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WHO AM I?

 Geospatial Analyst
 M.S. in Geographic and Cartographic Sciences
 Use GIS for spatial analysis and mapping
 Communicate and teach others about GIS

 Appl ied geospatial  and decis ion analysis  to:
 Access to justice
 Environment
 Renewable energy
 Master planning
 Health
 National security and defense

 My passion is  analyzing data to reveal hidden
trends,  better visual ize information, and
inform decis ions.

2



3

Cholera
London

1853

J o h n
S n o w

H o w  i s  t h i s  s p r e a d i n g ?   T h ro u g h  b a d  a i r ?



4Voronoi Diagram reveals the midline distance between water pumps and finally a pattern and the source is discovered

Data,  Analysis,  and a Compel l ing Visual izat ion



WHAT’S MAPPING IS SO EFFECTIVE?

75% of people
think  visual/spatially
45% uses both visual/spatial
thinking and thinking in the form of
words
30% of the population strongly uses
visual/spatial thinking
25% thinks exclusively in words.
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Our brains are wired for it
Our hippocampus is the center of
spatial memory.  Unlike other
portions of the brain that filter out
information that is inconsistent with
one’s world view, the hippocampus
wants context to re-orient the mind
to changing environment.  Visual
data and maps gives the viewer that
opportunity.

Visual/spatial information
Picture is worth 1,000 words
Easy to assimilate
More compelling than text alone



GOALS OF THIS PRESENTATION

Introduce Geographic
Information Systems
What is this “system” exactly?
And what is spatial thinking?

Reveal 10 cool things
GIS can do
So that you know a good
opportunity to use GIS when you see
one

Provide real world
examples of GIS in action
So that you can see practical
applications of GIS

GIS 10
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HOW IS GIS OFTEN PERCEIVED?
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2.  Locate physical features1.  Calculate directions and
drive times

Source:  Google maps



Uses spat ia l  data
to  he lp  us
v i sua l i ze ,
quest ion,
ana lyze ,
interpret ,  and
understand data
to  revea l
re lat ionsh ips ,
patterns ,  and
trends .

Th ink ing  map

An exper imenta l
model

WHAT
EXACTLY
IS GIS?
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A geographic information system is a framework for understanding our world and
applying geographic knowledge to solve problems and guide human behavior.

http://www.gislounge.com/the-components-of-gis-evolve/



Topo logy i s  a
way  o f  coding
the  geometr y  o f
spat ia l
re lat ionsh ips
ins ide  the
computer.

HOW CAN
GIS THINK?
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Map features          +              Data            +       Geometry/Topology



 Points

 Lines

 Polygons

 Surfaces

HOW IT WORKS…
MAP FEATURES AND DATA
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 Topology is  the mathematics of
neighborhood.
 It is the information about how a shape

relates to its neighboring objects.

 Three propert ies
 What areas exist (Area)
 How are they connected (Connectivity)
 What is located to the left and right of the

polygon (Contiguity)

HOW IT WORKS…
TOPOLOGY
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HOW IT WORKS…
GEOMETRY
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 GIS uses geometry:
 Pythagorean theorum
 Interpolation

 To calculate 3D:
 Slope
 Volume
 Flow
 Structures



 Benefits
 Enhanced visualization / communication
 Increased efficiency
 More informed decision making
 Cost savings
 Better management of resources
 Democratization of data

 Encourages dialogue, observation,  and
crit ical  thinking
 What’s going on in this map?

What observations can you make?
 What do you see that makes you say that?

What’s your evidence in the map?
 What more can you find?

WHAT IS SO GREAT ABOUT GIS?
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GOT GIS DATA?

80%
of all government information has a
geospatial component

130,000+
is the number of geospatial datasets
currently available on Data.gov to
download for free

Growing
U.S. Bureau of Labor report that the
geospatial sector has been growing by
about 35% per year, with the
commercial side growing at 100% per
year.
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1 . C a l c u l a t e  d i r e c t i o n s  a n d d r i v e t i m e s - - - - - - - - - - -

2 . L o c a t e  p h y s i c a l  f e a t u r e s - - - - - - - - - - - - - - - - - - - - - - - - -

3 . V i s u a l i z e  t a b u l a r  d a t a - - - - - - - - - - - - - - - - - - - - - - - - - - - -

4 . M e a s u r e  d i s t a n c e  i n 2 D - - - - - - - - - - - - - - - - - - - - - - - - - -

5 . O v e r l a y  a n d  f i n d s u i t a b l e  l o c a t i o n s - - - - - - - - - - - -

6 . M o d e l  s c e n a r i o s  a n d v i e w  i n  3 D - - - - - - - - - - - - - - - - -

7 . R e p r e s e n t  d a t a  i n  a  a b s t r a c t  w a y - - - - - - - - - - - - - - -

8 . D e s c r i b e  g e o g r a p h i c  d i s t r i b u t i o n ,  p a t t e r n s ,
c l u s t e r i n g - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

9 . S h o w  c h a n g e s  o v e r  t i m e - - - - - - - - - - - - - - - - - - - - - - - - - -

1 0 . M o d e l  s p a t i a l  r e l a t i o n s h i p s - - - - - - - - - - - - - - - - - - - - - -

TEST DRIVE: WHAT CAN GIS DO?
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N E T W O R K H o w  d o  I  g e t  t h e r e ?
H o w l o n g  d o e s  i t  t a k e ?

L O C A T I O N W h e r e  i s  i t ?

V I S U A L I Z A T I O N W h a t  d o e s  t h e  d a t a  l o o k  l i k e  g e o g r a p h i c a l l y ?

D I S T A N C E H o w  f a r  i s  i t ?

O V E R L A Y W h e r e  i s  i t  s u i t a b l e ?

M O D E L W h a t i f ?  H o w  d o e s  i t  l o o k ?

A B S T R A C T H o w  c a n  w e  l o o k  a t  t h i s  d i f f e r e n t l y ?

D I S T R I B U T I O N H o w  i s  t h e  d a t a  d i s t r i b u t e d  s p a t i a l l y ?
I s  t h e  d a t a  i n  a  c l u s t e r e d ,  d i s p e r s e d ,  o r
r a n d o m  p a t t e r n ?
A r e  c l u s t e r s  s t a t i s t i c a l l y  s i g n i f i c a n t  h o t
s p o t s ,  c o l d  s p o t s ,  o r  o u t l i e r s ?

T R E N D S W h a t  h a s  c h a n g e d ?

R E L A T I O N S H I P S W h a t  i s  t h e  r e l a t i o n s h i p  a m o n g  f e a t u r e s ?
W h y ?  W h a t  i s  c a u s i n g  t h i s ?



VISUALIZE DATA: TABULAR (BEFORE)
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VISUALIZE DATA: NOW ON A MAP3
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Population per square mile

It is much easier to digest the
data and visually compare how
areas.

This is called a thematic map
because it shows the distribution of
data on a specific topic.



VISUALIZE DATA: NOMINAL

Choropleth maps can
represent nominal data
and in this case it has
with a higher spatial
resolution (ZIP code).
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Source:  New York Times, http://learning.blogs.nytimes.com/2014/04/29/baseball-happiness-and-immigration-exploring-american-society-and-
history-with-new-york-times-maps/?_php=true&_type=blogs&_r=0 18

What is your favorite baseball team?



VISUALIZE DATA: ORDINAL3
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VISUALIZE DATA: INTERVAL3
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VISUALIZE DATA: RATIO3

Choropleth maps show a
single variable
Join any tabular data to a
GIS layer with a common
key -- a geographic field
like state, congressional
district, county, ZIP,
census block.

