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About The Course



Introductions: About Me

* I’'m a lecturer in the Department of Environmental Conservation

e Research and teaching interests include:
* Invasion ecology
 Spatial statistics, modeling, and GIS

* | learned GIS on my own, so you don’t have to!

* Other courses | teach:
* Intro to Quantitative Ecology
* Analysis of Environmental Data
e Spatial Data Analysis in R



Course Structure

* This is a hybrid synchronous/asynchronous course. It
consists of lectures and optional lab sessions.

* Real-time lectures are held on Zoom Tuesdays and Thursdays
9:45AM - 11:00AM
* Recordings of the lectures are posted to the course ECHO360
page.
* Enrolled students will find links to the Zoom channel and the
ECHO360 pages in Moodle (they are not public-facing).

* Labs are held Wednesdays 11:00 — 1:00 and Fridays 9:00 —
11:00



Synchronous Lecture Sessions

* These sessions will include:
* Content delivery

* Questions: Please feel free to interrupt me to ask questions at any
time.

* Map Puzzlers: these are meant to be fun exercises about mystery
locations. Think Carmen Sandiego!

* Map Showecase: This is your chance to show off the maps you
create in lab!



Course Websites

GitHub Moodle
* Most course content is included ¢ There will be minimal content on
here: Moodle. We'll primarily use it
* Lecture note pdfs for:
e Lab instructions and data * Assignment submission
* Links to video walkthroughs and * Midterm
tutorials e Material that is for enrolled

students only.
* Non-public discussion forums



Lectures and Lecture Notes

* PDFs of the slides are posted to GitHub

e Slide PDFs will be updated as needed to account for questions that
arise in class.

* Slide PDFs will be updated as needed to focus material on your
Interests.

* Slide PDFs will be updated as needed when errors are found!

* The most up-to-date slide PDFs can always be found on the course
GitHub page.



Course Software

e GIS is software intensive... Lab 1 contains software instructions.

* Windows Virtual Desktop: this takes a couple of days to set up after
your request.
* Sign up for access here ASAP

* Expect to spend time troubleshooting! It’s part of the joy of GIS.
* Don’t be afraid to ask for help when you get stuck (Dr. Google, me, your TA)

* Since this is a compressed summer schedule, you’ll need to get
started on software setup ASAP! Expect to have to do
troubleshooting. The course software often runs smoothly, but if you
run into problems, it’s best to get them fixed early!


http://forms.office.com/Pages/ResponsePage.aspx?id=C4vQe5UzwU2Uu9Cy5WpJf7IUYYPk2mRJnR75hXW004lUM0dLOVdLSjZQM0dXWFpPNzZMSktEWkRORC4u

Lab Sessions and Office Hours

There are 2 optional lab sections per week.

| strongly encourage you to attend all or part of any lab session you
can. They great for questions, collaboration, and troubleshooting

Office hours are held Thursdays after class 11:00AM — 1:00PM



Labs and Lab Due Dates

Labs are designed to:

1. Give you a chance to practice the concepts from lecture
2. Build your general and GIS problem solving skills

3. Build technical proficiency in Arc GIS software

Lab due dates are meant to keep your progress up to date and facilitate timely
grading/feedback.

* Life happens. If you need more time, be in touch!

* You can find a list of assignment dates in the syllabus, or by examining the
calendar feature in Moodle.

* Labs submitted after the due date will receive a 10% late penalty, unless we’ve
made prior arrangements.



Midterm

* This exam is meant to:
e Assess and reinforce your understanding of the lecture content.
* Exercise your problem-solving skills.
* Exercise and reinforce the technical skills you learned in labs 1 =5

* The exam is open-book/open-notes, but...

* You may ask questions of your classmates; however, all questions
should be posted in the publicly-accessible Midterm Forum on
Moodle.

* We cannot answer technical questions on the midterm questions.



Final Projects and Posters

* You'll get a chance to apply your GIS knowledge and problem-skills to
a real-life problem!

* We have a list of potential projects and data sources.
* You may select your own, custom project.

* This is a chance to be creative

* Poster session

* More info to come!



Full syllabus is on GitHub

e You are responsible for knowing
the contents!

Syllabus

Highlights

e Ask us for help
e Don’t get behind on labs
e Ask us for help




What can | expect of this course?

* What do you want to get out of it?
* How much effort will you put into it?

* Warning: you may feel overwhelmed at times, especially in the
beginning. GIS isn’t easy, but it is a lot of fun.



