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Color Basics Q

Choosing colors is more than what looks prettiest...

Color choices should reflect natural tendencies
(e.g. water is blue), but should also support the map
hierarchy.

Color choices will also reflect the final media on
which the map will be set.

Ultimately, however, color is limited to what ArcGIS
offers you...



Color in ArcGIS Q

3 ways to specify color in ArcGIS

 Hue-Saturation-Value (HSV)
 Red-Green-Blue (RGB)

 Cyan-Magenta-Yellow (CMY)



Perceptual dimensions q

Trained colorists can distinguish among a million colors!
*IN pairwise Comparisons... (Tufte: Envisioning Information)

Most people can discriminate up to 20,000 colors.

Color S a powerful cartographlc toolI

So how do we best use color in maps?



Perceptual dimensions: HSV Q

Color can be perceived in three dimensions:

e Hue
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Perceptual dimensions: Hue Q
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Perceptual dimensions: Value &

Value (or Lightness) is most often used to show

order within mapped data

Lightness is a relative
measure describing how
much light appears to reflect
from an object.

These colors vary only in lightness.
Hue and saturation are kept constant.

1991-93

Change in
Stroke Deaths

White Males
Southeast U.S.

Comparison of
1982-84 and
1991-93 Rates

Death rate per

100,000 white males

by health service area
38037

l 26,6 to 318

19.8 to 26.6
4.0 to 19.8

5400915
438 10 54.0
371w 438

Source: Mational Center for
Health Statistics



Perceptual dimensions: SaturationQ

Saturation i1s a measure of the vividness of a color.

Variable saturation Variable lightness

3 :

Low saturation values
tend to be grayish

Saturation alone is usually
insufficient to display data. Often
Constant hue its used to reinforce value.

. . Increasing saturation
. . . Increasing value




Perceptual dimensions: Saturationg

Saturation is the most difficult dimension to use...

Ilgnoring saturation can alter the map

hierarchy by displaying certain featured
more vividly.

Major Hahitat Types

- Tropical and subtropical moist broadleaf fores
- Tropical and subtropical dry broadleaf forests
- Tropical and subtropical coniferous forests

Flooded grasslands

- Maontane grasslands

Deserts and =<eric shrublands

- Mangraves
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Which color has
the highest
saturation?



Color Schemes Q

Color scheme structures:
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Sequential Color Schemes

Lightness is used primarily to
represent ordered data, but
hue can be used as well...

Water Use by Parcel
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|
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Diverging Color Schemes

==

Divergent color schemes emphasize both highs and lows by
using variation in both hue and value.

.'.H .'.H

Critical class

TLETTL

Colors are arranged symmetrically
around a median, zero, or threshold
value.

Critical break

Spring and Summer
Streamflow Forecasts
as of April 1, 2002

Farecas t straamfow
as a percent of average
streamflow

| BERE
[ ] 110-130

[ ]oo-110




Diverging Color Schemes Q

Variation in both lightness and hue can be
used to identify a threshold.

Spring and Summer Forecas 1 strearnflow
Streamflow Forecasts as a percent of average
as of April 1, 2002 streamflow
[ REBE! :
Spring and Summer Forecas t streamflow

B 110-130 Streamflow Forecasts as a percent of average

. treamflow
as of April 1, 2002 £
[ a0-110 [ BERE!
70-190 = -
I:I , |:| 110-130 Spring and Summer Forecas t streamflow

|:| 50-110 Streamflow Forecasts as a percent of average
as of April 1, 2002 sreammow

[ 70-on ’ [ REIREN

P so0-70 NN [ ] 1o0-130

[ ]oo-110

different hue for
negative values

on two hues




Qualitative Color Schemes ﬂ

Categorical differences in data are usually
represented with differences in hue.

Minority group with
highest percent of

county population
Excludes White, not Hispanic

- Hispanic or Latino

- Elack or African American

Minority group with
highest percent of

county population
Excludes White, not Hispanic

| Hispanic or Latino

- Black or African American

American Indian and
Alaska Native

. e

Two or more races,
not Hispanic or Latino

American Indian and
Alaska Native

B o

Two or more races,
not Hispanic or Latino

Variations in lightness can elevate some
categories in the visual hierarchy.



