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BASICS

- A perceptual phenomenon
* Subjective rather than objective

- Inappropriate color choices can obscure data and mislead map
readers

- Caused by stimulated receptors in human eyes by the
electromagnetic radiation of certain wavelengths

* Required elements: light source, object, and viewer (eye-brain)

- Modes: llluminant mode and Reflective mode



WHAT IS LIGHT?

@ Frequency (Hz)

* Part of the electromagnetic energy

spectrum (EMS) that is visible to the
human eye
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* Visible Spectrum Wavelength:
40onm —700nNm

 Composite of visual spectrum —
White light

* Primary Colors — Red, Green, and
Blue
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By Victor Blacus - SVG version of File:Electromagnetic-Spectrum.png, CC BY-SA3.0,
https://commons.wikimedia.org/w/index.php?curid=22428451



WAVELENGTHS OF VISIBLE
SPECTRUM
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COLOR PERCEPTION

Light enters through cornea and passed
back to retina

Retina — Light sensitive layer contains
Rods and Cones

- Rod cells — cannot differentiate colors

- Cone cells —sensitive to the R, G, and B
wavelengths

Ambient light conditions impact the
perception of color

Color blindness

- Can only see blues and yellows and may
have difficulty in perceiving reds, greens,
and some yellows

- Affects more males than females

How the Eye Sees in Color PHOTOSENSORS

The retina contains cells called rods and cones that are FCOI'i_E CseLLtS_
are . . n
sensitive to different colors of light. UICIOR Des: 1t

bright light, are
concentrated in
center of retina

J

LENS RETINA
changes shape  light-sensitive lining
to allow the eye  of the eye

to focus light \
PUPIL

opening that allows
light into the eye

S
s
STRUCTURE
/ OF RETINA | ROD CELLS
more sensitive
IRIS than the cones
controls the size of the to dim light
pupil and the amount of OPTIC NERVE
light entering the eye carries signals
to the brain

Why Bananas Appear Yellow

The full spectrum of light falls on the bananas, but only light with wavelengths of 570 to 580 nanome-
ters, in other words "yellow” light, is bounced off. (A nanometer is one billionth of a meter.)
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Yellow light reflected from
the bananas stimulates
the eye's cone cells to
varying degrees. Nerve
signals from the cones

travel to the optical cortex
of the brain for decoding
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SOURCE: NATIONAL LIBRARY OF MEDICINE, PHOTOSS.COM Graphic by Kar| Tate @ﬁm




COLORSYSTEMS

Additive Colors: Red, Green Subtractive Colors: Cyan,
Blue Magenta, Yellow

Y

Image(s) Credit: SharkD at English Wikipedia Later versions were uploaded by Jacobolus at en.wikipedia. - Transferred from en.wikipedia to Commons., Public Domain,
https://commons.wikimedia.org/w/index.php?curid=2529435,
https://commons.wikimedia.org/w/index.php?curid=3791468



COLOR COMPONENTS

Munsell Color System

* Name, intensity, and lightness of Value
the color e
c‘rﬁ)
] Hue l Yellow-Red
- Red, Blue, Green, Brown, Red- Vellow
Orange, ...
Green-Yellow

- Each hue has its own wavelength in
the visible spectrum

- Saturation Purple-siue  BlUe
= Chroma, intensity or purity Blue-Green
- A measure of vividness of a color
oo Howe - Chroma/Saturation
- Value %ngmm"ﬁ Vot hrn withContat Hoeand Yl

* Quality of lightness or darkness of
a color

0f
Yellow 100%
Black 50%



https://commons.wikimedia.org/wiki/File:Munsell-system.svg

COLOR MODELS

RGB — Red Green Blue
CMYK - Cyan Magenta Yellow and Black

Grayscale

HSV — Hue Saturation Value

HSB/HSL — Hue Saturation
Brightness/Lightness

CIE L*a*b (Commission Internationale de

By Hcl-hcv_models.svg: Jacob RusHSV_color_solid_cone.png: SharkDderivative
work: SharkD Talk - Hcl-hcv_models.svgHSV_color_solid_cone.png, CC BY-SA3.0,

[/EC[a irage L a b) https://commons.wikimedia.org/w/index.php?curid=9802544



COLOR MODELS IN ARCGIS
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COLOR PREFERENCES

- Subjective to audience preferences
and type of map

Orange

Green

* Warm and Cool Colors mue' /\J/\;\/ \/P\ f
* Red is warmer followed by green and 4 o A
blue

- Advancing and Retreating Colors

* Red appears closer when seen along
with a color of shorter wavelength

* General color conventions should
overrule broader color preferences

* Blue for water, green for parks, etc.




WHAT COLORS DO YOU LIKE?

* Young children tend to prefer longer wavelengths whereas
Adults prefer shorter wavelengths.

