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Types of Maps

# Data always plays a role

% Maps — no matter what type -- are
used to visualize measurements of:
— Spatial
Data
-7 o Entities
— Aspatial
\ Data

N
\\

together
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Level of Measurement

x Ratio

#* Nominal Qualitative
= Ordinal
* Interval Quantitative

Ways to
organize data
-- Affects
analysis and
symbolization
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Level of Measurement: Nominal

#* Distinguish features based on
qualitative considerations, i.e.

differences in kind

— Establish identity of features

— Assign items to groups or categories based on type
(not on ordered value - no ranking)

- Examples: hospital ER status, land use

o LAND USE

Beth Isracl 4 Bozston
Deaconess L ~ ’,
e ey Dana-Farber Cancer
7 i
= STk

Acute Care Hospitals \ ’ children's

B Forest
B Meadow and pasture
B Bare rock, ice

Ernergency F.oom Skatus Mt st
[] Hospital with ER
[l Hospital without ER.

-,
5

o
o

&
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Level of Measurement: Ordinal

# Implies value by sequence or rank

(good, better, best; low, medium, high)
— order by some quantitative measure

— Intervals between
the numbers are
not necessarily
equal

- No magnitude
of difference;
not measurable

— Symbology must
reflect the quantitative
hierarchy

Airports Gil well Populated
production places
Point :?( international . high . large
X national O medium @ medium
X regional O law e smal
Roails Drainage Boundaries
EXpressnay tiwer international
Line major dream provincial
local creck __tounfy
Soil quality Cost of living Industrial
- regions
Area I oo I hioh 27 e
|:| fair |:| redium -
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Level of Measurement: Interval

% Differences between values is measurable but
no absolute zero (may be based on a

standard "“starting point”)

- Can’t say how many
times higher one
value is than another

- Example: F or C
temperature scale

e 30 degrees F is
15 degrees higher
than 15 degrees F,

but not twice as T
Wa rm -B0-50-40-30-20-10 0 10 20 30 40 50 60 70 B Q0100110120 F

2 - |
-0 -40 -20 -20 10 O 10 20 30 40 S0 €
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Level of Measurement: Ratio

W
L3

# Differences between values is measurable
(based on weight, length and area)

# Has a true zero (no features or sea level, e,g.)
- Examples: bathymetry, population (totals or density)

: : Lake -Superor Bathyme - - : : : . .
L ..___(:]G[!]D:]Qﬁﬁ) ymetry i 49
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Level of Measurement

% Comparison using same symbols, but different
levels of measurement

Legend of Population of Cities
Mega
Large 500k
Medium 250k
Small 250k - 500k 100k
100k - 250k 70k
Ok - 100k
50k - 70k
Ordinal
Ratio
Interval
(Range-graded)
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Level of Measurement

#* NOTE: Nested in one direction only

— data at higher levels can be reduced or generalized
to lower levels, but not vice versa

— on maps, data can be displayed below, but not
above, their measurement level

Population Change 1990-2000

Source: United States Census Bureau, Census of Population and Housing, 2000
Note: Alaska and Hawall are not to scale.
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Nature of Geographic Phenomena

* Discrete A W
— Individual items at particular P T N
locations . ) et Torn il
— Empty intervening areas or zero Hamsil ity all '
value 85 e v

- Examples - houses, monitoring
stations, roads, calderas
# Continuous
— No location is empty

— Surfaces may be smoothed or
stepped

- Examples - land use, temperature,
elevation

EnvSci 360 - Lecture 4 10




Absolute vs. Derived Data

#* Absolute - “raw” data values
— Single class of features

— Uses appropriate
measurement
scale

- Examples:

land use

temperature

e soil types

e elevation

Low Density Residential

<+ Very Low Density Residential

% Transitional

y

ﬂ; Golf Course Urban Public/Institutional
I rarticipation Recreation B conmercial
- Spectator Recreation - Industrial
. \Water-Based Recreation - Transportation 1
" saltwater Sandy Beach @ IMarina - Powerline/Utility h
B8 cranberry Bog £ Multi-Family Residential B wining !