Qualitative Color Schemes

Exploit logical
relationships
between classes to
create color
hierarchies when
possible.

Use more intense

Land Cover

colors to make W0 Residential " Mixed Forest
-Cnmmercialﬂranspm’[atinn Zrop Land
Sma”er Classes maore B BaremiineTransitional WetTan.j
VISI ble - Deciduous Forest B Opentvater

B Everoreen Farest



Qualitative Color Schemes Q

Avoid offensive color combinations...

 HH Minoriff group with
highgSt percent of
W _ cgdnty population

cludes White, not Hispanic

L5

Hispanic or Latino

- Black or African American

American Indian and
Alaska Native

AS

Two or m races,
not Hispani Latino



Binary Color Schemes

Binary schemes are a simple case of qualitative data with
just two classes

Put more visual emphasis on
one class if it is more important
for the message of the map




The Color Cube

Subtractive
CMY

G

W "\R
All the

subtractive Y

primaries are
light colors

Additive
RGB

All the
additive
primaries are
dark colors




Selecting Colors Q




Colors for Colorblind

F=

Good color combinations:
 red-blue
 red-purple
e orange-blue
e orange-purple
 brown-blue
e brown-purple
o yellow-blue
e yellow-purple
 yellow-gray
 Dblue-gray

Choose pairs of hues from the list
above and build a lightness
sequence within each hue

Confusion zones

Choose colors
two or more
zones apart

08 e




Colors for Colorblind

Chose color pairs that are in
separate color zones.

L | _OO¢

Minority group with
highest percent of
county population

Excludes White, not Hispanic

- Hispanic or Latino

- Black or African American

Minority group with
highest percent of

county population
Excludes White, not Hispanic

- Hispanic or Latino

- Black or African American

American Indian and

Alaska Native \
B s

Two or more races,
not Hispanic or Latino

American Indian and
Alaska Mative

B e

Two or more races,
not Hispanic or Latino

http://www.vischeck.com



Colors for photocopying ﬁ

The key to making a color map that can be printed in
black and white or photocopied is to include large
differences in lightness between colors.

Useful process to test map for photocopying

NOoOOA~WNDE

Print the map.

Copy It.

Darken and lighten map colors.
Print.

Copy.

Adjust map colors.

Repeat as needed.



Colors for photocopying

Sequential and binary maps

—e=mm usually do well

Spring and Summer Forecast strearflow D ive rg e nt an d

Water Use by Parcel Streamflow Forecasts as a percent of average
_ as of April 1,2002 strearnflow
I ion

— mm -2 qualitative

— | E 110-130
— maps often

[ -
e don't.

Land Cover

[ Residential Mixed Forest
- CommercialTransportation Crop Land
- Bare/mineTransitional wetland
-Decidunus Forest -Open Water

[l Evergreen Forast



Colors for photocopying

The solution often requires redesign and
simplification of the map

Land Cover
Land Cover O Residantial Crap Land
- Fesidential :| Mixed Forest CommercialiTranspartation Wetland
-Cnmmercialﬂ'ranspndatinn Crop Land - BareidineTransitional Open Water
B BareineTransitional Wetland Deciduous Forest
B Deciduous Forest B OpenWater I Everoreen Farest

I Everoreen Forest Mixed Forest



Colors in Context Q

Colors on maps need to be

distinguishable.

Some colors appear
to change with

different
backgrounds .




Colors in Context

=] zalt lake city

M 1551
52
1481
RLEY
.40
136
RERS
.z
RERY
iz
1
miz
0
041
0o
R
SRR
51
I .41
SR
[ 76
7
[ 651
1 641
1601
1561
1521
1481
] 4.41
1401
1261
1321
28t
24
2o
1161
1121
108
0
T LEE

-16.00
-15.60
-15.20
-14.80
-14.40
-14.00
-13E60
-13.20
-12.80
-12.40
-12.00
-11.60
-11.20
-10.80
-10.40
10.00

-9.60
-9.20
-8.80
-8.40
-8.00
- 760
-7.20
-E.20
-6.40
-E.00
-5.60
-6.20
-4.80
-4.40
-4.00
- 360
-3.20
-280
-2.40
-2.00
-1.60
-1.20
-0.30

0.40

Avoid too many colors
to relate to legend!




