Deck 2: What is GIS,
anyway?

Cartography, Data Formats, Querying, and Shape file Basics
Intro to GIS — UMass Amherst — Michael F. Nelson




Gallery of the Absurd
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Cartography



* GIS output is often a map

Ma 0S: * People produce more
maps than ever now that
GISs are available and

Relevance to
GIS accessible.




Maps:

Relevance to
GIS

* Representational issues are
very important for that
reason

* Need for cartographic
principles and
understanding is
increased by the
availability of GIS.

*GIS is helping to broaden
the forms of maps we can
feasibly produce.



What is a Map?

‘A map is a graphical representation of the milieu’

Milieu means environment, and in this context broadly includes all aspects of
the cultural and physical environment.

Here, milieu also includes mental abstractions that are not physically present on
the geographic landscape (e.g. people's attitudes) yet can clearly be mapped.

A. H. Robinson and B. Bartz Petchenik. 1976. The Nature of Maps: Essays
Toward Understanding Maps and Meaning. Chicago: University of Chicago

Press. pp. 16-17.



Mapping is Model Thinking

A Model is a simplified version of reality. It is an
abstraction!

All models are wrong, some models are useful.

Einstein’s famous quote: “Everything should be made as
simple as possible, but not simpler”



Cartography: The art and science of
making maps

Goal: Communicate geographical information graphically

Conflict: There is an inherent conflict between maximizing
information content and ease of understanding



Map Design: Purpose



General-Reference
Cartography

* Focus is usually on geographic
location, not explicitly
displaying data.

* Emphasize the relative location
of spatial phenomena.

* E.g. : USGS Topographic Map
 But these do show elevation!
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https://www.researchgate.net/publication/321941897/figure/fig2/AS:573649531752449@1513780114233/Modified-topographic-map-from-USGS-National-Map-website-showing-through-valleys-leading.png

A dot-distribution map

Thematic

Corn for Grain or Seed, 1992

Cartography

* Emphasize the spatial pattern
of one or more geographic o
attributes.

=1 Wheat for Grain, 1992

* Example: Dot density

* Higher density of dots = greater
agricultural production

* Note: dots do not represent | P AT
fa rmS! 1 Dot: 10,000 Acres - ‘\\ , N O W

United States Total
59,089,470

Copyright © 2009 Pearson Prentice Hall, Inc.




Thematic Cartography:
Choropleths

* Use color to emphasize theme:
population density, family
income, daily temperature
maximums, etc.

* Choropleth: color is proportional
to a numerical value

* Value (from HSV — more info later)
is proportional to Perot support.

* Color becomes thematically
informative

Vote for Perot, 1992




Map Design: Color
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Map Design: Color Models



Color Models

RGB

* Three color channels
e Additive effect
* Red, Green, Blue

e Simulates our eye physiology

* Cone cells are differentially
stimulated by different
wavelengths.

* Computer screen pixels have R,
G, and B light emitters.

Hue Saturation Value (HSV)

* Hue: color quality
* Red, yellow, brown, etc.

e Saturation: amount of gray in
the hue

* Value: brightness



Harmony: Color Choices

HSV

ALY, S e "‘"‘,
o R
A

e Color ‘quality’

e Saturation ..-..

. )
e aka ‘vividness

*Value
* aka Light/Dark




Harmony: Color Ramps ¢ symbology:

Color Ramp:
A color ramp maps - _

WL ange

values to colors 1-66
&7 -130
(hues). I 131 - 207
B 202 - 277
B 27 - 35

Arc has many built-in
color spectra, a.k.a.
color ramps. ~ Showclass ra

o/ |




Map Design: Composition and
Clarity




Composition refers to the relative positions of elements
on a map

Composition:
Avoid excess
white space

Like this...

