
Who is it?
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What's Wrong?

W .00
£.00
4.00
.00
2.00
175
1.50
1.25
1.00
0.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

What color-blind people see (red-green weakness).
About 5% of all Europeans are affected.

End-user
Who is it?

Consider
Visual constraints?
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Challenges

Summary: The colors in a palette should
* be simple and natural,
* not be unappealing,

highlight the important information,
* not mislead the reader,
* work everywhere and for everyone.
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Challenges

Summary: The colors in a palette should
* be simple and natural,
* not be unappealing,

highlight the important information,
* not mislead the reader,
* work everywhere and for everyone.

In practice:
* People often do not think about it at all.
* ...and simply use default colors.
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Challenges

Summary: The colors in a palette should
* be simple and natural,
* not be unappealing,

highlight the important information,
* not mislead the reader,
* work everywhere and for everyone.

In practice:
* People often do not think about it at all.
* ...and simply use default colors.

Potential problems:
* For end users - reviewers, supervisor, collegue, customer.
e For your own day-to-day work.
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The Hue-Chroma-Luminance Color Space

A perception-based Color Space



Perception-Based Way: HCL

Advantages:

* Hue: Type of color.

e Chroma: Colorfullness.

* Luminance: Brightness.

Hue

Chroma

Luminance
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Perception-Based Way: HCL

A HCL rainbow HCL rainbow spectrum
100 — — 360
80 ~ 300
— 240
60 —
180
40 7 O Hue — 120
20 @ Chroma
B Luminance — 60
0 O Desaturated 0

* Hue (defines the color)
e Chroma (defines the colorness) and

* Luminance (defines the brightness)
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HCL Version

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Same information, changed color scheme.

8.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50
0.25
0.10
0.01
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HCL Version

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Same information, changed color scheme.

8.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50
0.25
0.10
0.01

Colors:
Smooth gradients.
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HCL Version

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Same information, changed color scheme.

8.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50
0.25
0.10
0.01

Colors:
Smooth gradients.

Information:
Guiding, no hidden
information.
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HCL Version

.00 Colors:
2% Smooth gradients.
3.00
2.00 .
1% Information:
15 Guiding, no hidden
3%  information.
H 0.25
M 0.10
ne% Works:
Hurricane Sandy Screen, projec-
120-hour Day 1-5 Rainfall Forecast tor gray-scaled
Same information, changed color scheme. device.
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HCL Version

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated representation of the HCL-version.

8.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50
0.25
0.10
0.01
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HCL Version

8.00

Assignment:
i Higher values =

300 .
2w lower luminance.
1.75

1.50

1.25

1.00

0.75

0.50

0.25

0.10

0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated representation of the HCL-version.
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HCL Version

8.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated representation of the HCL-version.

Assignment:
Higher values =
lower luminance.

Focus:

leads readers to
most important
areas.
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HCL Version

8.00
6.00
4.00
3.00
2.00
175
1.50
125
1.00
Q.75
0.50
0.25
0.10
0.01

Hurricane Sandy
120-hour Day 1-5 Rainfall Forecast

Desaturated representation of the HCL-version.

Summary:

Assignment:
Higher values =
lower luminance.

Focus:

leads readers to
most important
areas.

Solved a lot of problems by changing the color palette.
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Warning Map Example

Colorized
Original (left)

f" HCL idea (right)
oy o

UBIMET GmbH, www.uwz.at, 2013-05-31.
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Warning Map Example

Colorized
Original (left)
HCL idea (right)

vl

v"""

Gray-scale
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Warning Map Example

Colorized
Original (left)
HCL idea (right)

Gray-scale

Deuteranopia

Red-Green
weakness
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Color Palettes: Qualitative

Goal: Code quantitative data.

¢ -IlD

T

-
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Color Palettes: Qualitative

Goal: Code quantitative data.

dynamic [30, 300] harmonic [60, 240]
cold [270, 150] warm [90, -30]
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Color Palettes: Qualitative

Goal: Code quantitative data.

Solution: Take colors with different hues, but keep chroma and
luminance constant.

(%]

LV 4
DR
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Color Palettes: Qualitative

Goal: Code quantitative data.

Q0 UTC Run: 11JUL2017 +33 800 hPa Wed ‘IZJULZO17 03 UTC
- T 7 T

ECMWF FORECAST: geopotentiol height [10m, spacing: 4, white contours]
temperature at 800 hPa [C, spacing: 2, shaded]

Solution: Take colors with different hues, but keep chroma and
luminance constant.
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Color Palettes: Sequential

Goal: Code quantitative data (e.g., probabilities) where one side

is of main interest.
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Color Palettes: Sequential

Goal: Code quantitative data (e.g., probabilities) where one side
is of main interest.