ﬁ Orchard
e ﬁ Nursery

. High Density Residential

' Medium Density Residential

= A0 < ="

. ‘Waste Disposal

’ Junkyard
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Absolute vs. Derived Data

# Derived
— Obtained from raw data

— Summarization or relationship between features
(averages, ratios, densities, and potentials).

e population density, average temperature, per capita income, etc.

Source International Monetary Fund, as of Apnl 2008

1l 30,000+

12,000 - 30,000

[[]6,000 - 12,000

[3,500 - 6,000

[]2,000 - 3,500

[]1,000 - 2,000 . ]
[F]500 - 1,000 GDP (Nominal) Per capita
o - s00 . 2007
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Thematic Maps

% Let’s take a look at how levels of measurement,
discrete and continuous data, and absolute and
derived data come in to play when designing
thematic maps
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Thematic Maps

# Known as “special purpose” maps

# Display aspatial data spatially (by linking them together)

50 and Over
nt of the population 50 years of age & older
By Census Tract

#* Focus on a =5 .
feature and N /E_|
display its = ?
spatial pattern 55—

# There are a R, o\t
number of F R AAE =
mapping — |
techniques for = = i
displaying < e /Lv“
thematic 4 / ------ .
information !

. [ —ih
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Thematic Maps

% Consider whether data are Qualitative or Quantitative

D rane

Categories .
Categories

uantities .
General ] Source ] Selection ] Dizplay Svmbalogy ’ Graduated colors Quantities
Graduated colors

Graduated spmbiols

. Graduated symbal
Proportional symbalz acualed sl

Proportional symbals

. Categories Dot densit .
Cateqgories g_ R ¥ . Dot denzity
- Quantities Charts Categories
Inique values R i . Charts
. Graduated colarz: | Multiple Attributez | Quantities R i
IInique walues, many | Multiple Attributes
} Graduated sypmbo Graduated colors
b atzh to symbolz in a .
. Proportional symb Graduated spmbiols
Quantities . .
Charts Dot dengity Froportional spmbols
Charts Dot denzity

Multiple Attributes Charts

¥ | Multiple Attributes

Multiple Attributes

£ | I | [

Qualitative Quantitative
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Qualitative vs. Quantitative Data

# Distinguish differences in data with cartographic
“visual variables” Best to

Points Lines Areas show

: A ible, b litati
Thegraphic  shape @ g | el ier | oo | gt
language used to

represent ° n quantitative
. . I Ti “
information about Size .. . .?-I: R | differences
the world, whether ' —
Color f— litati
_reference or olor ... I". qualitaive
thematic, qualitative -
or quantitative, Col — — o
consists of point, el L 7 L‘- Yifferences
line, and area
I
Symb0|S. Color . . . qualitative
Intensity o L.‘ differences

III'!IIIIIIIIIIIIIIIIE --’:-?Em,fﬁfﬁ
NHHH s | qualitative &

'!".-..':lTll - 4"-:*'.." . i
e, 8 ¥ @ | NS [l
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Qualitative Data Maps

# Based on unique numeric or character fields in
attribute table

= ==
i Wanthra
Lighthouses | | Public Water Supplies Public 'Water Supply Protection &reas
: Zommunity Groundwater Source Approved Wellhead Protection Area (Zone II)

i].. ";j?‘["'"ﬂ"‘ = 2 Surface Water Intaks E3 Interim Wellhead Protection Area (IWPA)
h ( & Mon-Cornmunity Groundwater Source e e
' &) Emergency Surface Waker 0 Pond, L5
) Deerlsiand Light 5 [ Local Palice
; & g - = B3 State Police
P L re By 1oty Light Lang Islznd Hslarl Light J e County Sheriff

-\.19 aps f""J’.‘a‘ Q‘E

(i
% Bug Light = i [
f . AMESBURY
— " | SALISBURY
i am 3.-.1_r.|."_:'"r. AC NE

Peddar ﬂ19f1511°-'L:_'"1r

ﬁ PRITVE Roc Lignt

ﬁ_Lighthuuse ip Aazk <t =

A Light | X?
=) =
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Qualitative Data Maps

