orams.
20graphic Areas
olumes

Andy Anderson

Academic Technology Services
Ambherst College
Ambherst, Massachusetts

Neorenzase Are Users Group Soring Corifererice 2009 May 12
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What'’s a Cartogram!?

c map .

Total Carbon Dioxide Emissions

JC

2004
Nations in proportion to CO2 Emitted

U 10X1de Credit: Tom Gross, ESRI

1SS10NS.

CreatinglGartograms iV akinglGeograpIALEaSESPEGRIVOIUTTIES
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Global Carbon Dioxide Emissions
1980 - 2004

Represented as Cartograms

Applications Prototype Lab, ESRI, May 2007
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Distorting the Original:

2008 Presidential Election
B el

State Cartogram

Final Results Weighted by
B 1cCain-Palin (173) Electoral Votes
I Obama-Biden (365)

Created by Andy Anderson <asndersoni@amherst edu=
Re pub lican Votes in 2004 (11 3) using Top Gross' Arcacript <http: farcacripts .esri.com/details.asp?dbid=15638=,
which implements the work of Michael Gastner and Mark Newsnan <http/Maswepersonal umich eduf~mejnfelections/20087=

CreatingiCGartograms/ViaKingiGeoSraphiGATEaSESPEGrIVOINIES
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Adding an Extra Dimension

vith other

2008 Presidential Election

B 1cCain-Palin (173) State Cartogram
I Obama-Biden (365) Weighted by :
Republican Votes in 2004 {113) Electoral Votes > /@E\

GreatinglGartogramsaV akingiGEorapHIGATEaSISPETKIVOIITIES N




Coloring with Quantitative Data is “Impressionistic™

2004 Presidential Election

Legend

2004 Election by State 2004 Votes by County 35-45 | 53-52
Plurality Winner Kerry Votes / Bush Votes | | 45-1.1 [l >52
I Bush - 286 Electoral Votes [l < 25 [ J11-54

I Kerry - 252 Electoral Votes [l 25 - 35 Bl 54-53

6 GreatinglGartogramsa/VIaKingiGeostaphIGATEaSESPETRIVolImIES
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ArcGlIS Cartogram Tool
Anyone can Create Cartos

Gastner and Mark Newman of the
wversity of Michigan developed a “diffusion”

method that equalizes while minimizing distortion.

® Tom Gross of ESRI implemented their approach

as a free ArcGIS Toolbox extension (needs 9.2+).

..............

CGreatingjGartogramsyVIaKingiGEosraphiGATEaSEISpEaraVolUTeS




ArcGlIS Cartogram Tool
Installation in
Windows -

T

artogram Tool comes with an
at places the software 1n the folder:

&

\Program Files\ArcGIS\Arcscripts\Cartograms
* Included: a ReadMe file and a demo map.

* Note: these are linked in the & Start Menu => All Programs!

® The instructions in the ReadMe are fairly
complete, but we'll quickly summarize them.

GreatinglGartogramsVlaKingaGeographicAreasgspearayoltrmes
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ArcGlIS Cartogram Tool

Installation in ArcGIS

ded into ArcGIS:
dard toolbar,

& £y [1:35646.000 EAREY AR I W= Y4

JIDOX.

@ ArcToolbc |

+ &P 30 Ar New Toolbox

will open; right-click on {jigggft'g

- & Conve Environments. .
der 3 ArcToolbox at the top. : gg:::rl =
- &P Geoce Save Settings »

elect Add TOOIbOX. e I gﬁ:;:t, Load Settings >

+ & Spatial Analyst Tools ‘

a,nd then naVig ate tO + &P Spatial Statistics Tools

* C:\Program Files\ArcGIS\Arcscripts\Cartograms

CreatingiCGartograms/VaKingiGeosraphiGAreasaiSpearaVolmes
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Creating a Cartogram

Preparing Your Polygon Feature

am by

~

INto a new one.

tion, but less initial shape
ceep the cartograms recognizable.

tage to equal-area projections, as they
ojected and still be meaningful:

7z o aPE ) L | et G BE
N gl 5 ¥ |
. ._'.\,. { ;:---"s -’.;“ i
= it | i1 :‘;?’;.‘,-’.i-. |
_ 5 ‘ ) "'—{:;‘
- - - ~\ (YOS WL Y T Y AN LY ' » !
Albers Conic Eckert IV Lambert Azimuthal

CreatingiGartogramsVIaKingiGeographiGAreaseSpearaVoltmes
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Creating a Cartogram

Reprojecting a Shapefile/Ge

shapefile/geodatabase

shapefile/geodb with any projection;

brojection of the data frame (aka £ Layers)
desired one 1n its dialog Properties and tab
oordinate System;

3. Right-clhick on the shapehile/geodb, select Data and then
Export Data...;

4.Use the same coordinate system as the data frame.