Q0 UTC Run: 11JUL2017 +33 Wed 12JUL2017 09 UTC

PP

rersrashisr o AP == o i 3
ECMWF FORECAST: most unstable CAPE [Jkg™, shaded, lowest 350 hPa)
CIN [Jkg™] > 100 [light], > 500 [medium], > 1000 [dark blue contours]
mslp [hPa, spacing: 5, black contours] and wind shear [ms? >10/>20, grey shading]

Solution: Constant hue and changing chroma/luminance.
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Color Palettes: Sequential

Goal: Code quantitative data (e.g., probabilities) where one side
is of main interest.

00 UTC Run: 11JUL2017 +33 (—3h) fota Wed 12JUL2017 09 UTC
= R - <

(=7

2 -
precipitation > 1 [mm, light bluel; > 5 [mm, middle blue]; > 10 [mm, dark blue contour]

Solution: Constant hue and changing chroma/luminance.
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Color Palettes: Sequential

Goal: Code quantitative data (e.g., probabilities) where one side
is of main interest.

Q0 UTC Run: 11JUL2017 +33 Wed 12JUL2017 09 UTC
T T

%r;;pﬂ‘(ﬁ,ﬁ S ? i %fgﬁ N 2

et

v
T

5 4 = = 40
oyt 2

ECMWF FORECAST: 10m wind [ms™, vectors] and sea level pressure [hPa, spacing: 2, contours]

Solution: Constant hue and changing chroma/luminance.
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Color Palettes: Diverging

Goal: Code quantitative data and highlight both ends of the
spectrum (e.g., anomalies, wet/dry, probabilities, .
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Color Palettes: Diverging

Goal: Code quantitative data and highlight both ends of the

spectrum (e.g., anomalies, wet/dry, probabilities, ...).

Model Comparison

B best !
O neutral . _
o B worst —_ - !
2 < —
g - . E — ' -
. E . = — '
o : - :
5 oL T -
@ - |
o ' '
o

T T T T T T
1 2 3 4 5 6

T
7

Solution: Diverging color schemes; combine sequential

schemes with smooth transition.
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Color Palettes: Diverging

Goal: Code quantitative data and highlight both ends of the
spectrum (e.g., anomalies, wet/dry, probabilities, ...).

00 UTC Run: 11JUL2017 +33 Wed 12JUL2017 09 UTC
7o T ki 7 v
= ) 7 T\

ECMWF FORECAST: thickness 500/1000 [10m, spacing: 5, black comaurs]
geopot. height [10m, spacing; 4. grey contours],
and relative vorticity 700hPa [107s™, spacing: 5, shoded]

Solution: Diverging color schemes; combine sequential
schemes with smooth transition.
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Color Palettes: Diverging

Goal: Code quantitative data and highlight both ends of the
spectrum (e.g., anomalies, wet/dry, probabilities, ...).

Tue 11JUL2 0 — Wed 12JUL2017 00 UTC t2m
Y

Te30/L91

ECMWF EFl: 2m tem
0 Run
EPS mean geopotential height [10m] a

Solution: Diverging color schemes; combine sequential
schemes with smooth transition.

perature
date0 +0 to +24
t 1000 hPa (black cantour) centered at 12 UTC

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12
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Color Palettes: Diverging

Goal: Code quantitative data and highlight both ends of the
spectrum (e.g., anomalies, wet/dry, probabilities, ...).

00 UTC Run: 11JUL2017 +33 700 hPa Wed 12JUL2017 08 UTC
S e
A

e it ot £ L

ECMWF FORECAST: equivalent potential temperature [C, spacing: 2, shaded]
and geopotential height at 700 hPa [10m, spacing: 4, white contours
precipitation (snow and rain, —1h) > 0.5 [mm, overlay, grey shaded

Solution: Diverging color schemes; combine sequential

schemes with smooth transition.
Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12 14




Experiences With Practitioners

In the beginning
* Hesitation of colleagues.
* “Not necessary!”
* “Why should we change existing products?”
* “Everybody does it like this ..."
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Experiences With Practitioners

In the beginning
* Hesitation of colleagues.
* “Not necessary!”
* “Why should we change existing products?”
* “Everybody does it like this ..."

A few days later
* Mainly positive feedback.

* Decrease of misinterpretations in classroom (“Weather &
Forecast”).

* “Much easier to interpret ...”
* “How can | make use of those palettes (in my software)?”
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hclwizard.org

A perception-based Color Space



hclwizard.org

The R colorspace package
* Available on c-ran.

* Provides methods to explore, choose, and assess HCL based
color maps.

For non-R users: We set up a website to provide the same
interface to everyone. Just visit: http://hclwizard.org.
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http://hclwizard.org

hclwizard.org

,lw|zm(o Navication = i

Why Use HCL Colors?

A

f

nall Bugfixes

Why Use HCL Colors?

ONLINE CREATOR REFERENCES

HCL Color Space Properties Make Use of HCL!

