Geog183: Cartographic Design and Geovisualization Spring Quarter 2020

Lecture 5: Choropleth and bivariate
maps and classification



iIc symbolization

Cartograph




What is symbolization?

e Assumes map objects are thematic, and purpose of
map is related to point, line, area, or volume objects |

e Assumes choice of scale and granularity

Cut — Fill..oon...e. ) o)

e Assumes choice of continuity model i Gup...cc

Dune area

e Assumes choice of data level (adds cyclical, counts, sind e |
fuzzy’ bipOIar) Tailings:..immnasis

* Goal is to use data to visualize phenomenon )

* Make choices of cartographic method (e.g. choropleth, ... e
proportional Sym bOI, isopleth’ dot) Channel.... E=Z257  Small wash....... e

Sounding—Depth curve ~22—" Marsh (swamp) -

e Apply and adjust visual variables Oy take ... CTTEETD EoRRSHRE hdRaaton -
Woodland.................... F ~ Mangrove................. ﬁ-ﬁ%
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Dots, proportional symbols, isopleths, choropleths
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Visual Variables
for Quantitative Phenomena

Point Linear Areal 2%-D True 3-D

Spacing

Size

Perspective | None

Height ' _ -. F/”\—ﬁ‘{::/\ Possible
A Y \..
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Color =k, 'o,%
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Hug | Oome | Vo R
N | vellow
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Dark
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s
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O Dark Green \ Light Green
Color
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Wivid Red
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Bertin’s Visual Variables

Visual Variables
for Quantitative Phenomena

Point

Linear Areal

22-D

True 3-D

Spacing )
S,
.

Size

Perspective
Height

None
Possible
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Pattern: Combining visual variables

Microbreweries and Brewpubs

Number of Establishments

g "l ")

3to 10 11to 15 20 to 32 44 to 72 149
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Proportional Symbol

90000009%00- -?K

. | .




Choropleth

A Wheat Harvested in Kansas, 1993

(unstandardized)

0.7 to 54

||

B Wheat Harvested in Kansas, 1993

(standardized)

b

Thousands of Acres Percentage of Land Area
6610 108  116to 142 144t0 191 199 to 444 0.7t09.8 10.2t019.3 20.6t028.1 30.7t0c 40.6 54.9t0 58.5
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Each Dot Represents
12,000 Acres of Wheat
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Isopleth

10—

Contour Lines Represent

Percent of Land Area
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Visual Variables
Wheat Harvested in Kansas, 1993

Perspective Height B

E

Percentage of Land Area

L[ T

10.2t019.3 20.6to 28,1 30.7Tt0 40.6 54.91058.5

0.7w98 1020193 2061281 307406 54910585

Orientation

4

Percentage of Land Area

N | |

10210193 20610281 30710406 54010585

0.7 to 9.8
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Perspective Height

Prentice Hall, Inc.
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Slocum’s Symbolization conclusion

Nominal Ordinal Numerical
c c
Spacing P M M
Size P M M
Perspective Gb
Height
QOrientation =]
Shape P
Arrangement P
Lightness M
d
Hue M
Saturation M
P = Poor M = Marginally Effective G = Good
2 Since height differences are suggestive of numerical differences, use with caution for
ordinal data.
e Hidden enumeration units and lack of a north orientation are problems.
¢ Not aesthetically pleasing.
d The particular hues selected must be carefully ordered, such as yellow, orange, red.
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Next, choropleth in detail
Greek ywpo ("area/region") + mAnBoc ("multitude")

2014-2015 Immunization Percentages
in California Child Care Facilities

% of children from reporting facilities
that are up to date on their vaccinations

Key factors

e Resolution of base map

e Data
e Source and processing
e Classification

« MAUP -

¢ Legend 51-60%

61 - 70%

e Symbolization n-ao
e Figure/ground and details 91-100%

Source: CA Dept of Public Health



Units or “Geography”

EEEEE

* Do the data collection units have meaning, or are they simply a | ﬁ‘*—'_;
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Census Blocks and Census Tracts

Greene County, Arkansas

Census Tracts
Census Blocks
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Census units

Change in Census Tract Boundaries 1990-2010
Providence, Rl Neighborhoods

2000

28
Wanskuck

1990

Blackstone

34

30
Maunt Hepe

32

Mount Fleasant

Mount Pleasant

37 Fox Point

16

Eilver Lake

17

Mlajor Differences 1990-2000;
-Tract 36 split

-Tract 36.01 ahsorbed some of tract 35
-Tract 1 split and absorbed part of 2
-Tract &, & and 7 changed boundaries
-Tract 18 absorbed some of tract 17
-Tract 20 absorbed some of tract 21

- Tract 25 absorbed some of tract 22
-Tract 31 ahsorbed some of tract 26
-Tract 30 no longer exists- absorbed by tracts 29,
31 and 33

Washington Park

Mote; In 1990, the City of
Providence was not exactly
comprised by tracts 1-37 (as
it was in 1980 and Z000).
Portions of additional tracts
were within municipal limits
and portions of 1-37 were
actually within other
municipalities, 1990 tracts 1-
37 are shown for simplicity.