Symbology: Points

Symbol characteristics:
e Size

e Shape/
pictograms

* Angle

e Hue/lightness




Symbology: Points Q

Symbol size:
Often used to show quantitative differences

Street lamp illumunation Household water usage
(location and quantity) (quantity label)



Symbology: Points

Symbol size: =

Number of cancer deaths
Black females, 1970-94

¢ 3-9

© 10- 499

@ 500 - 4999
@ 000 - 7430

=

Number of cancer de
Black females
1970-94

=10 10 500 1,000

aths I

5,000 7.500

Graduated values indicate order
Proportional values indicate value or magnitude



Symbology: Points Q

Symbol shape:
Often used to show qualitative differences

- [T <

< [




Symbology: Points

Pictograms:

.m {suml‘her q
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Enhance readability
Easy to translate

Horseback riding

g Campground

High Sierra Camp
(by reservation only)

m Ranger station

B Gas station

Food service and
Lodging

Picnic area
a Parking

Backpacker
A walk-in campground

Wilderness permit station
(summer only)




Symbology: Points Q

Symbol angle:
Often used to show orientation




Symbology: Lines

Line characteristics:

e Hue & lightness
¢ Size

e Separation

e Shape
 Arrangement
 Angle



Symbology: Lines q

Line symbol size:
Size can be adjusted proportionally or gradually to
show quantitative differences...

Number of lanes Traffic _fIOW
(graduated) (proportional)



Symbology: Lines Q

Line pattern: Dashing
Symbols and separation can show qualitative differences in

features. Separation and angle can also be used to show

guantitative differences

1

}
-*
*




Symbology: Lines ﬁ

Line pattern: Casing
Casing can increase line visibility (like halos for text) without

if

elevating its position in the map hierarchy.

— Ipt

—— 1in 2pt
T/ 3in 4pt
—_— 3in 8pt
—— 1in7in 10pt

Casing is created through multiple lines

Joir: Mo
kerge: Mo

wmvee | JOIN @and Merge toggles in the
Mee=te - Advanced Drawing Options

settings control the way different
=it cased line features intersect or
break other lines.

ol

7,

1L
L]
r,



Symbology: Areas Q

Area patterns can be literal or completely

abstract.

Use patterns and textures that adhere

e . to the map’s visual hierarchy and follow
o e i P e 2 . .
il Lo ” guidelines for color
Scrub 1 Grazsland Scattered Trees 1 bl \/ -------- L
Sand Watn;rnl.r;.t;rmittent Reservair <
Gridded Symbol
7 density 2> variation
7
YWetlands
-«
.ff
e Random Angled
density [+ variation




Symbology: Areas

This map combines
hue, lightness,
arrangement, angle,
separation, shape, and
saturation to create
nigh-contrast area
patterns for different
and uses.




Visual Variables

7 visual variables

*Hue *Shape
sLightness eSeparation
*Size *Arrangement
*Shape *Angle

X 3 types of features

Points eLines e<Areas

21 ways to vary symbols for
representing mapped datal



Visual Variables

Ordered data

Lightness

Size

Separation




0
A
Is

la

Visual Var

Point

Line

Area

Qualitative data



Symbology: Review Q

» Size, shape, and angle as well as hue and lightness are
the primary visual variables used to create point symbols.

* Point symbols can represent discrete features such as
hydrants or telephone poles, or they can represent
attributes of area features. When point symbols are used to
represent quantitative data values for areas, larger symbols
represent higher data values.

* Hue, shape, and arrangement are used to represent
gualitative differences in data values (different categories
of features).



Symbology: Review Q

 Lightness, size, and separation are visual variables used
to symbolize ordered data.

« Dashed and cased lines combine the visual variables of
separation, shape, arrangement, and angle. Dashes add
pattern to a line, while casing helps increase line visibility
over multiple backgrounds.

» Area patterns should clearly represent logical relationships
within the data. Patterns with coarse and fine textures are
used to represent hierarchy in data values. You can use
shapes of elements within a pattern to indicate qualitative
differences in data. Angle and arrangement can also be
used with area patterns to indicate gualitative differences.



Putting it all together

How align map data and marginal map elements to
create an informative, but not disruptive map layout.