Population Trend

I
0

T T 1 T T T |
435 870 1,740 Miles

Bad Composition Map

STATES S

POP1999
| | 482005 - 2135252
[ | 2135253 - 4790311

I 4790312 - 98B6B40
I 9a66641 - 20127338
B :v127338 - 33090214

&
v

...or this



Composition and
Clarity: Reduce
Distractions

* Do not decorate
your results!

* Make your results
the focus.




Clarity and

Ign:
on

Map Des
tul

1IN

ppropriate

* Use intuitive colors schemes and a
cropping/zoom level.




Clarity: Font

Choices

* Serif (e.g., Times New Roman)

* The quick brown fox jumped
over the lazy dogs

 Sans-serif (e.g., Arial, Calibri)
* The quick brown fox jumped
over the lazy dogs

* Display: Impact, Forte, Comic
Sans (gasp)
* The guick Grown fox jumped
over the Lazy dogs



Thematic Maps and Data Scales



Four Important Data Scales

Categorical:
Nominal

P
Non-numeric,

discrete,

unordered
L

\

J

Categorical:

Ordinal

4 I
Non-numeric,

discrete, has an

intrinsic order
L J

Numeric:

Interval

Has a
moveable zero

-

J

Has a
meaningful
Zero



Nominal
Data:
Bedrock Map

The Bedrock of Massachusetts

The Office of the Massachusetts State Geologist
and the Department of Geosciences at U-Mass, Amherst

UMASS

sciences

http://www.geo.umass.edu
Department of Geosciences
University of Massachusetts
611 North Pleasant Street
Ambherst, MA 01003

(413) 545-2286

Map based on USGS Open-File Report 03-225

Rock types in
Massachusetts

Sedimentary Rocks
I Calcarous Schists

B Marble
I Granite
I Mafic Rocks

[ Metamorphic Rocks

- Sediments



Ordinal Data:
Hydrographic
Map

Groups are
intrinsically
ordered by
infiltration rate.

Color qualities are
points along a
gradient.

Hydrologic soil groups are based on estimates of rnoff potential. Soils are assigned to one
of four groups according to the rate of water infiltration when the soils are not protected by vegetation,
are thoroughly wet, and receive precipitation from long-duration storms.

The soils in the United States are assigned to four groups based on the National Engineering Handbook, Part 630 Hydrology, Chapter 7.
The groups are defined as follows:

|:| Group A: Soils having a high infiltration rate (low runoff potential) when thoroughly wet. These consist mainly of deep, well drained
to excessively drained sands or gravelly sands. These soils have a high rate of water transmission.

- Group B: Soils having a moderate infiltration rate when thoroughly wet. These consist chiefly of soils that are moderately deep to deep to a
restrictive layer, moderately well drained or well drained, with textures ranging from fine sand to silt loam.
These soils have a moderate rate of water transmission.

- Group C: Soils having a slow infiltration rate when thoroughly wet. These consist chiefly of soils having a layer that impedes the downward
movement of water within 20 to 40 inches of the soil surface or soils with fine textured layers. These soils have a slow rate of water transmission.

- Group D: Soils having a very slow infiltration rate (high runoff potential) when thoroughly wet. These consist chiefly of soils that have a high
water table (<24"), and soils that are shallow (<20") over bedrock or other nearly impervious material.
These soils have a very slow rate of water transmission.

'::I Soils that are assigned group D due to high water tables are given a dual hydrologic group (A/D, B/D, or C/D). The first letter is the hydrologic
group if the soil has been drained; the second letter applies to soil in its natural, undrained condition.

*This map is intended to proviede an overview.of genéral soil charateristics, not to provide site specific soil information. 0 5 10 15 20 2

5
Onsite soil information should be collected:for engineering and design purposes. - ) Miles

< Created March 2017
by USDA NRCS Massachusetts ok
from 2017 Soil Survey Data Semres Ss, USIEs), (A

USDAis an equal opportunity employer, provider, and lender




Ordinal Data: Hazard Map

Categories, but with an intrinsic

ordering.
* (Categories are not numeric.
Why not?