South Ebmwaad

1.02
South Elmwaod

Mount Hope

Washington Park

Blackstone

1.01

MWlajor Differences 2000-2010;
-Tract 21 split

17 siver Lake

1.02

South Eimweed

Blackstone
32 34

1.01
Washington Park

The ProvidenceFlan

10 Davnl Square, Suite 300
Frovidence, Rl 02302
wisna provplan.oe

ProvPlan



MAUP

* Modifiable area unit problem
* Also called the ecological fallacy

* Source of statistical bias that can radically affect the results of
statistical hypothesis tests

e Results when measures of spatial phenomena (e.g. population
density) are aggregated into districts, usually for counting

* Openshaw (1983) "the areal units (zonal objects) used in many
geographical studies are arbitrary, modifiable, and subject to the
whims and fancies of whoever is doing, or did, the aggregating."



MAUP in a nutshell

! Spread bias



Methods for classification

* How many classes (vs. none)

e Eyeball, interactive -> Histogram
e Natural breaks
e Equal intervals

 Unequal i.e. non-linear
e Quantiles

e Standard deviations

* Jenks-Caspall analytical method



For example

Michigan Percent Unemployment: March 2012

=

55000 -10.0000

10.0001 - 15.0000
15.0001 - 20.0000
20.0001 - 21.6000

Equal interval
4 classes

[155-82

[]83-96
97-1124
B 11.25-1276
W 1277-216

Quantile
5 classes

-~

65777

7.78-10.64
6.85-13.92
.1

[ ]
]
]
B 13.93-17.0

W 171200
B 201216

Standard Deviations
6 classes



Classed Versus Unclassed Maps

A

Foreign-Owned Agricultural Land, 1992
. (classed)

Percentage of Privately Owned Land

BN

B

Foreign-Owned Agricultural Land, 1992
(unclassed)

Percentage of
Privately Owned Land

0.0to 0.4 06to1.2 151031 5.2 141 o 35 71 10.6 14.1
C D
Adults Not Graduating from High School, 1990 | Adults Not Graduating from High School, 1990
(classed) (unclassed)

Py

Percentage of Population

T .

14910192 19910225 229t026.1 27.9to30.0 31.7to35.7
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Choropleth Maps Without Class Intervals?
W. R. Tobler

It is now technologically feasible to produce virtually continuous shades of
grey by using automatic map drawing equipment. It is therefore no longer neces-
sary for the cartographer to “quantize” data by combining values into class
intervals. As a simple illustration an automatic line plotter can be programmed
to draw lines virtually any distance apart (Fig. 1). Thus, one can obtain any
desired destiny of inked area to white area. For example, if the geographical data,
symbolized by 2, are normalized to lie in the range from zero to one, then an
appropriate spacing of orthogonal lines of width w is given by

s = (w/5%) « [1 4 (1 — s2)%].

Here an exponent (x == 1.4) of z has been chosen to approximate the nonlinear
response of the human eye [73]. The units of the spacing s are those of w.



A
Foreign-Owned Agricultural Land, 1992

(classed)

Percentage of Privately Owned Land

0.0 to 0.4

1.5t0 3.1 5.2 144

0.6to 1.2

C

Adults Not Graduating from High School, 1990

(classed)

-

Percentage of Population

149t019.2 199t0225 229to26.1 27.9t030.0 31.7t035.7

B
Foreign-Owned Agricultural Land, 1992

(unclassed)

0 3.5 71 10.6 141

Adults Not Graduating from High School, 1990

(unclassed)

Percentage of Population

| |

14.9 201 25.3 305 35.7
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Histograms
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Jenks and Caspall (1971)

e Calculate the sum of squared deviations between classes (SDBC)
e Calculate the sum of squared deviations from the array mean (SDAM)

e Subtract the SDBC from the SDAM (SDAM-SDBC). This equals the
sum of the squared deviations from the class means (SDCM)

o After inspecting each of the SDBC, a decision is made to move one

unit from the class with the largest SDBC toward the class with the
lowest SDBC

* New class deviations are then calculated, and the process is repeated
until the sum of the within class deviations reaches a minimal value

e Final classes are uneven, but optimal
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e Patterns of lines (do not vary orientation)
e Dots (beware Moire patterns)
e Monochrome Shading

* Include areas?

