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Why Use Color?

# It is one of the available visual
variables you can mix with other
graphic elements to improve
communication

— Color allows greater number of features on
a map

— People easily recognize slight variations in
color (hue, value, chroma)

# It is an aesthetic element that can
improve the appearance and graphic
quality of the map/poster
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Using Color with Graphic Symbols

# In the color world, we have: y ;
Use “color models

— Hue (or “color of the rainbow”) to “mix” colors on
— Value (or lightness) A SCTEEN Of paper

— Saturation (or chroma, intensity)

Hue

II

f umass. | EnvSci 360 - Lecture 6




Color Dimensions

# Hue - focused on the wavelength
of the color - the everyday
“name” we give to colors

= Saturation and Chroma -
how pure a hue is relative to a
gray tone at the same value - the amount of
“colorfulness”

# Brightness/Value/Lightness - how light or
dark a hue appears, relative to a standard
black to white range; refers to both grayscale
and color
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Color Models

# Additive Color Model

- "RGB” - red (R),
green (G), blue (B)
are the primary colors
used on computer ight
screens

- When combined in
equal amounts, the

additive primary colors
produce white

— Measured from 0 to 255

Black Screen
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Color Models

# Subtractive Color Model

- “CMY"” - Primary colors,
used in printing, are cyan
(C), magenta (M), and
yellow (Y)

— The mixing of the primary
colors produces (in theory
at least) black (K)

e True black often added to
model ("CMYK")

— Measured in percentages
from 0 to 100

White Paper
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Comparing Color Models

How colors combine

RGB:

Light on
Blue v computer
displays

Magenta |

How pigments combine

c | - [
CMY/(K):

Inks on C | + Y
paper

Magenta Red
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Perceptual Color Systems

# 3-D “color spaces” -
representations of the RGB
color model

— HSV (Hue-Saturation-Value)
e Hue is wavelength of color
e Saturation is amount of pure color
- 0% = none (white), 100% = pure
e Value is brightness
- 0% = dark (black), 100% = bright
- HLS (Hue-Lightness/Luminance/
Luminosity-Saturation)
e White has lightness 1.0
e Pure colors have lightness 0.5

Hue III—,\EE[':

HSV

Saturation

Value 0-100 0-100

Luminosity 0-100 HLS
N A

Y

0-360

\u
Sa%uratinn
0=100
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Color and ArcGIS

Symhnl selector T 1
* Symbol
an y O Category: |.-'1'-.|| Preview

Selector -
— Choose -

Roze Beige ' ellaw
and edit

color
. Olive Green Jade Outline width: [ 4n =
properties =
Blue Med Blue Lilac
| Properties... |
"Wialet Grey Orange More Symbols |

Save... Feset
- M 1] | Cancel |
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Color and ArcGIS

% Color Selector

— Choose color model

e Useful for code,
matching colors

Color Selector

Colar l Properties ]

= | 230
G_,"_ l?

Color Selector

Colar lF'ru:uperties]
[ —

v " 100 %
K

) 0 %

Mo Color

~

Color Selector
Cilar l F'ru:nperties] @

’_W

__~|'IEIE|3§
— (30 %

< T

— 1 |
RGB

.

CMYK

— 1 |

HSV
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Color and Pattern Use

= Dithering -
blending of colors
gradually

#* Banding - stepped
change of colors;
(reduced bit-depth
without dithering)
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Color Schemes

#* Qualitative
# Binary (also Qualitative, usually)
# Diverging

% Sequential

Quantitative

Resources:

http://lwww.personal.psu.edu/cab38/ColorSch/SchHome.htmi
http://lwww.personal.psu.edu/cab38/ColorSch/Schemes.html
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Color Schemes

Qualitative
Binary EE! ‘ﬁE!!!!g
TF A
Diverging
Jumnl

-1 O+1
Diverging
3 ®
Diverging [ M2 ¥
-1 0+1 1 “

-1 0+1

Diverging
+10 )
-10 IS

-10 +1

TFA

Segquential

Sequential
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Colorbrewer.org

# An Online Tool for Selecting Color Schemes for Maps
(“color advice for cartography”)

number of data classes on your map pdates | cre Ol OR
3 | ¥ | learaore =
the nature of your dats
sequential legm yaove =
LA

pick a color scheme; BuGn

i IEW % J

[]
ol
L :‘:
multihue
|| colorblind safe || print friendiy
| || photocopy-able leqn wiore =
229,245, 4% (s RGBU CMTKU HEX
153, 218, 201 adjus ointext
oads
44, 162, 95 lailiF -|
] diies [ ]
|¥| borders -
el ackg d
i») solid color /_

i) terrain

/
leam wove = color transparency

Also see: http://www.albany.edu/faculty/fboscoe/pap ers/harrower2003.pdf
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Color and Qualitative Features