LOUISIANA EMERGENCY EVACUATION MAF

- 7 LR F T
- i - —
e ir e . I
ais Iq_h L i 4
L T; " mr - 3 ..
LI e -
] - = ' _ g k o T
. =y Eane - T, | s
¥ - ~F i
w1 L




Interval Data: Choropleth

Color quality (hue) or intensity
is scaled to a numeric quantity

Average minimum winter
temperature, Celsius scale.

How could we convert this to a
ratio scale?

Bone and Nelson, 2019. Forests



Ratio Data: Cartogram

Cartogram: Area is proportional to a quantity like population.

World Population in 2018 - Our World

The country’s size in this map represents the size of the population. | % ] 1 n Data
Each square [#] represents 500,000 people. i
All 15,266 squares show where the world’s 7.633 billion people live. | Germany F’g!?nd
i e 82.3m
— the free online publication that presents

nd data to make p: the world’s t problems.

m the United Nati ation Division

)

Version 3 (Octol Licensed under CC-BY i

Spain

United States
326.8 million

4.3% of the world population :
Algeria
42m

19.1m

Ethiopia 1o

g 1,354 billion fzu

17.7% of the world population.

PR 09.1m ) SRl AdlTen
84 million a lia in tot | 4 1 million

South A 28 million
). f th

By Max Roser - https://ourworldindata.org/world-population-cartogram, CC BY 4.0,
https://commons.wikimedia.org/w/index.php?curid=83545890



Ratio Data: Proportional Symbols

Countries Population in Europe

» <

Circle area is proportional to a
numeric quantity.

How useful is this

representation for interval

data?

* Hint: what about negative
values?

Total
population (2008)

82217837
37302950
9908790
35356

o

Eurostat, 2008
cartography

https://r-graph-gallery.com/177-map-with-proportional-symbols.html



Ratio Data: Dot Density

s
US Lightning Deaths, 2007-2017

Number of dots/area is J T
./ “veo s
proportional to a numeric S i
BRI A5 P
Any opportunities for confusion ‘Jf%

with this map type? R S

1 dot = 1 person

Representative Densities:
Each box represents 135 square miles

) + Male ; ies-
More male deaths? What’'sup =" (.. r B s, . upe
10 N Created by Shayna Fever
. . . November 7, 2018
in Missouri? 0 O
National Weather Service
S

By S.fever - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=74366934

*Alaska and Hawaii are not included as no lightning deaths betw een 2007 and 2017 were recorded in those states



Numeric
Data ana
Map
Types

Choropleth

e Maps quantities to colors
e Good for interval data

Cartogram

e Maps quantities to sizes
e Good for ratio data

Dot Density

e Density of dots corresponds to value
e Good for ratio data

Proportional Symbols

e Size corresponds to value
e Good for ratio data



Final Projects!



Final Project
Components

Project Idea Proposal

e What is your general idea?

e Check out our list of project ideas or come up
with your own!

Analytical Proposal + Map

e \What is my question, idea, goal?

e \What are my data sources, how will | use
them?

e Map of study area.

Poster

e Presentation of your work
e 4 sections: Intro, Methods, Results, Discussion



Project Ideas: Help, what do | do next?

* Check out the example data sources and project
posters on Moodle.

* Explore MassGIS and the US Census Bureau websites.
* Check out the Umass Library GIS Hub.

* Think about your research interests. Do you have
some data you’d like to use?

* Chat with me and your TAs.



https://gis.library.umass.edu/

Thinking Spatially



Thinking
Spatially: How
GIS Works

GIS is not just a digital
mapmaker! It is a way of
thinking and solving
problems.

Start thinking about the
scope of problems for

which GIS is useful.



CO

nere did GIS

me from?