LN S

imdiruiing oae ar
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Putting it all together Q

GOALS:

e Clearly communicate the map content using
hierarchy of detall.

 Refine labels so that spacing within and
between lines of text conveys clear
associations with other map elements



Putting it all together ﬂ

Simple map...

o Population Distribution, 2000

Short title The area of each square symbol
is proportioned to the number

of people in a county or state. | ¢ Note to

The legends present example add dedtail
" symbol sizes from the many

symbols shown on the maps.

Legend title

Number of people |«
Peop elaborates

by county

. 10,000,000
. 5,000,000

=] 1,000,000




Map TltleS Include in legend

A map showing theldistribution of the percentlof people indicating

one or more races including American Indian and Alaska Native
who are under age 18 in 2000 by county in thelUnited States |
‘ prepared using Census 2000 Redistricting Data It's obvious

where...

Add as note

Percent Under Age 18, 2000 ndicating e

One or More Races Including “"r -
American Indian and L -} Nemman |:| L]
Alaska Native el sl it [ e s

uuuuuuuuuuuuu

[‘_'.?'5"-‘__‘ : " e

| H HA Pefcent of peopla
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o e I =l e races includ

o L =
g e ; / Ilumm:lr.:.n

Inddian and Alaska

| -
| T4 : agaaE: ; Mative mmn:-
a % z ; Wit aa undaer
: e LE by cownty
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Map Titles

a
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Percent Under Age 18, 2000

One or More Races Including

American Indlan and
Alaska Native
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Map Titles

Titles can be simplified by Native American Children
adding text notes and 2000
detailed legends in the map s

Percent of people Y\‘EH

indicatting gnepor g \‘7?

Percent of
Native American
population who
are under age 18
by county

more races includ-
ing American
Indian and Alaska
Native (AIAN)

who are under

High proportion of - 50.0 to 100.0

3 age 18 by county
Ao q AIAN are young
High proportion of 50.0 to 100.0 40.0 to 49.9
e AIAN are young 40.0 t0 49.9 U5, p;rcm;:.rn_de;;g 33.6 to 39.9
i . : or is 33.
~ U.S. percent un.:.a‘er 18 33.6 to 39.9 YR 25.7 to 33.5
4 for AIAN Is 33.6 25 7 to 33.5 for all people is 25.7 20.0 to 25.6

Low proportion of B 0.0t019.9
AIAN are young

U.S. percent under 18
for all people is 25.7 20.0 to 25.6
}j Low proportion of 0.0to 19.9

AIAN are young

The Native American population mapped includes both
American Indian and Alaska Native (AIAN) groups. This
population includes people indicating their race as AIAN
alone and those indicating AIAN in combination with
other races.

Notes should be low in the
map hierarchy




Describing calculations Q

Describing the work used to derive the map is
iImportant but difficult to describe concisely.

8o All races: u indicati
B Percent of people I_Dercer_1t of peqple |n_d|_cat|ng
indicating Hispanic or Latino origin who are

4y Hispanic or Latino| under age 18 by county” wordy
"'Rr origin who are
— under age 18
by county “Percent Hispanic under 18 by
s High proportion of 50.0 to 100.0 county” :
AT 5 30.010 100 y ambiguous
yf U}’S. ,?frcent_ “”.de__:.'; g 35.0to 39.9

oFr HISpAnics Is . " . .

U porcent under 18 25.7 to 34.9 Under 18 Hispanic percent by

_t“'o;' all people is 25.7 20.0 to 25.6 ” .

. i 0.0 to 19.9 county confusing
Low proportion of
Hispanics are young . .
ewer than 100 “Percent Hispanic who are under
Peo_ple_in county 18 by County 1]
indicatin Ispanic
origint 9 Hisp gOOd




Describing calculations Q

Brevity is good, but
coherence Is essential.
Readers will gain more

Diversity index
45 by state

U.S. diversity 0.49 t0 0.73
Ll 0.30 to 0.48

from the map If they Low diversity - 0.07 to 0.29

are sure what it

represents.

f you have diffculty

describing your [T\ Remramaetng e,
TN (e.g., 63 percent = 0.63), the

index is calculated in three steps:
A. Square the percent for each
group, B. Sum the squares, and
C. Subtract the sum from 1.00.
Eight groups were used for the
index: 1. White, not Hispanic;

calculations briefly,
add a text note to your
map layout.