# Symbolizing Differences N
in hue )
- Unique hues for [

nominally different
features (i.e. kinds,

types)

— Colors should be
different without large [ white
magnitude changes L8

— Use common hues for
similar types, combined
hues for combined City of Buffalo

phenomena Racial Majority
by
Census Tract

Also see: http://www.personal.psu.edu/cab38/ColorSc ~ h/SchHTMLs/CBColorQual.html
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Binary Color Scheme

# Also used for qualitative (nominal)

differences, but with only two categories,

often “yes/no”-type classes.

Blnary Scheme %

Eurcpesn Me rrl:-er Countries

'Drgan Lzatn:-n far
Ecaonomic Soopemdtion and
Cevelop rent, 1060

OECO
e mber
nion-

e mber

Rem aining & B2 O Mem bere:
Canada, United Saies,
JBpan, fuekalia, Mew Teabnd

Also see: http://www.personal.psu.edu/cab38/ColorSc ~ h/SchHTMLs/CBColorQual.html
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Color and Quantitative Features

% Convey how magnitude
of features change
sequentially (high to
low)

— Do this by using:
e a series of value and

chroma combos for
one hue

e a sequence of colors
between 2 hues

e a progression of
several hues (i.e.
elevation)

e a white to black
progression

| Also see: http://www.personal.psu.edu/cab38/ColorSc ~ h/SchHTMLs/CBColorSeq.html

—_—i——

Total Trzct Pop

[ ] ms-181%

[ vezee=1nees
[ -ame-1admk
| B

| RNl

City of Buffalo
Age Class
Distribution

by
Census Tract

Demegined by CFF Todd
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Color and Quantitative Features

# Hue guidelines in quantitative
mapping:
— Darker seen as more
— Lighter seen as less

— More saturation (intensity) seen as
more

— Less saturation or higher value seen
as less
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Sequential Color Scheme

% Use of single hue for values zero and above

Total Housing Units by County, Numeric Change 2000-2002

Total housing units by
county, numeric change
2000-2002

10,000 or more
8,000 to 9,999
6,000 to 7,999
4,000 to 5,999
2,000 to 3,999
0to 1,999
Negative Growth

MILEE
’ 0 100 200 NIU%QEL:?.LM Studies

Data Source! U.S. Census of Population and Housing, 2000 W Oumeacs
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Diverging Color Scheme

# Best for negative to positive quantitative ranges, or
mapping above and below a critical central value; use
for standard deviation classification scheme

MARS CRUSTAL MAGNETISM AByr MARS GLOBAL SURVEYOR MAG/ER

20°

0° 90° 1807 270° 360°

East Longitude

I 25//ALat (1T/deg) R NI

-30 -10 -3 -1 -3 +3 1 3 10 30

Connerney, J. E. P. et al., (2005} Proc. Natl. Acad. Sci. USA, 102, No. 42, 14970-14875.

RA1593_1pub
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Diverging Color Scheme

% Two-hue
diverging
color scheme

Propendity of Households to Purchase
IEhvis Merrorabalia, Ranked in Guintiles

- Highesi-"The King Livea!”
H Mext-to-highest

|| Miklte-Enis wiso?”

. M- Lo-Rawest

- Lepwiei-" ANt Mthing bt a Hinmel Dogl®

Figure 5.8
Purchises of Elvis Presley memorabilia, 19908 Tre hotbeds of Eb adoration b mainky in
tha aastern Unised S1ades, while mosd Wisstersers Can Bake hien or leave him, What cultural
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Color on Choropleth Maps

# Different hues would not work well in displaying
differences in metric measurements, but
different levels of lightness (or value) would

Percent of Votes

13410 16,7

B.81012.0

1830211

21610244

25.810 30.6

8810 12.0

Vote for Perot, 1992

-

13.4 to 16.7 1B3tm211 216244 25,810 30.6
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Color on Choropleth Maps

% Multi-hue
color
scheme -
is this the
right way
to map
this data?