Background in geography,
cartography, computer science
and mathematics

Fusion of information systems
and imaging/positioning
technologies

Geographic Information Science is
a new interdisciplinary field built
out of the use and theory of GIS



Abstraction of
Reality

Maps and GIS abstract
reality, and how that reality
Is recomposed determines
how it is represented.

Your choices as a GIS user
will determine how people
see reality.



You will learn foundational and
theoretical concepts.

Thinking These help us solve any GIS
Spatia V: problem.

Concepts vs.
Implementation

Arc GIS is a specific

implementation... but there are
ots of others.

Don’t become tethered to a
particular implementation!



Geographic Information Science

Management

GIS as a Toolbox :

“...a powerful set of tools for storing and retrieving at will, transforming and
displaying spatial data from the real world for a particular set of purpose”

Peter Burrough (1998)



Geographic Information Science

Management

GIS as a System:

“An information system that is designed to work with data referenced by spatial
or geographic coordinates. In other words, a GIS is both a database system with
specific capabilities for spatially-referenced data, as well as a set of operations for
working with the data”

Jeff Estes and Jeffrey Star (1990)



Geographic Information Science

Management

GIS as a Science:

“The generic issues that surround the use of GIS technology, impede its successful
implementation, or emerge from an understanding of its potential capabilities.”

Goodchild (1992)



Geographic Information Science

M

Don’t let this workflow diagram fool you!
A GIS process is iterative.



Geographic Information Science
)

Management

Types of Spatial Data Available:

e\/ector Data
eRaster Data

eTriangular Irregular Networks

RRRRRR

11111111111

11111111111

124569 234568

Spatial

222222222222
9999999
124569 234980

Camputer




Geographic Information Science

M

Spatial Data Terminology:

eVector Data also known as a “shapefile”

eRaster Data also known as a “grid” ('\\

\ } ArcGIS specific
! terminology

General Terminology



Geographic Information Science

m L M
(=] ? il ,
5

Types of Spatial Data:

e\/ector data has 2 components

e Attributes

e ocations
eRaster data: just a grid!




Geographic Information Science
)

Management

Types of Spatial Data:

e\/ector Data

e|cons look like points, lines,
or polygons in Arc

In ArcMap:

.
Add Data

Loaok in: |E[Ja13]a|::1 ""'| & far LE| FEE '|

i Campus.p2

-*/Ice_Rinks.shp

=i mtholyoke

-] Schools.sh p
El Towns.shp




Geographic Information Science
)

Management

Vector data: “Shapefiles In Windows explorer:

A “Shapefile” is actually a collection of |l Rinks.dbf

|| Ice_Rinks.pr

related files with similar filenames, but |~ 1 rincsor

U] Ice_Rinks
|| Ice_Rinks.shp

different extensions.

= Ice_Rinks.shp
|| Ice_Rinks.shx




Geographic Information Science

Types of Spatial Data:

eRaster Data

eGrids are just like digital
images

eContinuous or categorical




Geographic Information Science
)

Management

Types of Spatial Data:

eRaster Data

e|con looks like a grid in Arc

In ArcMap:

.
Add Data

Loaok in: |E[Ja13]a|::1 ""'| & far LE| FEE '|

i Campus.p2
Counties.shp

. |Ice Rinks.shp
mthn:ulj,n:u ke

E| Schools, shp
El Towns.shp




Geographic Information Science
Y

Management

In Windows explorer:

Types of Spatial Data Available:

| . info || dblbnd.adf
e\/ector Data | mtholyoke | hdr.adf
|| prj.adf
eRaster Data L] sta.adf
» | | vatadf
e|mages || w001001.adf

|| w001001x.adf
eContinuous and categorical



Geographic Information Science

Management




Geographic Information Science
)

Management

Sources of Spatial Data:

*  Web: WorldClim, Databasin, Federal and state government, so many more...
*  Purchased data (e.g., remotely sensed imagery)

*  Faculty & graduate students

* Create your own! We'll do thisin lab 5.