# Classification method using color hue and shape and
texture to symbolize different categories of data

Points

School Type

Public

Priwate

Charker

Collabor ative
Special Education

HRERRK

Transit Center @
Landmark [ |
Hospital H|

Park & Ride Lot [
Bike Lockers B

- Can take the form of
dots, circles, letters, icons

Lines

Regular Bus Route sl

Peak Only Bus Route ====[{00} ===

Shuttle Route = m—

SelectedTrips A

BLUE Lle%
GOLD L|NE45P

Linear Water Features

FPerennial Stream

—_ Intermittent Stream

Shoreline

- -=--- Intermittent Shoreline

— Mdanmade Shareline
== Diteh/Canal
—a— Aqueduct

e [ 3Ty

— — Channel in W ater

Areas

Surficial Geology Map Units
Shallow Bedrock

E—— “bundant Outcrop and Shallow Bedrock
Postglacial Dep osits

I Adificial Fill

[ ] Beschand Dune Deposits
[ ] Floodplsin Alleium

[ ] Satt Marsh Deposits

: Swamp Deposits

Early Postglacial Deposits
[ ] Marine Regressive

:| Inand Dune

Water Bodies s BaltWetland
Pond, Lake, Ocean sl

R ietland

157
¥ Reservair @ Cranberny Bog

'-_'_': Inundated Area

. Submerged et and
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Qualitative Data Maps

# Types of symbols
— Geometric Symbols ® I A
° Dot ‘ FER RN
e Line
e Solid- or line-filled area

— Mimetic Symbols % o m O 0O
e Pictorial, look like the feature & & X ¢
e Must be unambiguous LR
e Not too much detail if small Commuter Ral Stations

e Don’t be too whimsical - may T Regular Service

Iose deta” T Used Seasonally or for 3pecial BEvents
Amtrak Stations
e You can create your own and o)
combine existing symbols Commuter Rail Lines
tOQEther o~ Regular Senvice

_.-' lzed Seasonally or faor Special BEvents
» 7 Under Construction

.*" Proposed
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Qualitative Data Maps

# Qualitative thematic maps are also known as descriptive
maps. Some examples:
— Region Maps
— Resource Maps

Q3 FEMA Flood
L

ANI
X500

Lo
] unDEs

Homeland Security Planning Regions

Boundaries based on pre-defined areas (e.g., states, Census Blocks) Boundaries defined by spatial distribution of data
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Qualitative Data Maps

% More resource-based thematic maps

STATSGO Soils Database

W "

[ImEmm

_{E0
— Lakesisjor St

Cli
Figure

mates of the World
428

Two more examples where the boundaries between
categories are defined by the spatial distribution of the data,
independent of political or other administrative areas.
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Qualitative Data Maps

You can even use picture-fill symbols

b
K

RANSAS 7 2.
'\1_ ) #

ALASKA
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Quantitative Data Maps

% Based on numeric attribute data, grouped into
statistical categories (classes)

— Not every unique value is mapped

e
T -

!

Deaths/1000
Live Births _

175

Lo

World Infant Mortality Rates, 2008
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Types of Quantitative Data Maps

# Choropleth

- Use a uniform color or pattern to fill an area based on pre-
defined zones (e.g., states, counties, Census boundaries)

# Isopleth
— Use color to fill areas defined by isolines (lines
representing equal values)
#* Graduated symbol, Proportional symbol

— Use scaled symbols (points or lines) in order to indicate
the relative quantity of a particular data attribute

Chart/Graphs

— Use pie charts or bar graphs to represent values of a pre-
defined zone

e May also be proportionally sized

#* Dot (dot density)

- Use a fixed size dot symbol to represent a fixed quantity of
data

"
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Choropleth Maps

# Use of reporting zones (areal units) to
symbolize volume
— Zones are independent of (not defined by) data

— Types of attributes:
e population
density
e mortality rates
e average income
e Etc., etc., etc.
- Use normalized,
not raw data

Per Capita Income for Connecticut Towns, 1998

values (divide one e Per Cople IO
= [ ] 22,696 - 29,235
field by another), L 2 m

I 53.849 - 75,714

or group values

EnvSci 360 - Lecture 4
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Choropleth Maps