Urban and Built-up Land Use by State, 1997*

peafmct

“Lend sree in noreg.

o, -
B 4,000,000 or more
o , B 3,000,000 to 3.999,999
¢ s | R W 2,000,000 lo 2,999,999
R g i R B 1,000,000 to 1,999,999
. YR ' B 500,000 to 999,999
~ W B less than 500,000
P v [ No DATA

e Data Source: US: Dept. of Agricufture, Mational Resource Canter for Govarnmeanta! Studias -

Statistical Laboralory

and Conservation Service, and lowa Stale University, Meribim Moo Linboersty R, 0501702001
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Color on
Choropleth Maps

¥ Does
this
color
scheme
work?

--------

Where Are the Most
Bankruptcy Cases
in the United States?

by Jason Smith

Source: Administrative Office of the
1S, Courts, 1993

O—— 0 Miess

159,700

25 000 -- 51,300

15,000 - 25,000

5,000 —- 15,000

800 -- 5,000
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Color on Choropleth Maps

¥ Does
this
color
scheme
work?

1990 Connecticut Population

I 512 - 10081

10082 - 22247
[ 22248 - 42762
Miles I 42763 - 78331
B 78332 - 141686

EnvSci 360 - Lecture 6
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Color on
Choropleth Maps

x Does
this
color
scheme
work?

. Altamsed to Sy a Concealed Fioeaem

sifomed to Cacey a concdaled fveaem, fut it =

mohifited to Cacey it Cipen®
. P am ot Cgqu ?«.mn.m P omodaled o Omﬁ'g

% ost rtaces that de wet prohife coring handg cons nlteetheless
g eied A foenrd to cary them openly o comoéaled

Bt ﬂL[ﬂudf;f-m Fomtrat, e,
1o (latiomal T o srociation,
1903
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Hue Conventions

% Blue for water bodies and rivers

% Green for vegetated areas (forests, farms, parks)
Brown for contours

Yellow or tan for dry areas with little vegetation
Agency-
specific
standards

(i.e. USGS
topo maps)

* O X

EnvSci 360 - Lecture 6
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Hue Conventions
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Hue Conventions

* Symbolic connotations of hue - blue for cold,

red fOr Warm o o L

P -
Low Temperature(F) Ending Thu May 10 2007 8AM EOT
@ CThu Fay 10 2007 1223 Tf‘”"e,
V Mational Digital Forecast Database w
13z issuance Graphic created-May 09 9:0574M EOT oy - f’s
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Hue Conventions

% Be aware of emotional and cultural connotations often
attached to color

¥ In Western culture:

- Red: danger, excitement, fire, passion, blood, fight or flight,
some sexual connotation. (*good luck” in China)
- Purple: Wealth, royalty, sophistication, intelligence.

— Blue: Quietness, serenity, truth, dignity, constancy, reliability,
power.

Black: Sophistication, elegance, power, rebellion, death.

m Purity, cleanness, luminosity, vacuum.

Warmth, the sun for many cultures, brightness, joy if
little saturated.
- Green: Nature, fresh, vegetation, health, green/blues are the
favorites of consumers (“death” in China)
e Cailin Boyle, Color Harmony for the Web

EnvSci 360 - Lecture 6
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Four-color Theorem

No two bordering polygons colored alike

it
Falat

FOURCOLOR

1

= Massachusetts Towns

12
13
14

B2
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Color Limitations

% Too many colors o
indistinguishable s

on map, even if
they look different
in a legend.

# Using patterns
may help, but
there are still a lot
of similar hues on

this map. =t =

L vwkuv-.--e-.w-l :‘E
w

Eocers

|

-----

=

-2

i
L Farrmuab |Gt
Frocaia | [ weks Parrmaten e
iy Oglas Formacin (obda)

i

i ||

e (Do nd ConghTIET
in Trans-Pocas Taesss

dmcnor Greplg (TS, Wannng m-'!v

Taseal Vazzo, we Moy
Elnisens Croup

Abuwrg il 1. Weashbn Groups [HI2Z)
(i

Comtarent v ded i)

iy Thmsis gagweiad LIT)

o

oba Focd, Winochine, aret 1 Washiin Jeoupw (K}

{ GEOLOGY OF TEXAS

1992

DUREAL I ECTINOMEC SUOLOGY
THE UNIVIRSITY OF TEXAS AT ALSTIN
Ulnivgssity Station, Box X
Austin, Teway 7971 3-750%

, ST

E meme | I rerin wsases i
I erpuan Senas Gyl
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Maps and Color Blindness

# “To design maps that are readable by the color-vision
impaired but are also appealing to those with normal
color vision successfully, cartographers need to know
how the color-vision impaired person perceives color
and which color combinations become confused.”