* Men prefer orange to yellow and blue to red
- Women prefer red over blue and yellow over orange
» Children prefer bright colors of red, green, and blue

- Affluent adults prefer subtle, pastel shades



COLOR ASSOCIATIONS

Colour Positive Negative
Red Passion, strength, energy, heat, love Blood, war, fire, danger, anger, aggression

Nature, spring, fertility, safety, ] _
Green . Inexperience, decay, envy, misfortune
environment

Yellow Sun, summer, gold, harvest, optimism Cowardice, treason, hazard, iliness, folly

N . Depression, obscenity, conservatism,
Blue SKky, sea, stability, peace, unity, depth o
passivity

Snow, purity, peace, cleanliness, Cold, clinical, surrender, sterility, death,

innocence banality

Intelligence, dignity, restraint, maturity Shadow, concrete, drabness, boredom

Coal, power, formality, depth, solidarity,

Fear, void, night, secrecy, evil, anonymity
style

https://dark-star-161610.appspot.com/secured/_book/visual-perception-and-colour.html#colour-associations




COLORS INCOMBINATION

* Colors have an interesting way of affecting each other when
they are placed in proximity and can create a disjointed,
confusing, and ugly map.

* Background colors should be light or dark and not intermediate
colors.

- Pleasant — Hues in green to blue range, or hues with little gray.

* Unpleasant — hues in yellow to yellow-green, or hues with more
gray.

* Vivid colors combined with grayish colors are pleasant.



COLORS INCOMBINATION

2000 Population in Cities 2000 Population in Cities

In 1000s
Qver 1,000
500 to 999.9

® 250 to 499.9
F. ® 10002499

® Lessthan 99.9

In 1000s
Over 1,000
500 to 999.9
250 to 499.9
100 to 249.9
Less than 99.9

Source: Aileen Buckley, ESRI, ArcUser Winter 2010



COLORS INCOMBINATION

- Simultaneous contrast

* When a color is surrounded by another color, it begins to

appear tinged by the complementary color of surrounding
color.

* Colors might appear lighter when surrounded by a darker
color and vice versa.

Simultaneous Contrast

The medium gray line appears dull against the dull green

background but looks brlghter agaknst the brlgnt purple.
Adapted with permission from San Diego Supercomputing Center, 1891

https://colorusage.arc.nasa.gov/Simult_and_succ_cont.php



COLORS IN COMBINATION

- Successive Contrast

* Occurs when a given color is viewed in one environment (one
background) and then another (a different color background) in
quick succession.

* May appear darker or lighter compared to each new environment.
» Can cause problems regarding interpretation of color on a map.

https://colorusage.arc.nasa.gov/Simult_and_succ_cont.php




Wind Gust Estimates during Superstorm Sandy

New Jersey Department of Environmental Protection
Trenton, New Jersey, USA

By Nick Procopio

Contact

Nick Procopio, nick.procopio@dep state.nj.us

Software
ArcGlS 10.0 for Desktop

Data Sources

New Jersey Department of Environmental Protection, New Jersey
Forest Fire Service

Superstorm Sandy moved across New Jersey October 29-30,
2012. Maximum wind gust speed (knots) was estimated for

the period when the storm moved across the region. Data
collected at twenty-four weather monitoring stations in New
lersey and twenty-five additional stations neighboring the
state was used to estimate the regional wind gusts. Prediction
estimates very closely matched the reported value at the forty-
nine stations. The average difference was -0.16 percent, while
the greatest single deviation was never more than 8.6 percent.
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Wind Speed
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(NOAA and NJ Forest Fire Service)

*  Trenton, NJ
Counties




Urban-Rural Population and Land Area Estimates, Version 2, 2010: Bangladesh
Low Elevation Coastal Zone
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Presidential Election 08 Turnout  Percent of Registered Voters

Percent of Registered Voters Who Voted, I 75% Plus

, . o ' B 65% to 75%
by Precinct, Travis County. November 2008. T 55% to 65%
Overall Countywide Turnout: 66.1% | 50% to 55%

Less than 50%




COLOR BREWER

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

COLOR 2.0

Nature of your data: i color advice for cartography

® sequential O diverging O qualitative

Pick a color scheme:
Multi-hue:

Only show: i | 3-class BuGn

[ colorblind safe D [

Iz\prmtfr\erwdly m

[LJphotocopy safe 7
#e5f5f9

#99d8c9
#2ca25f

Context:

roads
[ cities
borders

"“'”" o

Background:

H

® solid color
Oterrain

color transparency

& axismaps

https://colorbrewer2.org



COLORVISION DEFICIENCY

SIMULATOR TOOL

o

= ~ v T Untitled | ©

Project Map Insert Analysis View Edit Imagery Share Feature Layer Labeling Data
% = o = Create o= #2 Add
B BYER [AGH BE & BE : i
I rt

Convert Link Link Reset Catalog Catalog Contents Geoprocessing Python Tasks Workflow Aviation Indoors s Color Vision

D Map v Views~ Cursors  Panesv Pane View Window Manager v Simulator v
View Link Windows Thumbnail Iil Deuteranopia L
Simulate green-blind vision.