# As long as you can link
data (aspatial numeric
attributes) to your
area of interest
(spatial component)
using common fields
(like State abbrev.,
Town ID, etc.) you can
group and map them

% From Choros - place,
Pleth - value

Baer Cnl)sumt‘d’a\r\nldly: Callons pcc(qpq.l

- Under 15 0.2 | 228 - 28-2%
| 1519 2223 B o | e
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Choropleth Maps

# Values usually follow the convention of darker meaning
more and lighter meaning less

You would normally use
actual values unless text is
meaningful and understood
by a map reader.
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Choropleth Maps

# Considerations of classed choropleth mapping

— Size and shape of unit areas
o Better if small

e Better if equal size
— Number of classes Missouri
o Consider maximum | | '™
that can be easily e 10..25
read m 2
e Depends on = o e
monochromatic or i
color Sk ). % Caia i
. . population by census tract.
— Determining class
limits

e Should highlight critical values
e Beware of biased views
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Choropleth Maps

# Comparison of raw vs. normalized data (ratio mapping, derived data)

Total Population of 2000 Census Block Groups Population Density of 2000 Census Block Groups

POPULATION
| lo-7m

S T - 006

| EEAEELES

POP. /ACRE

| 0.00-1322

i3 Provides a

| B z2s1-841 truer picture

B a0 of actual
phenomena
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Classification Schemes

* Ways to form the classes:

# Natural Breaks - based on natural groupings inherent
in the data

# Equal Interval - data divided into equal-sized ranges,
based on set number of classes

# Defined Interval - user defines the interval, which
determines number of classes

#* Quantile - each class contains an equal number of
features

¥ Standard Deviation - shows how much an attribute
value varies from the mean

% Manual - user defines class breaks manually

EnvSci 360 - Lecture 4
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Classification Schemes

% Base the scheme on the data you're using
# Look at the distribution of values (view the

histogram in
ArcMap) -

unique to

each dataset

# It's often
difficult

to distinguish

more than
7 classes

I Snap breaks to data values

2]
r— Clazsification r— Classzification Statistics
Methad: Count 5047
binimum 1]
Classes: M i B131
— Diata Excl Sum E3439097
Mear: 1258
Exclusi | Sampling ... | M edian: 1110
Standard D i 628
Caolurnms: 100 I ShowStd. Dev. [ Show Mean
Break Yalues b4 |
300- TR 2 = E
®z = =) o —
- - ™ © 1311
250 1865
2670
E131
200
140
100
a0
0 1 I 1
u] 1633 3066 4598 6131

Cancel |

Histogram view in ArcMap
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Classification
Schemes

% Comparison of
four choropleth
classification
schemes to map
the same data

The method you choose
can greatly affect the
appearance of the map.

Mobile Homes Density

Matural Breaks

[]=z102- 4103
I 4104- 6757
Bl crse- 11es
B 1ss- 2520

Equal Interval

[s5148-1018
[ 1017 - 1547
B 5152010
I 020 - 2520

- e— 5

,,%E 0 100 200

Standard Deviation

[ Jo1zza-210

[ Jorsza-5147

[ « -0.5000 Std. Dew:

[ ]-0s000- 0.5000 Std. Dev.
|:|D§DDD- 1.500 Std. Dew.

- * 1,500 Std. Dew.

Quantile

[ Jodsz4- 1487
[ 14882433
I 2434 -3 501
I 3502 -5 400
I 5 401 - 2520

Maorth Central US &
David Maguire Od 2004
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Classification Rules

# Each class interval is unique
— No data value can be in more than 1 category
- Use 1-2, 3-4 or 1-2.9, 3-3.9 (not 1-2, 2-3, etc.)
% No gaps should exist between class intervals

- Even if values don’t exist (but may be overridden
with ArcMap’s “Use data values” checkbox)

#* The number 0 (zero) is often a valid value

— The absence of something can be as meaningful as
its presence

# The classification scheme should make sense

— Should be consistent and use understandable
categories and intervals

EnvSci 360 - Lecture 4
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34

Choropleth maps with gray and color shading

Choropleth Maps
# Visual effects
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__.'_.
-