— Color Design for the Color Vision Impaired

by Bernhard Jenny and Nathaniel Vaughn Kelso

— c — p 3
Figure 1 The visible spectrum as perceived by the normal || . || E.
. . god . = i
viewer (top) and by those with red-green vision impairment :
oo .... .-..

Figure 2 Colours as they appear to readers with normal
vision amd to those with red-green vision impairment

See http://colororacle.org/resources/2007_JennyKels  o_ColorDesign_lores.pdf
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Maps and Color Blindness

Point Features

Bad Poor Better Best Alsa bestin
Hug Coding Vary Safuration Shift Hue Vary shope ERIEM YN
Narmal Visian
® o & ® o ® ® o9 ® " A 0 A -
& o o L O
& @ @ ® L] A A O
® o & @ @ v O
Red-green
Confusion @ [ @ ® o ® ® & 7 A ] A <
a L s © mn O o
2] & & & @ A A
® o ® o L v =0

Figure 4 Poinl classes typical of a dot map distinguished by saturation, hue, and shape

Line Features

Bad Poor Okay Good Batter Best
Hue Coding Width & Sat. Annotation Shift Hue Pattern Combination

Normal Vision | ;
Red-green
Confusion |

Figure 5 Line classes distinguished by width and saturation, annotation, hoe, and line pattern
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Maps and Color Blindness

Spectral Color Scheme
A | "' > - “' -

Normal Vision | Red-green Confusion

Figure 6 Spectral colour schemes [or precipitation maps, with rainbow colours itop row) and with an improved spectral
scheme (hottom row). Colour ramps are depicted below the maps (*Mean monthly precipitation in January®, ©Atlas of
Switzerland 2, 2004)

EnvSci 360 - Lecture 6

36




Beware — Screen vs. Print

# Often, the colors you see on screen will
not look the same when printed

— You can use “shadesets”
to match screen
colors to how they
will print

e Shadesets should be
printed on the printer

or plotter you will
use for mapping

EnvSci 360 - Lecture 6
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Beware — More...

% Simultaneous
contrast

— The appearance of
a color can change
depending on the
surrounding color

Value Contrast A

G4 on Y4

Hue Contrast C

Value Contrast B

Hue Contrast D

EnvSci 360 - Lecture 6

38




Beware — More...

% Line width and hue

— The thinner the line, the harder it is to

distinguish its color

EnvSci 360 - Lecture 6
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"Web-safe” Colors

s Colors that will not
be altered (dithered)
when shown on
browsers running on
a 256-color monitor

% 216 unique colors,
usually specified as
a 6-digit
hexadecimal
number/ character
code

330000 333300 336600 339900 33CCO0 3IFFO0 EEFFO0 GECCO0 GE9900 EEEEDD EE3300 EGOOOOD FFOOOOD FF3300 FFEEDD FF9900 FFCCOO FFFFOO
330033 333333 336633 339933 33CC33 3IIFFIT BEFFII BECCII 669933 EEEE3T EE3III EEOO3II FFOODII FFI333 FFEEII FFI933 FFCC3I3 FFFFI3
330066 333366 33EEEE 339966 IICCEE IIFFEE BEEFFI3 BECCEE BE996E EEEEEE EE33IEE EBOO33 FFOOBE FF33EE FFEEEE FF99EE FFCLCEE FFFFBB
330099 333399 336699 339999 33CC99 3IIFF99 BEFFY9 BECCY9 669999 EBEEE99 EE3399 EEOOYY FFOO99 FF3399 FFEE9Y FF9999 FFCCY99 FFFFI9
3300CC 3333CC 33BECC 3399CC 3I3ICCCC IIFFCC BEFFCC BECCCC BEY9CC BEEECC EE33CC EROOCC FFOOCC FF33CC FFEECC FF99CC FFCCCC FFFFCC
3300FF 3333FF 33EEFF 3399FF 3J3CCFF 3IIFFFF BEFFFF BECCFF BE99FF EBEEEFF EE33IFF EGOOFF FFOOFF FF33FF FFEEFF FF99FF FFCLCEE FFEGEE
ODO0DOFF 0033FF OOEEFF ODO99FF OOCCFF OOFFFF 99FFFF 99CCFF 9999FF 996EFF 9933FF 9900FF CCOOFF CC33FF CCEEFF CC99FF CCCCFF CCFFFF
O0O0DOCC 0033CC DOEECC DO99CC OOCCCC OOFFCC 99FFCC 99CCCC 9999CC 996ECC 9933CC 9900CC CCOOCC CC33CC CCEBCC CCY99CC CCCCCC CCFFCC
O0ooos9 003399 ODEES9 009999 OOCCY9 OOFF99 99FF99 99CC99 999999 996E99 993399 990099 CCOO099 CC3399 CCEESY CC9999 CCCC99 CCFFIY