& 2
» o

 Hue not a good variable, unless bipolar distribution

e Different schemas: Munsell vs. Stevens
e Use saturation or intensity

e 2 color shading
e Color shading



Perceived Blackness

100
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50
Percent Area Inked

100
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A

Adults Not Graduating from High School, 1990
(Munsell)

Percentage of Population

14.9 20.1 25.3 30.5 35.7

B
Adults Not Graduating from High School, 1990

14.9 20.1
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Hall of shame

Hazardous Waste Site Installations (1997)
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The legend

27 - 34
15-19
7-12
1~2

5 I 2 -
- 15-19

{~12

1-2

A
1=2 7~12 45-418 27-94
B
o7=%4 15=18 F=18 ] =B
C D
57 = B4 1-2
15-19 7 - 98

=12
1-2

14 = 19
27 - 34
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Handling the areas

Handling Solid Black Areal Symbols
Wheat Harvested in Kansas, 1993
B
Percentage of Land Area Percentage of Land Area
0.7to4.5 5.2t016.8 17.0t023.1 23.31031.8 32.21058.5 07t04.5 52t016.8 17.0to23.1 233t031.8 32210585
D
Percentage of Land Area Percentage of Land Area
0.7to45 52t016.8 17.0t023.1 23.31031.8 32.21058.5 07t045 52t016.8 17.0t023.1 233t031.8 32.2t058.5
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Bivariate choropleth maps

 Method for comparing two dissimilar distributions on the same map
e Popularized in the Census Atlas

* For choropleth, best with few classes

e Uses overlay legend

* Need contrasting colors

e Can do with Inkscape using automatic registration and transparency



Median Age in Years: 2010




percentage of rural
population
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348556 55.6- 726-97.7 %
-12.6
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21.0-24.9
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Factors contributing to desert climate - temperature and precipitation.
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L

1990 Divorce Rate
7.4 7.4-9.1 »9.1

U.S. Divorce Rates

2.6 2.6-3.4 3.4

Divorce Rate Increase
Between 1980 & 1990

by County

7]

Z-variable mapping scheme adapted from exampla: by
Or. Cynthia & Brewer,
see http: S owewew essc peueduS~chreswer fCalorsch fSchemes htmil



READING,
AND EARNING MONEY

The latest data from the Us. Censi
paints a fascinating picture of the
we've looked at the educational ac
af th t

(&) HIGH SCHOOL GRADUATES

(B) COLLEGE GRADUATES 15 2% 3% A0%

@ MEDIAN HOUSEHOLD INCOME

The map at righit is a productof overlaying the three sets of data The
vatiation in hue and value has been produced fram the data shown
above, In general, darker counties represent a more educated, better
paid population while lighter areas represent communities with fewer
graduates and lower incomes.

A collaboratlon between GOOD and Gregory Hubacek
SOURCE: US Census.
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https://archive.nytimes.com/www.nytimes.com/interactive/2009/03/10/us/20090310-immigration-explorer.html

Immigration Explorer
Select a foreign-born group to see how they settled across the United States.
. — ——, SHOW | Percent of population

All Countries | »

1880 W0 1800 0 1820 B0 1940 B0 1960 T0 1880 WO 2000

 Numbor of esidents

Largost foreign-bom
group in sach county
HEN canada
HEE western Surops
T asiz, weddle East
EEN L ofn america
N Russia, E. Eunpa
A Africa

&% 5N

Mo data

Mole: Due o limitalions in the Census date, foreign-bomn populations are not avaskable i all aneas for all years.

Soutces: Soctal Exploner, www socilkaxplorer.com; Minnesola Papulation Cenler; U8, Cansus Matthiw Bloch and Rober GabelafliThe Now York Times

Borrmmig


https://archive.nytimes.com/www.nytimes.com/interactive/2009/03/10/us/20090310-immigration-explorer.html

Multivariable by multimethod

% El Porvenir

Clean Water for Micaragua

El Porvenir Impact:

- Improve living standards in Nicaragua
through lower incidences of water related
dizeases (e.g. diarrhea, skin infections,
cholera, parasites, etc.) and mortalities.

- Improve productivity and educational
opportunity for women and children by
freeing Time previously spent carrying water

- Improve the lives of women and children
who carry water great distances by helping
them construct water projecis closer to their
homes.

- Reduce environmental contamination
caused by poor zanitation (human excrement)|

No Access to Potable Water
Percent of Population

[ ]as-23s

[ 240-432

B 5-618

s

| BEEEETY

No Access to Hygienie Services
MNumber of Households

®  0-542

@ :co15m0

. 1%81 - 3312

3313 - 5833

oD 15 30 ED on 120

Crid Souice: INIDE, Gt Werdclplan
Canen de Patiscon y Viviende, 2005
Coordinide Systarm GOE WGE 1984
Dutur: WOE vt

Uit Degos




Chernov Faces poring 15

Eye spacing

Eyebrow slope Head eccentricity

Eye eccentricity
Eye size

Pupil size
Mose length

Mose width

Mouth curvature

Mouth openness

OOV OOODD
WOOVOLODLHD
O9OOOYLLYOD

The Distribution of Voting,
Housing, Employment and
Industrial Compositions in
the 1983 General Election.

Social Indicators ~ High
3 E L =
echr: g
» Adult Emiployment .
= EMenn Howsing Price -

].-'ﬂm.rg Clver Purtics

Composition ;;-' &,

Labaur Canseryvalive




Summary

* Map symbolization depends of data dimensions, level, scale
* Must often first standardize and classify

 Choose method or map type: choropleth, isopleth, dot, proportional
symbol

» Take care with visual variables and their interactions
 Examined choropleth mapping in detail: classification critical
* Looked at bivariate and multivariate methods

 Complexity bad, simplicity good
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