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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.
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Common Sense
Using Red-Green-Blue Based Color Maps



RGB Rainbow

RGB color space: And the (in)famous rainbow color palette.
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• The default color in many software packages.

• Conveniently used by many practitioners.

• Defaults only change slowly (if at all).
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• 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?

Original figure as published by the NOAA.

NOAA forecast, www.noaa.gov, 2012-10-27.
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Original figure as published by the NOAA.

Gradients:
Very strong
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Original figure as published by the NOAA.

Gradients:
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Saturation
Highly-saturated
colors
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What’s Wrong?

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?

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

Desaturated version of the original figure.

Assignment
No longer unique
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Desaturated version of the original figure.

Assignment
No longer unique

Interpretation
Where is the maxi-
mum?
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What’s Wrong?

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?

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

What color-blind people see (red-green weakness).

About 5% of all Europeans are affected.
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What’s Wrong?

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.

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.

• 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.

• Chroma: Colorfullness.

• Luminance: Brightness.

Hue

Chroma

Luminance
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Perception-Based Way: HCL
A HCL rainbow

HCL

HCL rainbow spectrum
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• Hue (defines the color)

• Chroma (defines the colorness) and

• Luminance (defines the brightness)
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HCL Version

Same information, changed color scheme.
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HCL Version

Same information, changed color scheme.

Colors:
Smooth gradients.
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Same information, changed color scheme.

Colors:
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Information:
Guiding, no hidden
information.
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HCL Version

Same information, changed color scheme.

Colors:
Smooth gradients.

Information:
Guiding, no hidden
information.

Works:
Screen, projec-
tor, gray-scaled
device.
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HCL Version

Desaturated representation of the HCL-version.

Karlsruhe Institut für Technologie, Seminarvortrag 2017-07-12 10



HCL Version

Desaturated representation of the HCL-version.

Assignment:
Higher values ⇒
lower luminance.
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HCL Version

Desaturated representation of the HCL-version.

Assignment:
Higher values ⇒
lower luminance.

Focus:
leads readers to
most important
areas.
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HCL Version

Desaturated representation of the HCL-version.

Assignment:
Higher values ⇒
lower luminance.

Focus:
leads readers to
most important
areas.

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

UBIMET GmbH, www.uwz.at, 2013-05-31.

Colorized
Original (left)

HCL idea (right)
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Warning Map Example

Colorized
Original (left)

HCL idea (right)

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.
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Color Palettes: Qualitative

Goal: Code quantitative data.
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Solution: Take colors with different hues, but keep chroma and
luminance constant.
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Color Palettes: Qualitative

Goal: Code quantitative data.

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.

Solution: Constant hue and changing chroma/luminance.

Karlsruhe Institut für Technologie, Seminarvortrag 2017-07-12 13



Color Palettes: Sequential

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

Solution: Constant hue and changing chroma/luminance.

Karlsruhe Institut für Technologie, Seminarvortrag 2017-07-12 13



Color Palettes: Sequential

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

Solution: Constant hue and changing chroma/luminance.

Karlsruhe Institut für Technologie, Seminarvortrag 2017-07-12 13



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, . . . ).
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Solution: Diverging color schemes; combine sequential
schemes with smooth transition.
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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 I make use of those palettes (in my software)?”

Karlsruhe Institut für Technologie, Seminarvortrag 2017-07-12 15



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 I make use of those palettes (in my software)?”

Karlsruhe Institut für Technologie, Seminarvortrag 2017-07-12 15



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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hclwizard.org
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Thank you for your attention!



And Today? (Rampel et al. 2017)

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? (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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