Google

‘Mass GIS
Data
Layers’

1) Mass. gov Search Mass.gov

LIVING v WORKING v LEARNING v VISITING & EXPLORING v

MassGIS Data Layers

Each digital dataset name below links to a complete datalayer
description. On each page you will find metadata and links to free data
download.

The date below the datalayer name on each
page represents the month and year of the IS

most recent update (or when the data first

appeared in MassGIS' database). If you need
more details, especially at the feature level, you will find contact information in the Maintenance

section of each page.

See the Data Overview for data attribution and citation language and the spatial reference of



Some Data Sources

* U.S. Department of Labor: emerging fields

* http://www.doleta.gov/brg/jobtraininitiative/

* GIS Certificate Program
* http://www.gisci.org/

* U.S. Geological Survey
* http://www.usgs.gov

* U.S. Census Bureau

* http://www.census.gov/

* National Weather Service: GIS portal

* http://www.weather.gov/gis/

* Hurricane Center

* http://www.nhc.noaa.gov/

* U.S. Department of Housing and Urban Development: GIS portal
* http://egis.hud.gov/

* U.S. Department of Health and Human Services: data
warehouse

* http://datawarehouse.hrsa.gov/

* Federal Highway Administration: GIS in transportation

* http://www.gis.fhwa.dot.gov/apps.asp

* Forest Service: geospatial service and technology center
* http://www.fs.fed.us/

e U.S. Department of Agriculture: program on precision,
geospatial & sensor technologies

* http://www.nifa.usda.gov/nea/technology/technology.cf
m



http://www.doleta.gov/brg/jobtraininitiative/
http://www.gisci.org/
http://www.usgs.gov/
http://www.census.gov/
http://www.weather.gov/gis/
http://www.nhc.noaa.gov/
http://egis.hud.gov/
http://datawarehouse.hrsa.gov/
http://www.gis.fhwa.dot.gov/apps.asp
http://www.fs.fed.us/
http://www.nifa.usda.gov/nea/technology/technology.cfm
http://www.nifa.usda.gov/nea/technology/technology.cfm

Geographic Information Science

M




Geographic Information Science
)

Management

Data Management:
e [Vector] spatial data rely on databases, so they require database management

e Currently lots of movement towards online and multi-user geodatabases

_fim

I f=

Square  Number of

Address Buit motlage bedrooms
816 High Streed| 1888 | 2200 4 bedrodams




Geographic Information Science

Management

The Row Data Paradigm is

implemented in vector data

 Data arranged in 2D tables

 Rows are entities/observations

e Columns are attributes

* Row Data Paradigm allows us to
relate different tables.

* Also known as ‘long-format’

| TtleDead Plot Owner DeedDate |

| Parcel Pld Location AraSize |

2108 101-367 181 21996 21 2001 435
[8871 101480 100171954 | [8871 1482 550 |
1515 134-788 01051981 2108 2323 1040
[3421 101-367 25091996 | [1515 2003 245 |

"y -

. .

e
'Y o
(b =)

|Plot Owner DeedDate Pld LocationAreaSize

2108 101-367 18121886 2108 2323 1040

BET1 1071-480 10/01/19B4 BB71 1462 55
1515 134788 01081881 1515 2003 245
(3421 101-367 250071006 3421 2001 435

The above join query is also easily expressed m SQL as follows,

SELECT #
FROM  TitleDeed, Parcel

WHERE TitleDeed.Plot = Parcel Pld



Geographic Information Science
)

‘ | ThleDeed Plot Owner DeedDate | | Parcel Pld Location AmaSize |
Management [BE71 101480 10M01/1984 | lee71 _id62 550 |
1515 134-768 01081091 2100 7303 1040
[3421 101-367 250811906 | [Ei5_ 003 45 |
"y -
.,
e -
u o>
= )
Structured Query Language &
SELECT - extracts data (columns to be displayed) [Plot Owner DeedDate Pld LocationAmaSize|
from a database 2108 101-367 181211996 2108 2323 1040
UPDATE - updates data in a database
DELETE - deletes data from a database Ra2i 101367 250016 M21 2001 435