Contents v ax [Elvep X

Color Vision Deficiency Simulator (Deuteranopia, green-blind)

earch P~

)

= Protanopia
m p

Simulate red-blind vision.

Y

l—v—il Tritanopia
Simulate blue-blind vision.
Drawing Order

https://pro.arcgis.com/en/pro-app/latest/get-started/color-vision-deficiency-simulator.htm



COBLIS —

COLOR BLINDNESS SIMULATOR

* https://www.color-blindness.com/coblis-color-blindness-
simulator/

® (olblindor

Coblis —
Color Blindness Simulator




TYPOGRAPHY

Styling and Placement of Text on a map




DEFINITION

* The process of designing and placing type on a map.

- Includes title, sou

Washington
Montana North Dakota
Oregon
South Dakota
Nebraska

Oklahoma

Arizona

ce information, and other ancillary text
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TYPE CHARACTERISTICS

- Typeface/Font
- Times New Roman, Arial, Verdana,...

- Type Style
» Design variation of a typeface
- Roman (normal), /talic, Bold, Bold Italic

- Type Size



TYPE ELEMENTS

- Case - UPPERCASE, lowercase, Sentence case,
camelCase,... AR
- Serif and sans serif WAR K&
. X'height - | C{!-‘g:flurn:-b.j-ajl_ N : - N
- Kerning
|
Spacin - ™
P g sy e AR " Descender line_ e il
’ Brackoted Sauare Wedge po o Jien T

Leading J- \ L " L o

i

Docent hts ]uggernaul
Headline: still me

Docent sights juggernaut

Haadling with wide letter-spacing

Unkracketed Hrm eted Sans Sedd
saril SOuare
sorif

Docent sights juggernaut

Headiine with wider letier.s pacing, semetimes used for broadcast




TEXT CASE

- Title Cases (most commonly used for feature labels)

- Upper case lettering inhibits reading speed and also perceived as
“shouting” at the map reader.

- Serif vs. Sans Serif (be consistent with the case selected for same
features)

 Word and Letter Spacing (uppercase require word spacing)
 Type to Avoid — Decorative and hard to read types

- Italics — Used for water features, publications in a data source, or for
emphasis

- Type Size — reasonable upper and lower limit (easily readable)

**%* Be consistent***



LEGIBILITY

* The characteristic of smooth and easy reading in regard to the
design of a typeface and how groups of characters read —
Sinclair 1999.

Mask — Same color as the base feature color

Halo — Different color from the background

Callout/Leader line

Spell Check

Maine

—— Vermont

——New Hampshire
5 . " £ New York —————Massachusetts
M 1 S Sl S S lpp 1 Rhode Island
/A , “Connecticut

Images: Richard Smith, Del Mar College ©National Information Security, Geospatial Technologies Consortium (NISGTC). CC by 3.0
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ORIENTATION

* Type should never be upside down on a map.
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%

&
Wo'sajou-pes cad-note s.com ._. cad-notes.com

cad-notes.com
cad-notes com

WD 'Sajou-pes
cad-notes.com

cad-notes.com
cad-note: cad-notes.com

uollelualio ajgerdany

cad-notes.com cad-notes com

c
Q
=
o
4=
o
L
i
o
1D
i)
1]
i)
j= N
@
|
L
<

cad-notes.com  cad-notes.com
cad-notes.com

Richard Smith, Del Mar College ©National Information Security, Geospatial Technologies Consortium (NISGTC). CC by 3.0



LABEL PLACEMENT

* Labels communicates location information along with
identifying the feature

* Time-taking process

Point label placement priorities (Yoeli 1972). Image Credit https://www.e-
education.psu.edu/geogs486/



LABEL PLACEMENT

Orlando

Tampa

GULF OF

MEXICO

Tampi

GULF OF

original design redesign using
reduced scale Adjust Position (Lp)

original design
original scale

modification to the placement of a set of labels
in relation to the symbols they explicate

http://cartographicperspectives.org/index.php/journal/rt/printerFriendly/cp68-roth-et-al/18

LABEL PLACEMENT 101

Line IfPossibl?,

ml hel This Directip, s
“
%

Cross Features With Halo Matching Background

B s oy E

Features



LABEL PLACEMENT

Poor type placement: Good type placement:
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Figure 2.4.13 Techniques for labeling feature-dense locations.

Pl Credit: Cary Anderson, Penn State University.
ESRI Mapping Center
https://www.e-education.psu.edu/geog486/node/557




Seafloor Map of Hawaii (partial map)

Image credit: Tom Patterson, Shadedrelief.com
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http://www.shadedrelief.com/
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