CGreatinglGartogramsAVIaKingiGeosraphiGATEGSIShEarVOIUImES
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o Earthquakes
Creating a Cartogram s e

Preparing Your Attribute =3 =

Delavware
District of Columbia
Florida
Georgia
Havvaii
Idaho
lllinois
Indiana
lowwa
[Kéhsas
Kentucky
ELoUisiana
Maine
. lt) ° Maryland
EMassachusettrsr
. !Michigan
o =
EMississippi
!Missouyi
Montana

cative value can be i
ayer Properties dialog, e
i !New Jersey
Query tab, for example with o
North Carolina

= qulrement: 'North Dakota
‘Ohiio
‘Oklahoma 17

"Earthquakes" =2 0 JZEES



Creating a Cartogram

Preparing Your Output Geodb

New,

& &5 |1:35646.000

on 1t and

4.Name the geodatabase.

RARETA UL J=2al vs

sstination folder;

—4_3 Earthquake Cartogr =~

&1 Earthquakes.m> Copy Ctrl+C

Earthquakesby =0 = .

X Delete

and then File Geodatabase; —

> Refresh

bdatabase

0 Create one:

1 Folder

b ] Fie Geoatabase |

a Personal Geodatabase

> Layer...

Q Group Layer

@ .
@ Coverage Relationship Class. .,

] Turn Feature Class, .,
&P Toolbox

1 arcInfo Workspace
dBASE Table

INFO table. ..

P Coverage...
@ Address Locator...

g\ Search...

Properties...

Tuesday, May 12, 2009



 Create a cartogram (Gastner-Newman method)

Creating a Cartogram

Original Polygon Features

states LI

: =]
Yalue Field of the Original Features ,

S I n g e Earthquake _:j
=

i

=l

Output Cartogram Features

I n\DesktoplArc ProjectsiEarthquake Cartogram\Earthquake Cartograms.gdblstatesi

< a r t O g r a m Unigue ID Field of Original Features - defaults to OBJECTID or FID (optional)

Area Field of Original Features - defaults to Shape field {optional)

T I Factor to smooth original density - defaults to 1 (optional)
| 1
O O Mumber of cells in width/height of the Analysis Mesh - defaults to 512 (optional)

| 1024

Ll

I Sum the Values for each repeated ID - default is true. (optional)

Additional Features/Rasters to Transform, (optional)

@ ArcToolbox

+ &P 3D Analyst Tools
+ &P Analysis Tools

- &P Cartogram
A Create a cartogram (Gastner-Newman method)

Additional Dataset ' Transformed Dataset Name

&« |= | |+ |®

<l | k&

A cartogram

¥ Copy the Original Polygon Features table to the Dutput Cartogram Features table. (optional)

OK Cancel Environments,.. | Show Help >> |

1s dialog requires
a few pieces of information...
GreatinglGartogramsa/VaRINEIGEOSTapHIGATETSISDEaRIVOIUTIES
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Creating a Cartogram

Setting up the Cartogram Too

equires:

_J

Original Polygon Features

gon features to distort.

| states v

L

Value Field of the Original Features
| Earthquake

The feature class attribute

= whose values will become

proportional to area.

Qutput Cartogram Features The tull path name to

..\Earthquake Cartograms.gdbistates1 D”'I the destination teatures
within the geodatabase.

® Recommended option (to avoid joining later):
v Copy the Original Polygon Features table to the Output Cartogram Features table.

CreatingiGartogramsa/VaKingiGeograpNIGATEaSESPEaraVolUmES
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Creating a Cartogram

Cartogram Tool Analysis Mest

o also requires:

MNumber of cells in width/height of the Analysis Mesh - defaults to 512 {optional)
1024

vlaced on a grid of this size, and =
‘'diffuse” to even out the density. ¢

alue should be large enough so that the grid cells
e smaller than any of the polygons... (Why?)

*x A Definitions Query can be used to exclude too-small areas.

* The larger this value, the diffusion will get closer to
uniform density. But if it'’s too large... (What?)

@E‘IWQWMMW' NIGArEaspSPEarIVolUmes
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Creating a Cartogram

Cartogram Tool Results

Tuesday, May 12, 2009

Create a cartogram {(Gastner-Newman method) 3]

Completed
_ <« Detis |

<< Details

I Close this dialog when completed successfully

Executing: Cartogram states Earthguake

"C:%Documents and Settings)\aanderson

YDesktoph Arc Projects)\ Earthguake

Cartogram' Earthgquake Cartograms.gdb

\states 1" # # 1 1024 false # true

Start Time: Thu Feb 19 10:31:40 2009
Executing: CopyFeatures booga "C:
YDocuments and Settings)aanderson
YDesktoph Arc Projects)\ Earthcguake
Cartogram' Earthgquake Cartograms.gdb
\states 1" # 0 0 O
Start Time: Thu Feb 19 10:31:44 2009
Executed (CopyFeatures) successfully.
End Time: Thu Feb 19 10:31:45 2009
(Elapsed Time: 1.00 seconds)

Executed (Cartogram) successfully.