You Will be
Overwhelmed

"Piled Higher and
Deeper" (PhD) is
the comic strip
about life (or the
lack thereof) in

academia by Jorge
Cham.

WwWwW, PHDCOMICS.COM




Intro GIS Myths and Misconceptions...




Intro to GIS
Myths

MYTH: ‘This course
is titled
‘Introduction to
GIS), it’s going to
be easy!”




Intro to GIS
Myths

MYTH: ‘We have
three hours in lab
each week, I'll
never have to
work on GIS on my
own!’

MEMEVENEIE TMIEL



YW\ O PE!NOPE.NOPE NOPE

MYTH: ‘This class
is just about
learning a
software package;
I’ll always be told
exactly what to
do’




Even though this is not an easy course,
it is a lot of fun!

GOOd NEWS I Software and concepts can be

challenging, but maps are awesome!



What you need to
succeed (with GIS)

Be organized!

You will not remember
It’s likely that you’ll anything about ‘temp1’
create a lot of similar the day after you
file names create it. Keep notes,
use intuitive file names.

Keep a log of useful
tools — ArcGIS naming
conventions are not
always intuitive



Stress Reduction Kit
What you need to

succeed (with GIS) Bang

Be organized!

Try not to get frustrated H e a d
Here

Directions:

[. Place kit on FIRM surface.

2. Follow directions in circle of kit.

3. Repeat step 2 as necessary, or until unconscious.
4. If unconscious, cease stress reduction activity.



What you need to
succeed (with GIS)

Be organized!
Try not to get frustrated
Get started early

Save your work often
Use Google in addition to ArcGIS help

Ask someone if you can’t solve it yourself




A moderately-sophisticated
What you s

understanding of how your computer

need to sees the world.

succeed (with
GIS)

Resourcefulness, patience, creativity,
and problem-solving skills.



Computers Poll!



Don’t worry if you didn’t know all the
terms in the Zoom poll.

Moderate Level
of Computer

Sophisitication... We will learn more about all of them
during the course.



What is (a) GIS?



“A GIS is a computer-based system to aid in the
collection, maintenance, storage, analysis,
output, and distribution of spatial data”

W h . With GIS, we can ask (and answer) the question
at 1S d of ‘where’, not just ‘what’
GIS?

f ) People learn GIS for lots of reasons: academics,
S research, professional, agency work, and others!



Three Big Themes

L

L
Understanding
The “theory” behind GIS

Building
Technical Competency in GIS

Developing
Professionalism

Source: https://docs.google.com/document/preview?hgd=1&id=1xARwWR8xqgjNiaN7hFYubwgSXjSxsasUmTxLOmMFFWUk1A



Learning Objectives |

Geographic Information Science & Technology

=00y of Anowledde

b 0 M e A b A Ema s

UNIVERSITY OONSORTILUM FOR GEGGRAPHIC INFORMATION SCIENCE

The course is aligned with the Learning
Objectives set forth in the

Geographic Information Science &
Technology Body of Knowledge

Which “specifies what aspiring geospatial
professionals need to know and be able to
do.”




Learning Objectives I

This course will help provide you
with some of the core
competencies expected of a
Geospatial Professional

Indmﬁy-&e‘clorTechnitj.aICompeTncies as SpeC|f|Ed |n the
— Geospatial Technology
Competency Model (GTCM)
T * We'll just scratch the surface
e T e * | encourage you to check out
e — the GTCM on your own
Interpersonal Skils | Integrity ‘ Professionalism | Inifiative ‘ Dﬁ:‘;“"“ Lifelong Leaming

https://www.careeronestop.org/competencymodel/competency-models/geospatial-technology.aspx



https://www.careeronestop.org/competencymodel/competency-models/geospatial-technology.aspx

* Gl Science blends concepts from many other
What is G| disciplines. It includes elements of:

Science?

It’s complicated...

* information science, ‘big data’, and
computer science

But we’re going to learn!
* Geography and cartography
* Ecology, conservation, and policy
* Probability and statistics

e And others



Communicating with your Peers

* For now, | will set up Moodle Forums.

* | encourage students to self-organize into groups to collaborate on
labs.

* | also encourage students to communicate outside of class, or in
forums that your instructor isn’t part of. It’s helpful to have a space
where you can express your ideas without your instructor present!

* |'ll leave it up to you to decide what format this may take.
 Slack? Discord?