Legend nuances Q

Some thought into the spacing and alignment of
legend elements makes for a far clearer legend.

: Transportation
Transportation and Land d Land U
Use Prince George's County, an an se
Maryland : :
Land Use Speed Limit Prince George's
County, Maryland
Urban —— <35
| Institution —— 35, 40 Landuse  Speed limit
B Defense  —— 45, 50 [_JUrban — <35
Institution — 35, 40
D Parkland e 55, 60 Bl Defonse — 25 50
Water B Parkland = 55, 60
| Water




Legends

Choropleth maps
A thematic map in which areas are colored or shaded to represent the
density of a particular phenomenon or to symbolize classes within it.

Incidents per
100,000 people

190 to 313
160 to 189
130 to 159
92 to 129

Round numbers for breaks and within labels

Increment labels (e.g., 0-10, 10-20 or 0-9, 10-19); this issue is
linked to rounding

Use the word "to" or a dash within ranges (this often depends
on whether the data includes negative numbers)

Label breaks between classes with single numbers rather
than labeling class ranges

Order classes with the highest numbers at the top (like the
vertical axis on a graph) or at the bottom of the legend

» Label ranges with the actual values represented by the

symbol, creating gaps between ranges

Use the true maximum and minimum values in the data to
label ranges or use statements such as "fewer than 100
people” or "more than 150 percent" for extreme ranges

Add annotations to describe classes and assist map reading



Legends Q

Qualitative maps

Housing characteristics colors/patterns as close to as they

» Area symbols should present

under construction appear on the map as practical.

siding (wood, vinyl, aluminum) * Use the same outline color and weight
' ' in the legend as in the map.
- stone or brick

Sample densities in

vacant building people per square km

. s 180
 Consider coloring the background of the —
legend to show colors as they appear on 150
the map. -,

» Dot map legends should give example
densities

Each square represents
100 square km



Legends g

Isoline maps

Isoline interval is 200 meters

Elevation in meters Elevation in meters
above mean sea level above mean sea level

Proportioned point

greater than 400
400

200 Number of people
0 = 100

200to 400
0to 200

below MSL




Legends

ArcMap and beyond

ArcMap allows some
flexibility in the legend
editor

per 100,000 per 100,000

450 - 92?
160 - 449
140 - 159
80 - 139

Mortality rate

Set the spacing between the partz of your legend.

— Spacing betweer;
Title and Legend [tems: 1 Im [phs.] te
2 Legend Item 1 Legend hem 3
Legend ltems: R3E | [ptz]
Heading Headng 4
3 B Labell fesoripbon = |abel desorpiorn
Columns: 536 | [ptz) | | =—
P Ebel desoipbon Label desoripbon
Headings and Clazzes; 4 B3 [pte] IEZ_":E' ole 5w D o ‘ﬁ‘-" desoriptio i
3
L d Item 2 Legend ltem 4
Label: and Descriphions: s 536 | [pts] egend ftem ILI
label desor label demorption
Patches [wertically]: 6 .36 |/[pts]
Patches and Labels: E | [pts]

Converting the legend to graphics
severs the ties to the data but adds
much control over the layout.

Because the link is

severed, this

should be done at the end of creating

the map.




Scale bars Q

_ 0 2 4 Kilometers
Graphic bar | I |
Verbal scale 1 centimeter equals 0.685 kilometers
Representative fraction 1:68,521
0 1,800 3,600 Meters
| | |
oor
P Use rounded numbers
0 2,000 4,000 Meters
l | ]
good




Direction indicators g

Compass roses

+ & $

ESRIMorth13  ESRIMorth 14 ESRIMorth 15

b 4

ESRIMorth 16 ESRIMorth 17 ESRI Morth 18

A

ESRAIMorth 19 ESRIMorth 20 ESRI Morth 21

RS

When direction is not




Summary Q

Cartography has many conventions and rules
which often must be bent or broken.

The two most important rules, however, are:

 to keep your map on message by adhering to
a sensible hierarchy of map elements, and

» always keep your audience in mind when
choosing what to say and how to say It.