O000EE 003366 OOEEEE OO996E OOCCEE OOFFEE 99FFEE 99CCEE 999966 996EEE 993366 9900EE CCOOBE CCIIEE CCEEEE CC99EE CCCCEE CCFFEE

*  Used in HTML/CSS -
and WEB MAPPING 000033 003333 O0EE33 009933 OOCC33 OOFFI3 99FF33 99CC33 999933 996E33 993333 990033 CCOOD33 CC3333 CCEE33 CC9933 CCCC33 CCFFA3
?: AI most no need for 000000 003300 OOEEOO0 D0O9900 OOCCOD OOFFO0 99FFO0 99CCO0 999900 996600 993300 990000 CCOOOOD CC3300 CCEEDO CCY900 CCCCOO CCFFOO

this anymore 00ls.NET

oooooo 333333 EEEERE 999999 CCCCCC FFFFFF

See http://www.permadi.com/tutorial/websafecolor/ a  nd http://websafecolors.info/
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Mapping in Black & White

#% Patterns come to the rescue

— Often used for bedrock/geology type,
climate, soils, land use

— General categories:

e Coarse line - parallel or wavy (cross-hatching
uses perpendicular lines)

e Dot patterns - round dots in regular or irregular
arrays

e Pictographic - resemble feature (I.e. wetlands,
swamps)

e Reversed - above 3 but light on dark background
e Shades of gray for choropleth mapping

EnvSci 360 - Lecture 6
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Mapping in Black & White

This works

Morthport g

Leland

) - 9
g’ BENZIE ;“T‘“%a |

"
¥,

—

x|
e B—._  Honor,

L Thempsanville
Cupgih'uis_h

| whKaleva

MANISTEE

A==

\
® Brathren -
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Simply changing a color
image to grayscale
doesn’t always work

Categories 1 and 4 are
virtually indistinguishable
when the map image is
converted to grayscale

= Massachusetts Towns

FOURCOLOR
- B Massachusetts Towns I:I 1
FOURCOLOR
B

[ ]2
[ ]3
[ ]a
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The color map may need
to be redesigned to be
effective as grayscale

But beware of turning a
qualitative scheme into
one that looks quantitative

.-'.-.l,".‘r_,.!‘"!‘ o, 2 ;‘*;n#f:&
ot %ﬂf'o’:u.:-p‘;# e
! ‘ "t' ;. .\ o
By X A
a g | 4 b/
r a8 .l ' [

F Y
18 9.
=l Massachusetts Towns

v

FOURCOLOR M
[ ]1 N
I -
o gl =t
— ‘ )

=l Massachusetts Towns
FOURCOLOR

[
[ ]2
[ ]3
[ ]a
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Black and white patterns
may be a better choice,
but they must be
readable

Here, the legend symbols look
different, but the differences
make the map hard to read

|

R TR AR
JONGINS R S
A

= Massachusetts Towns
FOURCOLOR
—
2
3
[T &

£
1
- ';‘L‘? i‘?\i" — T —— 'l'-"ﬂ
A I ey
W RSy om S W vy I
S A A &’ '!‘;l
NP

b

Dy
i ‘é'-lﬁ#:-:' )

d

= Massachusetts Towns
FOURCOLOR

[ ]2
[ ]3
[ ]a
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Black and white patterns
may be a better choice,
but they must be
readable

Getting a little better...

= Massachusetts Towns
FOURCOLOR

] 1

= Massachusetts Towns

FOURCOLOR

[
[ ]2
[ ]3
[ ]a
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Mapping in Black & White

% Shades of gray for choropleth mapping - this map was
designed with grayscale in mind

= IMassachusetts Towns
People/5q. Mi. (2000}

[ ] s.81-10050
|| 10051 -314.36

I 314.87 -690.89
B c90.90-1,456.49

e SE g
B (45650-1872233 'ﬁg%
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Resources

# Chapters 7, 8, and Appendix in Designing Better Maps

# Chapter 12 in Making Maps, 3rd Edition

# http://colorbrewer2.org

# http://colororacle.org/

® http://makingmaps.net/2007/07/16/map-color-resources/
# https://makingmaps.net/category/11-color-on-maps/

# Book: Colour Basics for GIS Users

i, Colour Basics
“. .afor GIS Users

Designing
Better Maps

A Guide for GIS Users
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