Older News

Thanks

Piiza d org/uihy -

Broken HCL Creator [fixed]

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12
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hclwizard.org

WHYHCL HEME  HOWTO USE ONLINE CREATOR

JLwizarp it |colorspace Package
e coorpacpciape

Murrell, Hornik, Fisher, &

s, i
palettes (‘rainbow_hel , terrain_hel , heat_hel |...) to compare tothe defauit

o s
p: 0 choose palette()] (needs
R colorspace Package
first i i puter.
Usg e colorpac acgein e "
Eeoe
o apen s sftare Rprovies apacke caled st Trecmertrsone

(Ihaka, Murrell, Hornlk, Fisher, & Zelles, 2016) which uses
haka's colorspace ibrary. The package offers some
presetted color palettes ( rainbow_hel | terrain hel
heat_hel ..., to compare to the default RGB color
palettes. Furthermore there s a graphical user interface
(GUI) where you can design your own color palette. The ’“ _packages(* colorspace’)
function therefore s caed  choose_palette() (needs

downloaded from the cran website:

lollowing code line:

@ Forge
Lutocanbunasons

some dependent packages) and use them for your own

work.

‘The first thing you need is an R installation on your
computer. The installation packages for all available

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12
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hclwizard.org

Base Options
Nature of your data
Diverging

Base color scheme.
PiYg

Example
Map

Control Options
O Reverse
@ Correct colors
) Desaturated
Vision
® Normal
Deutan
Protan
Tritan

Color Settings
) HUE 1

ser
) @ w wez
— ser
o 00 CHROMA

ser
o 00 LUMIN.1
— ser
o B wewz
—— ) ser
°o @ 5 PoweR1
— ser
2 “  NUMBER
-) ser

Retumto R

Example Plot

Export

Spectrum

Help Page

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12
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hclwizard.org

ExamplePlot  Export  Spectum  Help Page

Base Options Color Settings
Nature of your data 60 D Heer
ser
Sequential (multiple hues) v
a0 W HUE2
Base color scheme SET
| vrids “ o 8 i CHROMA
_—— e— SET
. - P —
[ e
| . - ser
| o [
Vision o 05] 3 POWER1
e — ser
Deutan o 3 PowERz
Protan — SET
= 2 4 NUMBER
- ser

Retumto R

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12




hclwizard.org

ExamplePlot  Export  Spectum  Help Page

Base Options Color Settings
Nature of your data 360 30 HUE1
— ser
Sequential (multiple hues) v
) a  HUEZ
Base color scheme — ) SET
Plasma M o [50] 00 CHROMA
ser
Example
Mosaic v CHROMA
ser
; Lo 1
Control Options -
) Reverse
@ Correct colors . @ Loz
ser
) Desaturated
Vision o 3 POWER1
Normal sET
® Deutan s @ 3 PowERz
Protan — SET
= ) 4 NUMBER
- ser

Retumto R
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hclwizard.org

. . Example Plot ~ Export | Spectum  Help Page
Base Options Color Settings

Nature of your data

§
8
£

HuE
— et RAW  GADS  Python  matiab
Sequential (multple hues) ~
a0 w0 HuE2

Base color scheme

RGB values [0-1]

RGB values (0-255] HEX colors, no alpha Color Map
9 0.5: 0 20 137 0

4001889
2
#az008a
#67008C

Plasma - o

Example
Mosaic - @ cous

0 LUMN.1

Control Options
Reverse

@ Correct colors. B wwz
Desaturated

Vision

© Normal
Deutan o
Protan — ser
Trtan 8

Retumto R

& Download 4 Download & Download

Karlsruhe Institut fiir Technologie, Seminarvortrag 2017-07-12 17




hclwizard.org

Base Options Color Settings
Nature of your data 360 0
—
Sequential (multiple hues) ¥
60 0
Base color scheme
Plasma - g a -
Example
Mosaic v

Control Options

Reverse
@ Correct colors = =]
Desaturated S
Vision o 8

Ry —
Deutan ] )
Protan —
Ui 2 ©
—

Retum to R

127.0.0.1:3055/4#tab-4440-2

HUE 1

HUEZ

cHROMA

Lumv. 1

LumN. 2

ExamplePlot  Export  Spectrum  Help Page

RAW | GIADS = Python  matiab

0 139
20 136"
8 132
4 1260
70 18

set lon -20 40°
30 8
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And Today? (Rampel et al. 2017)

+ + Domain center i
56°N e ¢ Mass center
% % Object center 237
[ Compactness radius
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Figure: Rempel et al. (2017): MWR 145(8).
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And Today? (Rampel et al. 2017)
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Figure: Rempel et al. (2017): MWR 145(8).
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And Today? (Rampel et al. 2017)
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Figure: Rempel et al. (2017): MWR 145(8).
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And Today?
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And Today? (Lin et al. 2017)
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And Today? (Lin et al. 2017)
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And Today? (Yang et al. 2017)
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And Today? (Yang et al. 2017)
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And Today? (Wang et al. 2017)
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And Today? (Wang et al. 2017)
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And Today? (Lien et al. 2017)
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