Semester Overview



Semester in Twenty Minutes (ish)

ﬂ. U U e
A run through of our Focus on big topics Should feel
semester ahead. and important dates. overwhelming (it is!)



Semester in Twenty Minutes (ish)

Software Big concepts Labs



But first... A map puzzler!






What is your generic term for a sweetened, carbonated beverage?
&
5 * ...'.:

Wap by Jodhua Kelr, Deparyiesl of Slatele, NC Sule Unviesity
Baanad on survey dain o Bt Vaus, Daparimeni of Linguishics, Unnwsiy ol Cambridgs



GIS 1s not just ESRI



GIS Software



GRASS GIS

Qgis

Python

GIS Software

Lots of niche tools

The ESRI universe

e We’ll use ArcGIS Pro




We'll be using ArcGIS Pro

ON SECOND THOUGHT LET'S NOT GO
TO ARCMAP

' -

-

| o L0
memegenerator.net




Arc History

* The current iteration of the main ESRI software is called ArcGIS Pro.

* Pro is meant to replace the earlier ArcGIS Desktop. The component
most people are familiar with is ArcMap.

* Lots of people still use ArcMap — You'll find lots of help online for
both Desktop and Pro. Unfortunately, ArcMap help entries are
usually not directly applicable to Pro.

* ESRI software runs on Windows only®
* Don’t despair — we have workarounds for you.



ArcMap
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ArcMap
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Big Concepts in GIS



Graphically: A set of

What’s the a map? points?
0est way to

represent

space? o

description?




't’s time for a poll: Spatial Data!




£ Graphically: A set of
Each of these \ map? Soints?

are valid
models of
spatia

A text
phenomena! description?




H OW WCE The natgre of the spat.ial entity: is it a
represe ﬂt mountain? A tree? A river?
spatial data

d e pe N d S Our focus: do we care about shapes?

on Relative positions? Distances?



We'll learn
all about
vector and
raster data
models!

Yector data Raster data

represg‘ntation representation
TEET
*E 1T 1
Vector data is focused on modeling Raster data is focused on modeling
discrete features with precise shapes continuous phenomena and images

and boundaries. of the earth.

http://map.sdsu.edu/geog104/lecture/unit-2.htm



Big Concepts in GIS



Maps are flat,
but the Earth
IS not!

What's the best
way to represent a
curved and lumpy

shape on a 2-
dimensional
surface?




Oh, projections....

Projections

and
Coo rd INnate Which is bigger, USA or Brasil?

Systems

Let’s check out some areas.



https://www.mylifeelsewhere.com/country-size-comparison/brazil/united-states

What is a projection?

A projection is a
mathematical transformation
from a curved surface to a
flat one.

Projections are all about
compromise.



World with
Mercator
Projection




Equal Area
Projection —Is
this better?




3 C3
ANTARCTICA

Projections

make us think
about Ly,
representation

Bering

ARC\T[C

.




Projecting
always

introduces
distortion. AT

Upper left: Globular., Upper right: Orthographic. Lower left: Stereographie.
Lower right: Mercator

What four commonly used projections do, as shown on a human head



What is the
shape of the
Earth?

Hint: It’s not a sphere!

.....
------
-----
oooooo
ooooo
ooooo

Topography

H

oceans ' Orthometric
. Height

h -
Ellipsoidal Height
from GPS

N

Geoid
Height

Image via University of Oklahoma at http://principles.ou.edu/earth_figure gravity/geoid/



What is the
right
projection?

We'll save that question for
later...




Big Concepts in GIS



Arrangement of
spatial features

TOPOLOGY

CHAIN 1

ap

A 1

B

SPATIAL RELATIONSHIPS
RN ER TADJACENCY
RIGHT POLY = B
NODE 1 = CHAINS A, B, C
CHAIN A IS CONNECTED CONNECT!V’TY
TO CHAINS Band C
POLY B CONTAINED CONTAINMENT

;

WITHIN POLY A




Polygon Construction and Editing

a. Polygon s not

closed (start and end d. Polygon is oriented in

points do not overlap) anti-clockwise direction
rather than clockwise

k. Polygon

intersects tself (a

It:":lw—t-ﬂl

} e. Folygon has a dangling

segment (dead-end)

c. Segments forming

polygon are not all oriented
in the same direction



Spatial Data Troubleshooting

Two reference points,  Too many

Fargotien node \ PEFhaES A Ing is verjees Eiadlyfliigