GIS Test Drive

What a Geographic Information System Is
and What it Can Do

Alison Davis-Holland
adavisholland@gmail.com




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

® Applied geospatial and decision 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 visualize information, and
inform decisions.
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Data, Analysis, and a Compelling Visualization
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Voronoi Diagram reveals the midline distance between water pumps and finally a pattern and the source is discovered



WHAT’S MAPPING IS SO EFFECTIVE?

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

45

Visual/
Spatial &
Words

30

Visual/
Spatial




GOALS OF THIS PRESENTATION

Introduce Geographic Reveal 10 cool things
Information Systems GIS cando

What is this “system” exactly? So that you know a good
And what is spatial thinking? opportunity to use GIS when you see
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HOW IS GIS OFTEN PERCEIVED?
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WHAT
EXACTLY
IS GIS?

Uses spatial data
to help us
visualize,
question,
analyze,
interpret, and
understand data
to reveal
relationships,
patterns, and
trends.

Thinking map

An experimental
model

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




HOW CAN
GIS THINK?

Topology is a
way of coding
the geometry of
' EME]L
relationships
inside the
computer.

Map features
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HOW IT WORKS...

MAP FEATURES AND DATA

® Points
o
® Lines
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®= Polygons
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HOW IT WORKS...

TOPOLOGY

® Topology is the mathematics of
neighborhood.

= |t is the information about how a shape
relates to its neighboring objects.

® Three properties 1
= What areas exist (Area)
= How are they connected (Connectivity)

= What is located to the left and right of the
polygon (Contiguity)

a6
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HOW IT WORKS...

GEOMETRY

B GIS uses geometry:
= Pythagorean theorum
" |nterpolation
® To calculate 3D:
= Slope
= Volume
" Flow
= Structures

a'+b" ="

1

ey Cal)
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WHAT IS SO GREAT ABOUT GIS?

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

® Encourages dialogue, observation, and
critical 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?
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GOT GIS DATA?

80% 130,000+

of all government information has a ' is the number of geospatial datasets
geospatial component currently available on Data.gov to
download for free
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. TEST DRIVE: WHAT CAN GIS DO?

1. Calculate directions and drive times NETWORK
2. Locate physical features LOCATION
3. Visualize tabular data VISUALIZATION
4. Measure distance in 2D DISTANCE
5. Overlay and find suitable locations OVERLAY
6. Model scenarios and view in 3D MODEL
7. Represent data in a abstract way ABSTRACT
8. Describe geographic distribution, patterns,
clustering DISTRIBUTION
9. Show changes over time TRENDS
10. Model spatial relationships RELATIONSHIPS

How do | get there?
How long does it take?

Where is it?

What does the data look like geographically?
How far is it?

Where is it suitable?

What if? How does it look?

How can we look at this differently?

How is the data distributed spatially?

Is the data in a clustered, dispersed, or
random pattern?

Are clusters statistically significant hot
spots, cold spots, or outliers?

What has changed?
What is the relationship among features?

Why? What is causing this?
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. VISUALIZE DATA: TABULAR (BEFORE)

NAME STATE_NAME | STATE_FIPS | CNTY_FIPS | FIPS | POP2000 | POPOD_SQMI | WHITE | BLACK | AMERI_ES | ASIAN | HAWN_PI | OTHER | MULT_RACE| HISPANIC | MALES| FEMALES | AGE_UNDERS5
Lake of the Woods Winnesota 27 077 27077 4522 25 43965 13 51 11 0 5 45 29 2272 2250 188
Ferry ‘Washington 53 018 5319 7260 3.2 o460 15 1327 21 4 162 231 205 3764 3496 394
Stevens ‘Washington 53 D&5 53065 40066 15.8 | 36078 11 2266 193 66 271 1081 739 | 19940 20126 2425
Okanogan ‘Washington 53 047 53047 39564 74| 29799 108 4537 176 28 37N 1124 5688 | 19706 15858 2493
Pend Oreille ‘Washington 53 051 53051 11732 82| 10973 17 333 74 24 67 238 241 5881 5851 537
Boundary Idaho 16 0z1 16021 9871 T 5401 16 199 57 T. &5 106 335 45871 4500 637
Lincoln Montana 30 053 30053 18837 5.1 18100 21 226 59 i 74 350 271 9542 9295 937
Flathead Wontana 30 028 30029 T44T1 142 | 71639 113 856 348 44 305 1118 1081 36011 37560 4415
Glacier Montana 30 035 30035 13247 44 4693 11 8136 9 T 24 317 159 6553 6694 1075
Toole Montana 30 101 N 5267 2T 4945 a3 168 16 ! 17 112 61 2716 2551 282
Liberty Montana 30 051 30051 2158 1.5 2141 i 2 £ 0 2 ] 4 1063 1085 109
Hill Montana 30 041 30041 16673 57| 13283 15 2834 62 3 59 387 208 8306 8387 1180
Sheridan Montana 30 091 30051 4105 24 35982 4 50 12 2} & 48 44 2039 2066 183
Divide North Dakota 38 023 38023 2283 1.8 2260 I 3 F 0 4 4 14 1148 1137 70
Burke North Dakota 38 013 38013 2242 2 2235 3 5 3 0 1 5 ] 1130 1112 82
Renville North Dakota 38 075 38075 2610 29 2551 6 i de 0 3 21 19 1307 1303 113
Bottineau North Dakota 38 00 38009 7148 42 6950 16 104 13 ] 3 57 35 36800 3545 280
Rolette: North Dakota 38 078 38079 13674 146 3435 10 9933 10 0 16 220 110 6741 68933 1208
Towner Naorth Dakota 38 095 38095 2876 28 2799 2 58 2 0 1 13 5 1416 1460 137
Cavalier North Dakota 35 018 38019 4831 32 4739 T 25 5 0 5 50 31 2402 2429 208
Pembina North Dakota 38 087 38067 8585 T 8198 13 123 18 0 108 124 264 4305 4280 432
Kittson Winnesota 27 i) 27069 5285 48 5184 8 14 13 0 20 45 67 2621 2664 336
Roseau Winnesota 27 135 27135 16338 97| 15671 21 232 283 3 13 115 71 8367 7871 1185
Blaine ontana 30 005 30005 7009 T 3685 12 3180 6 2 16 108 70 3460 3548 569
Phillips. Montana 30 071 30071 4501 0.9 4115 g 350 15 1 17 96 53 2305 2206 227
Valley Wontana 30 105 30105 7675 1.5 6765 10 723 19 1 20 137 60 3802 3873 422
Daniels Montana 30 018 30019 207 1.4 1937 i 26 5 2 12 35 32 888 1029 a7
Whatcom Washington 53 073 53073 166314 666 | 147485 1150 4709 4637 235 4158 4435 8687 | 82138 B4626 10210
Bonner Idaho 16 M7 1617 36835 19.2 | 35574 40 322 101 LT 155 626 604 | 18449 18386 2100
Ward North Dakota 38 101 3810 8795 286 | 54327 1305 1215 483 36 423 1001 1125 | 285234 28511 4348
Koochiching Winnesota 27 071 27071 14355 46| 13798 2T 309 25 9 11 176 &1 7123 7232 FiE)
Skagit Washington 53 057 53057 102579 53.6 | 88070 450 1909 1538 163 7381 2458 11536 | 50982 51997 6713
Wiliams. North Dakota 38 105 38105 19761 92| 18367 24 869 i) 2z 7 436 185 8687 10074 1135
McHenry North Dakota 38 043 38049 5987 3.1 5911 5 24 2 0 3 42 24 3051 2936 254
5t Louis Winnesota 27 137 27137 200528 5.7 | 190211 1704 4074 1333 54 451 27T 1587 | 98629 101899 10455
San Juan ‘Washington 53 055 53055 14077 27| 13372 36 14 125 12 128 267 336 6860 7217 525
Roosevel Montana 30 0a5 30085 10620 45 4347 5 5821 45 5 27 269 131 5264 5356 858
Mountrail Morth Dakota 35 061 38061 6631 34 4376 ] 1588 14 3 A7y 227 a7 3262 3369 431
Marshall Winnesota 27 029 27029 10155 56 8373 10 25 17 0 165 61 253 5157 4593 583
Ramsey North Dakota 35 071 38071 12066 93| 11138 23 631 3 & 20 198 63 5954 6112 562
Walsh North Dakota 38 099 38099 12389 96| 11752 41 126 24 2 31 133 700 6196 6193 711
Beltrami Winnesota 27 007 27007 39650 13| 30394 142 a071 225 i} &2 728 394 | 19557 20083 2825
Pierce North Dakota 38 069 38069 4675 43 4505 5 32 g 0 2 19 28 2287 2378 248
Chelan Washington 53 007 53007 66616 223 | 55711 172 661 451 T 8121 1423 12831 33158 33458 4750
Pondera Montana 30 073 30073 6424 3.9 52374 ] 929 g 3 & 83 54 3169 3255 398
Clallam Washington 53 o00g 53009 64525 242 | 57505 545 3303 731 104 761 1576 2203 | 32054 32471 333

16



. VISUALIZE DATA: NOW ON A MAP

Population per square mile
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It is much easier to digest the
data and visually compare how Tl
areas.
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VISUALIZE DATA: NOMINAL

What is your favorite baseball team?

Choropleth maps can
represent nominal data
and in this case it has
with a higher spatial
resolution (ZIP code).
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’ much more beer

maore beor
- ] beer and church equal
"Beer" and "Church" tweets ‘ & maore church
aggreqgated to county ;
collected from June 22 - June 29 2012 4 @ much more church
FloatingSheep.org, 2012 no data
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. VISUALIZE DATA: INTERVAL

December 2015

Average temperature [ F) Uimate.gav
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. VISUALIZE DATA: RATIO

Mapping the Nation’s Well-Being

For the last three years, Gallup has called 1,000 randomly selected American adults each day and asked them about indicators of their quality of life.
Responses are converted to the Gallup-Healthways Well-Being Index. Here are the 2010 results, sorted by Congressional districts. Related Article »

W TWITTER m LINKEDIN [ SIGN IN TO E-MAIL SHARE

Composite Index Do you feel safe walking alone at night in the city or area where you live? MAP KEY | | ! ==
i 45%  62% 68% TA% TA%  67%

Stress
Happiness 5
Depression

Health Prablems

High Cholesterol L
Diabetes E .
Obesity

Job Satisfaction

Work Environment

Smoking

Exercise

e . _ ; Choropleth maps show a
Community Satisfaction = E A y . S|ng|e va rlable

Sttt . ' : Join any tabular data to a
Nighttime Safety 1 U i, .

R sl | : GIS layer with a common
;"tjv‘t s iyl ! - key -- a geographic field

like state, congressional
district, county, ZIP,
census block.

Health Insuranca

21



. VISUALIZE DATA: MULTI-LAYER

The linked burdens of obesity and diabetes Astorymap § W

Fact 1: Close to a third of U.S. adults are obese. Fact 2: Almost 90% of people with newly-diagnosed type 2 diabetes are overweight. County maps reflect the close links between these key public .
health challenges. = s

Click on a county and move the slider bar to A T
compare obesity and diabetes statistics.

Adult obesity rates are mapped on the left. The term m :
“obese” refers to high overall body weight that = |
increases the risk of diabetes and other dizeases. Even
in areas with high rates of obesity, individual profiles
and habits vary widely.

An estimated 7.5%
of the adult population of
Arlington County, Virginia
has diabetes.

(0]

Diabetes rates are shown to the right of the
slider. Publiec health workers use maps like these in
their continuing efforts to manage and prevent

diabetes and obesity.
Obesity rates are on the rise despite a national v D

goal to reduce obesity prevalence to 15%. Twelve

Estimated number of adults
with diabetes: 11,059

Legend
2009 Diabetes Rates 2009 Obesity Rates
% Diabetic Adults % Obese Adults
. 11.1% - 18% . 21.1% - 48%

B oo u% B 2%
B o7%-o% B 22a%-27

0% - 7% 0% - 23%

| Zoom to

Esri, HERE, D-g N tapmylndia, € OpenStreetMap contributors, and the GIS user communit... | ‘:‘1;1 f

Overlays and slider

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



MEASURE DISTANCE IN 2D

Euclidean Distance (green) Area Euclidean Distance Buffers
Manahattan Distance (blue)
2 P = = I > L%%;m;s ':|w Harizomtal .
Cor = B

Surface Area

Surface area increases with
incraasing inciination. ..
it's like siicing a stek of iter
at increasing angles and
roting the changes in the
surface arca of the pattics

Interpolation of sample
points across a surface
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. OVERLAY AND FIND SUITABLE LOCATIONS

® Where can | find 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 sites to construct a
new school?

Forest and agriculture better than residential
housing

Flat slopes
Near recreation sites
Far from existing schools

Registration pins hold
the overlays ina
common spatial
referen ce.

Vieved from the top, all the unsuitable
(dark) areas are obscured and the light
areas represent suitable zones.

Note: all layers must be
drawn 10 $ame scale in
same projection to ensure
that they overlay correctly.

One layer for overiay analysis
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OVERLAY
AND FIND
SUITABLE
LOCATIONS

GIS enables you
to analyze
spatially and
overlay layers
to find a
suitable site.

Step 1
Elevation Recreation Schools

I
Step 3
Reclassify Reclassify  Reclassily Reclassify
BT B

Weighted and
Combined Dataset



. MODEL SCENARIOS AND VIEW IN 3D

®= Viewsheds ® 3D buildings
® Wave propagation ® Extruded
= Projectile range structures

26



. REPRESENT DATA IN A ABSTRACT WAY

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

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




. DESCRIBE GEOGRAPHIC DISTRIBUTION,

PATTERNS, AND CLUSTERING

The descriptive spatial statistics extend what the eyes and mind do intuitively and help
summarize and describe a set of data. They are useful to compare two sets of data.

Spatial Centrality Spatial Dispersion:
N ] Standard distance deviation
) 9"
" 5 33\ o mean
o # canter
OD s e center
X e x
Spatial Homogeneity Spatial Autocorrelation
o0 e o o @ ®
oo s &® Does one layer depend on the other?
% o||® ©® © =
2| (¢ o o e® ©
Clumped Uniform Random
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. SHOW CHANGES OVER TIME

B Time series animation
= \Video or slider control
® Change in mean center

= Where is the population center
changing over time?
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. MODEL SPATIAL RELATIONSHIPS

® |nferential spatial statistics attempt to explain why.
* Infer from samples to a population

= What is causing this relationship between layers?

= Methods:
= Exploratory Regression Sample \
= Generate Network Spatial Weights = i |
= Generate Spatial Weights Matrix \
= Geographically weighted regression
= Ordinary Least Squares g::ﬁ;ﬂi;;ﬁfe
Population
v pe

Make inferences about
population

30



INTEGRATE MEDIA
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Cuban
Crocodile

Birthday: July 6, 2012

GIS links multiple media with
location in an approachable
format.

On July 6th, 2012, the National Zoo's 55-year-old
N g
‘ “el
County of Fairfax, DC GIS, DDOT, DRES, OCTO, VITA, G5A, E... _—;J_fﬂ 31
—

Cuban crocodile (Crocodylus rhombifer) named

ERED T8

Dorothy surprised zookeepers when one of the




THE ART OF GEOSPATIAL VISUALIZATIONS

It’s not just software and it’s not always as simple as “just the facts”; it’s thinking through
what the data (and you) want to communicate.

= Perception Mark Monmonier -

: ;:;Tpulation ““wmmmuills

) 5 umi Editton
= Deception :

= Projection
= Break points
= Color

®= Rubric
= Digestibility
= Clarity

= Questions prompted
= Message delivered

Wich a new Parewand by H. L de BIf
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GIS FUNCTIONALITY TAKEAWAYS

GIS can integrate tabular data (from a spreadsheet, database, surveys, social
media, etc.) with locational information (country, state, county, ZIP, etc.) to
make data become more visual, digestible, and meaningful.

GIS can help think through any problem where location matters.
GIS can compare different areas, time, or populations.
GIS represent data in ways that improve understanding.

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

GIS can help describe and compare data.
GIS can help model a larger population, infer, predict, and explain.

GIS can affect people’s perceptions and public policy.