Choropleth maps with and without boundaries

< Visual effects

|
o,

Choropleth Maps
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Choropleth Maps

% Visual effects

Choropleth maps at different scales

Small scale Large scale - easier to see shading
differences when using outlines
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Choropleth Maps

% Visual effects

Simple - stick to the boundary

Classless - show gradual

changes

EnvSci 360 - Lecture 4
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Choropleth Maps

# Dealing with small polygons

One-year forecast change in jobs

Jrel guarter 2010 va. 3rd quarter 2009

Nice use of labels —
with representative
colors — for small,
crowded states

FAINE

EnvSci 360 - Lecture 4
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Choropleth Maps

# Legend that
does not
show actual
values

— Just shows
general
pattern

— Nor does the
map give any
indication as
to what
“normal” is

August 2012
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Choropleth Maps

# No legend
at all!

- User
must
read text
under
the title

- Also, no
units on
scale bar

Texting while behind the wheel

States in dark blue bar teding for 2l drveers, Light Biue indicates states weighing legistation to ban teding for 3l

drivars. Gray indicales stales wilh no aclive legislalion, Whilz indicales states wilh no legistative session
scheduled for 2010,

EnvSci 360 - Lecture 4
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Choropleth vs Dasymetric Maps

% Dasymetric - mapping unit boundaries are different
from collection units

- “"Density measuring”, still with homogeneous areas
- Use other information, sources to realistically place

symbols

— Very useful in showing spatial trends

Choropleth map

Population Density 1990

_§ [viminin

(per sq km)
0
0-25
25-75
75-175
175 - 375

375 -20,170

Dasymetric map

Same
population
data,
different
mapping
methods
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Isopleth Maps

# Ideal when your data values vary continuously and

smoothly over space

- Temperature, Rainfall, Elevation, etc.

* Boundaries
not based on
pre-defined
zones

# Aka “isarithmic
mapping”

http://nadp.sws.uiuc.edu

Hydrogen ion concentration as pH from measurements
made at the field laboratories, 1998

National Atmospheric Deposition Program/Mational Trends Network

EnvSci 360 - Lecture 4
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Isopleth Maps

# Based on interpolated
values of known point data
locations with X,Y,Z values

# Results in a generalized
view of the data (the more
known points the better)

Normal Mean Temperature
Annual

N

—71 ] Awverage Annual Precipitation

- Texas
This is & map of annual precipitation averaged over
the period 1961-1990. Station observations wers |
colloted from the NOAA Cooperative and o )
USDA-NRCS $noTel networks, plus other state and Copyright 2000 by Spatial Climate Analysis Service
local networks. The PRISM modeling system was | ‘ ‘ ‘ Oregon State University
used to create the sndded estimates from which this

tap was made. The size of each grid pixel is
approximately 4x4 lan_ Support was provided by
the NRCS Water and Climate Center.

o D ot Dl o o o o o o o
[aRerEeN el {o X o BEey S S NS, Ku)]

degrees F

hittp:iheminws o orst echuiprisia

The e, ERISM digtl i State Climatology Office -DMNR Waters

be obtamed from the Climate May 2003

Sowres at
hitpithoras climatesource com

[ Underld [ 3tt038
O 14wot8 [ 38042
[0 1822 [ 42t04
[ 22 M stosn
[ %03 Wl siws

N 30034 [ AboveSt
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Isopleth Maps

% Example shown with isolines displayed

§

s BB EEEE B

-]

Same area shown in 3D

EnvSci 360 - Lecture 4
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Isopleth Maps

# Kinds of isarithmic mapping
— Values that can occur at points - isometric lines

e Actual - temperatures, spot heights

e Derived - averages, medians, ratios => referenced
to actual values at points

— Values that cannot occur at points - isopleths

e Actual - “grouped-together” ounm e
values (people in a city) | il

e Derived - only for an area
as a whole (people per
sq. mi.)

e A point is assigned to
a location (random, or
specific, like centroid)

Ficure 2.16 Contours drawn for an imaginary island. The
intersection of the landform by a plane held parallel to sea level

is a contour representing the height of the plane above sea level.
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Graduated Symbol Maps