INSERT INTO - inserts new data into a database

The above join query is also easily expressed m SQL as follows,

SELECT «
FROM  TitleDeed, Parcel
WHERE TitleDeed.Plot = Parcel Pld



Geographic Information Science
)

Management

What you need to know about data management:
Catalog

i E}%@Lﬁl giv| e %

e Spatial data often have metadata. et D e ko

£ ITFLabl
= B3 Labl

. But what is metadata? o

- Counties

..| |
w i iho olyol 2 Copy
[*=] Roads ®  Delete

Schools Rename
E| Towns
£ maplewood <» Create Layer...

ﬁ Toolboxes Export b
@ Database Servers

£ Database Connections
@ GIS Servers &R Review/Rematch Addresses...

| 5] Htem Description...

Mew MNetwork Dataset...




Data and
Metadata




Data vs.
Metadata

A Body M ]
What does geeks 4 geeks have -

to Say? Adelie 5 3500

“1. DATA: The term data is

derived from Latin word Gentoo 2 3550

‘Datum’ which refers to — = DATA
‘something given’. Data is raw Adelie 3 3567

and unorganized facts...”

“2. METADATA: Metadata is a
data about data. Metadata
shows basic information about =
data, which can make finding

and working with specific

instances of data easier.” Adapted from: https://www.geeksforgeeks.org/difference-
between-data-and-metadata/

Chinstrap 2 4724




Vletadata

Data without
metadata is useless™

escription - lce_Rinks

Tiption | Preview

Print % Edit =) |)pgrade = Walidate 4| Import

Ice_Rinks
Shapefile

¥
o,

..
P

fo o

- "y * Ta

. 1

¥

Y |

Tags
Ice, Rink, Arena, Skating, Massachusetts

mmary

* IS Program mapped the location of these facilities for general planning and analysis
“5es.

talayer containing all of the ice skating rinks and arenas in the Commonwealth
atts was created by the Center for Environmental Health (CEH), Massachusetts
Public Health (MDPH). The Community Sanitation Program (CSP) of the CEH,
the rink addresses and associated attributes. The CSP monitors skating rinks,
d by the state sanitary code related to indoor air quality and ice making.
ned the location of these facilities for general planning and analysis
“—rar are rinks both publicly and privately owned, as well as those

'ayer as ICERINKS_PT.



Geographic Information Science
)

What you need to know about data management:

] e | NA_CEC_Eco_levell.dbf
e Spatial data often o NA.CEC_Eco_LevelLpi]

have metadata & | NA_CEC_Eco_Levell.sbn
eam NA_CEC_Eco_Levell.sbx

& MNA_CEC_Eco_Levell.shp
& NA_CEC_Eco_Levell.shpxml

(not always in obvious places)

MNA CEC Eco Levell shx
‘ @ | NA_CEC_Eco_Levell _README.txt




Geographic Information Science

M

What you need to know about data management:

ALWAYS use ArcCatalog to move spatial data

This will save lots of headaches and help avoid those red exclamation
marks!

Drag+Drop is convenient, but it can cause unexpected errors later
(especially for raster data or with Virtual Desktop)



Geographic Information Science
)

Management

Analysis of Spatial Data is key in GIS
eQuerying of data layers (Lab 3)

eLinks between data layers (Lab 3; Lab 8)
eSpatial Modeling (Lab 4; Lab 7)

eStatistical analysis (Lab 8)



Example: Selection Tools
Select by Attribute

How many public ice rinks are located in Boston?