Source:  New York Times, http://www.nytimes.com/interactive/2011/03/06/weekinreview/20110306-happiness.html 21



VISUALIZE DATA: MULTI-LAYER3

Source:  Esri Story Maps
http://storymaps.esri.com/stories/diabetes/

Overlays and slider
Good for comparing layers and
showing possible links between layers. 22



MEASURE DISTANCE IN 2D4

Variable Buffers Drive time / Service areas

Euclidean Distance (green)
Manahattan Distance (blue)

Euclidean Distance Buffers

Interpolation of sample
points across a surface

Area
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 Where can I  f ind a house?
 With 4 bedrooms (attributes)
 On one acre of land (area)
 Within a 15-minute walk to a grocery store

(network distance)
 Within public schools that exceed state

standards (contained within)
 Within 1 mile of a stream or park (euclidean

buffer)

 Where is  a  suitable s ites to construct  a
new school?
 Forest and agriculture better than residential

housing
 Flat slopes
 Near recreation sites
 Far from existing schools

OVERLAY AND FIND SUITABLE LOCATIONS5
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GIS  enables  you
to  ana lyze
spat ia l l y  and
over lay  layers
to  f ind  a
su i tab le  s i te .

OVERLAY
AND FIND
SUITABLE
LOCATIONS

5
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 Volume
 Flow

MODEL SCENARIOS AND VIEW IN 3D6

 Viewsheds
 Wave propagation
 Project i le range

 3D bui ldings
 Extruded

structures
26



REPRESENT DATA IN A ABSTRACT WAY7
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http://web.mit.edu/rruth/www/Papers/RosenholtzSPIE2011.pdf

Sometimes an
abstract or
distorted version
is easier to
understand than
a realistic one.
Here only the
connections and
stations matter.

Cartogram from Esri http://www.arcgis.com/home/item.html?id=fa51d73a98aa4dd4964dba8b42958704

A cartogram is a
map in which
some variable
(here all time
Olympic Medals)
is substituted for
land area.



The descr ipt ive  spat ia l  s tat i s t i cs extend w hat  the  eyes  and mind do  intu i t i ve ly  and he lp
summar ize  and descr ibe  a  set  o f  data .   They  are  usefu l  to  compare  two  sets  o f  data .

DESCRIBE GEOGRAPHIC DISTRIBUTION,
PATTERNS, AND CLUSTERING

8

28

Spatial Dispersion:
Standard distance deviation

Spatial Centrality

Spatial Homogeneity Spatial Autocorrelation

Does one layer depend on the other?



SHOW CHANGES OVER TIME9
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 Time series animation
 Video or slider control

 Change in mean center
 Where is the population center

changing over time?

http://www.census.gov/dataviz/visualizations/050/



MODEL SPATIAL RELATIONSHIPS10
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 Inferential  spatial  stat ist ics attempt to explain why.
 Infer from samples to a population
 What is causing this relationship between layers?

 Methods:
 Exploratory Regression
 Generate Network Spatial Weights
 Generate Spatial Weights Matrix
 Geographically weighted regression
 Ordinary Least Squares

http://www.spatialanalysisonline.com/HTML/?statistical_inference.htm



INTEGRATE MEDIA

Multimedia
GIS links multiple media with
location in an approachable
format.

31



 Perception
 Story
 Manipulation
 Deception
 Projection
 Break points
 Color

 Rubric
 Digestibility
 Clarity
 Questions prompted
 Message delivered

THE ART OF GEOSPATIAL VISUALIZATIONS
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I t ’s  not  just  so f tware  and i t ’s  not  a lways  as  s imple  as  “ just  the  facts” ;  i t ’s  th ink ing  through
w hat  the  data  (and you)  want  to  communicate .



GIS FUNCTIONALITY TAKEAWAYS
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 GIS can integrate tabular data (from a spreadsheet ,  database,  surveys,  social
media,  etc.) with locat ional  information (country,  state,  county,  ZIP,  etc.)  to
make data become more visual ,  digest ible, and meaningful .

 GIS can help think through any problem where locat ion matters .

 GIS can compare different areas,  t ime, or populat ions.

 GIS represent data in ways that  improve understanding.

 GIS can provide the spatial  backbone to integrate media (photos,  narrat ive,
video, audio).

 GIS can help describe and compare data.

 GIS can help model  a larger populat ion,  infer,  predict ,  and explain.

 GIS can affect  people’s  perceptions and publ ic  pol icy.