#* Symbols on map
match fixed sizes in
legend

The sizes of the circles
on this map are the
same as the five in the
legend

Southern California Cities
Population, 2000

8,035 - 38,271
3H272-114 365

. 114,364 -1 517,550

. 1517 551 - 3,694,520
.3,594,321 - B,008,275
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Proportional Symbol Maps

#* Symbols in legend
are representative
of sizes of symbols
on the map. Shown
here are point

symbols.
Southern California Cities
The sizes of the circles Population, 2000
on this map can be any ® 10000
size, based on the .mmm
range in the legend

i

EnvSci 360 - Lecture 4
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Proportional Symbol Maps

% Symbols in legend are representative of sizes of
symbols on the map. Show here are line and point
symbols.

Country Tatal  Route Total

@%:ﬂ} o8 = l||]:|
Wullion s of Winutes
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Chart/Graph Maps

# Pie Charts

L ] ™ -
>/ ¢ (K.
. ®
® o o:
s  ® e (X )
® 2
. L ..
¢ 0. e ®
¢ ® 9 o ®
. ©e0® @
o
hhhhhhhhhhh on
As % of Total Population
. uuuuu
. — o ®
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Chart/Graph Maps

}E B a r Marketing plan for drinks in year 2004 (United Kingdom )
Graphs
Can be
tricky to
display if
the charts
are big
and the =
polygons ol
are small E’ﬁ;ﬂ;
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Dot Density Maps

# Concerned with the relative geographical crowding/clustering
or sparseness of discrete phenomena

— People, animal or plant species, crimes, business locations, etc...

Tutuila & Aunu’u Island,
American Samoa

Total Population
[M1poat=5

= 2000 Population

oo 3y o f S Riles
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Dot Density Maps

% Success of a dot map
— Size of dots - not too small, not too big

— Unit value of a dot
e not too low, not too high

e Usua | |y > 1 Where the nonmetro poor are located, 2004

— Location of the dots
e center of gravity?
e equal distribution?
e use other references
— You can mask areas
where phenomena -

don’t occur o i
(e.g. water bodies) _—

Source Computed by ERS using data from the US Census Bureau

Each dot represen ts 200 poor persons living in a nonmetro county
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Multi-variable Mapping

# Different
quantitative
variables are
shown on one
map, with
different
symbolization

This map uses
choropleth and dot
density mapping
techniques to portray
the H3N2 swine
epidemic situation in
Ontario in 2005.

: ..: . *:T.-:'..:f—.lj“\...' : T : :

Kilometers
75 150 300
L I I I | |
g ) : “’.“-'?
W

I:I Cluster of HAN2-positive herds in 2005
L 11 Dot =17 herds in the target population
CD-level sampling fractions

-

|:1|_l:| u::t =I'D %iﬁ:
oF 15 LB

T,
.‘Q ‘s:“

E
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Multi-variable Mapping

Marging of Victory (%]
for George Bush for John Kerry

0-10.47 0-6.65
10.47-17.0: 000 G 65-18.29
17.08-2255 000 M 15.29-100
- ) 22 86-33.22 0
This map uses shaded polygons using two 33.22-100 0

color gradients, one for each candidate, plus
symbols indicating percent of voter turnout.

YVoter Turnout az
Fercentage of

Voting Age Population

Qn-55
©55-50
@c0-100
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Multi-variable Mapping

VIOLENT CRIMES IN THE USA

FLUCTUATIONS AND DIVISIONS BY STATE BETWEEN 1978 AMD 1998

Freorm of Kech (esstfisson ot Viskei O Cragors

Percers Cheage of Violess Crirmes Gy 8 Yosrs

S wel Pratues By Py Frell Hanh B ey St Bererer ¢ 0o AT T poieaers
rmnm o brn e FTossm— SAm— )
s i B, B st 54, it i Finateg g, | ot | may | b

emm e B o Lo, B

P Lo g g, i & BV

This map uses
pie chart colors
to represent
increases and
decreases in
violent crime.

Further, the
pies are broken
into pieces, one
for each crime
category -
murder, forcible
rape, armed
robbery, and
aggravated
assault.
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