Ice Rinks X
Field: @ Add @ Calculate | Selection: Ej@ Select By Attributes Qgé Switch
ﬂ Shape * OBJECTID FACIL_NAME ADDRESS CITY_TOWN TOWN_ID PHONE FACIL_TYPE
11 0 Point 584 McVann-O'Keefe Me... 511 Lowell St. Peabody 229 (978) 535-2110 DCRP )
2 (|1 Point 585 Hobomock Arena Rin... 132 Hobomock St. Pembroke 231 (781) 294-0260 Public
3 2 Point 586 Hobomock Arena Rin... 132 Hobomock St. Pembroke 231 (781) 294-0260 Public
4 |3 Point 587 Boys & Girls Club 16 Melville St. Pittsfield 236 (413) 448-8258 Public
5 4 Point 588 John A. Armstrong M... ' 103 Long Pond Rd. Plymouth 239 (508) 746-8825 DCRP
6 |5 Point 589 Shea Memorial Rink 651 Willard St. Quincy 243  (617) 472-9325 DCR H H 1
7 6 Point 590 Quincy Youth Arena 60 Murphy Memorial... = Quincy 243 (617) 479-8371 Public — D ! d yo u n Ot I Ce th at att rl b Lfte ta b I es
8 7  Point 591 | Joseph Zapustas Arena | 240 North St. Randolph 244 (781) 961-0938 Public follow the row data para d Igm ?
9 8 Point 592 CDL Arena 1568 Broadway St. Raynham 245 (508) 880-3311 Public
10 9 Point 593 Burbank Area 51 Symonds Way Reading 246 (781)942-2271 Public
11 10  Point 594  Cronin Memorial Rink | 850 Revere Beach Par...  Revere 248 DCRP
12 11  Point 595 Rockland Rink 599 Summer St. Rockland 251 (781) 878-5591 Public
13 12 Point 596 Massports Club, Bavis... ' 180 VFW Dr. Rockland 251 (781) 982-7070 Public )

14 13  Point 597 Massports Club, Mini... 180 VFW Dr. Rockland 251 (781) 982-7070 Public



Example: Selection
Tools

Select by Attribute:
How many public
ice rinks are located
in Boston?

SELECT

k

FROM

Ice_Rinks

WHERE
“FACIL_TYPE”="Public’
AND

“CITY_TOWN”=‘Boston’

Select By Attributes ?

Input Rows
Ice Rinks

Selection type

New selection
Expression

load [l save X Remove

v sQL

Where |FACIL_TYPE | lisequal ~ || Public

And ~||CITY_TOWN | lisequal ~|| Boston

4+ Add Clause

D Invert Where Clause

Apply ‘ ‘ OK

< T T T




Example: Selection Tools
Select by Location: How many public ice rinks are located
in Essex County?

Select By Location ? X

Input Features @

—_— (o]
Ice Rinks v s/
o]
‘ A

o
. X [¢]
Relationship ¢
Intersec t
Selecting Feat °
Counties ° *
Search Distance 8
L o
o,

Selection type
Select subset from the current selection

[ Invert spatial relationship




Geographic Information Science
)

Management

Analysis of Spatial Data is key in GIS

e Querying of data layers (Lab 2)

e Links between data layers (Lab 2; Lab 7)
eSpatial Modeling (Lab 3; Lab 6)

eStatistical analysis (Lab 7)
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Example: Suitability Analysis
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Geographic Information Science

M

GIS Output is often a map! GIS Output at
its best is:

¢ Information rich

e Understandable (Intuitive!)



But first, a map puzzler!

<2% 3% 4% S5+%

2000 2007

WASHINGTONPOST.COM/ WONKBLOG



* When making a map, you have:

Maps are
representations,
I.e. abstractions,
of reality

* Control over content

* Control over area

* Control over emphasis

* Analog of the real world




Control over Content
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Control over Emphasis

TEXAS - 2010 Census Results
Percent Change in Population by County: 2000 to 2010

Presidio ‘

‘ Brewster

Percent Change
550t081.8

| 25.0t0 549
0.0t024.9
-10.0t0-0.1

B 21.0t0-10.1

Percent Change for State: 20.6%

Source: U'S. Census Bureau, Census 2000 nd 2010 Census Redistricting Data Summary File
For more information visit vww.census gov.
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82109,999

Total State Population: 25,145,561

Source: U.S. Census Bureau, 2010 Census Redistricting Data Summery File

For more information visit ww.census gov
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Analog of
the real
world
Topology
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Analog of
the real
world
Topology
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Mercator Projection — reality?




Equal Area Projection — an alternate
reality?




Supplement: More
Map Design



Map Quality

“The quality of the map is also in part an aesthetic matter. Maps should
have harmony within themselves. An ugly map, with crude colors,
careless line work, and disagreeable poorly arranged lettering may be
intrinsically as accurate as a beautiful map but is less likely to inspire
confidence.”

John K. Wright, cartographer and historian, and former director,
American Geographical Society
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Maps are Representations
of Reality

%E * When making a map, you have:

i

S * Control over content

XX
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X
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* Control over area
* Control over emphasis
* Analog of the real world




The Parts of
the Map

* Frame and neat line
* Mapped area (figure)
* |nset

* Title and subtitle

* Legend

* Data source

* Scale

* QOrientation
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Designing the
Map

* Basics of the Map Design
* Visual Balance
* Visual Hierarchy
e Simplicity the best!
 Pattern and Color
* Hue

* Intensity (Light/Dark)
e Saturation (vividness)

Population Trend

T T T T T T T
0 435 870 1,740 Miles

Bad Composition Map

STATES S

POP1999
[ |4m2025-2138282
[ 2135253 - 4700311
[ 4790312 - 9886640
I cose6a1 - 20127338
I 20127339 - 33090214




Visual Hierarchy
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Source: SBC Lawrence
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- Yellow Pages, 2008. =
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* Graphical representation of the intellectual hierarchy, in
which symbols and map elements are ranked according to

their relative importance
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Visual Balance

The size of the symbols

The pattern of the symbols

The color of the symbols

The visual hierarchy of the symbols and elements

The location of the elements with respect to each other and the visual center of the map




Visual Hierarchy

Title Here ——
e Graphical representation of the
intellectual hierarchy.
* Symbols and map elements are ranked Title Here
according to their relative importance.

Good Bad



Good and bad design: Can you tell the difference?

National Parks
Northeast Congolian Lowland Forests
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Designing the
Map

* Basics of the Map Design
* Visual Balance
* Visual Hierarchy

e Pattern and Color
* Hue
e Saturation (vividness)
* Intensity (Light/Dark)




The Color
Wheel: Hue

e Hues are used to differentiate
census tracts in central New
York State




The Color
Wheel: Hue

* Hues identify the majority
non-English languages in each
tract in central NY State.




The Color Wheel :

Saturation ....I

e Saturation: dark purples - near gray to vivid
purple, same hue and lightness.

* Lightness: gray through desaturated cyans to

the saturated hue.




The Color Wheel : Saturation




The Color Wheel : Value

. "the quality by which we distinguish a light color
from a dark one."

Albert Henry Munsell
A Colour Notation 1905

Value represents the luminescent contrast value
between black and white




ArcMap
Symbology
Tab

Color Hamp: I

SYm... | Hangi
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Color Brewer

Number of data classes: 3 ~ i

Nature of your data: 1

W sequential diverging qualitative

Plck a color scheme:

Multi-hue Single hue
|
i

Only show: 3 cluss BuGn
color D E s
e ]
HEX = e
photocopy safe r1
Context: i =
roads
citles
i’ =t
Background:
® soiid color [T_'
terrain

TENSparency




GIS stores both the
map and the
attributes associated
with the features on
the map

In order to
understand GIS, we
summary reed to know a it

cartography

GIS goes beyond just
mapping by ability

to manage and
analyze spatial
information
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