End Time: Thu Feb 19 10:33:42 2009

(Elapsed Time: 2 minutes 2 seconds)

CreatingiGartogramis ¥Vl aKIngGE0STapIGATEGSIShETIVOIUTTES



Cartogram Verification

How Good is yo.ur‘

‘od, R 1s iterative, and

L certain =% & number of steps.

and 2003, Alaska and Ma&®achusetts had
d 3 earthquakes of magnitude = 3.5, respectively.

eir initial (calculated) areas are 1,493,263 Km* & -~
21,167 Km?, for vpecific areas of & /equake.

% After one application, these values are 4,916,219 Km? &
5,657 Km?, or 408 & 1,852 Km?/equake.

® So the result may not be “perfect’, in that uniform
density may not be achieved immediately.

GreatingiCGartosrams3VIakingiGeoSraphIGATEGSISPEGRIVOIUITES
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Cartogram Verification

Calculating Density / Spe

as two extra fields,

€4d, measuring its geometry.
alculate the diffusion’s accuracy:

Sort Ascending

Options... to create a new
sion field.

Sort Descending

Ny

ly Advanced Sorting...

Sannnaries., ..

click on the field header and select 2 statistc..
= Fleld Calculator... to compute either 4
density (value/area) or specific area (area/value) Turn Fikd Of

Freeze/lUnfreeze Column

— ratios = | are easier to compare.

X Delete Field

3. In the standard toolbar, click on the button E Save. et

4. Right-click on the field header and select ~ Statistics...

CGreatinglGartogramsAVIaKingiGeosraphiGATEGSIShEarVOIUImES
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Cartogram Verification

Cartogram Statistics

of polygons

Statistics of states_1

Field 7
Speciea R4

Statistics:

Count: 51

Minimum: B6512092.005521
M aximum: 20514953255.4227
Sum: 97513175345.2204 <
Mean: 1912023045.98471 )
Standard Deviation: 3450901302.17107 -

Frequency Distribution

40

30

0
66512032.0 8791785427.9 17517058763.9

44291487600 13154422085.9

® You can input this cartogram and repeat the
procedure to improve the results! (Usually...)

CreatingiGartogramsa/VIakingiGeographiGAreasiS pearaVoltmes
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Cartogram Verification

Cartogram Statistics

ot polygons

Statistics of states_1

Field

SR

Statistics:

Count: 51

Minimum: B6512092.005521
M aximum: 20514953255.4227
Sum: 97513175345.2204 <
Mean: 1912023045.98471 )
Standard Deviation: 3450901302.17107 -

Frequency Distribution

40

30

0
66512032.0 8791785427.9 17517058763.9

44291487600 13154422085.9

You can input this cartogram and repeat the
procedure to improve the results! (Usually...)

CreatingiGartogramsVIaKingiGeographiGAreaseSpearaVoltmes
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Cartogram Tool Extras

Distorting Additional Features

yu include other

Additional Features/Rasters to Transform. {optional)

apefiles,

Additional Dataset " Transformed Dataset Name
& deqgree30_eckert_IV degree30_eckert_IYV_1

geodatabases, or
rasters in this list,
they will be
distorted along

|4- I-} |X |'|' l":z

o with the cartogram.

d allow, for example, cities to stay in their same
e location within their state or country.

* Additional Features must have the vame spatial reference.

* Only the FID 1s copied to the new data set, so you'll need to
join with the original data set.

CreatingiGartogramsa/VIakingiGeographiGAreasiS pearaVoltmes
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Cartogram Tool Extras

22 GreatinglGartogramsIVaKinglGeostaphIGATEaSIShEaKAVOIUMIES
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Cartogram Tool Extras

Working with Relate

ginal Features:
eature classes use distinct

o represent parts of a whole

Hawan). This 1s the field linking them
o they distort together. (Usually data 1s 1dentical.)

e Sum the Value for each repeated ID: Some
polygons stand on their own but also collectively
form a larger region (e.g. counties within states).

[f this box 1s checked and you set the Unique
Field that links them, the larger unit 1s distorted sg%

CreatingiCartogramsaVIaKingiGeographiGATEaSISPEarIVOIUmES
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Resources

rst.edu/~aanderson/

ons/2008-results.png

; .amherst.edu/~aanderson/

1al elections/2004-analysis.pdf

A\rcGIS Cartogram Plug-In:

* http://arcscripts.esri.com/details.asp?dbid=15638

® Mark Newman @ the University of Michigan:

* http://www-personal.umich.edu/~mejn/election/2008/
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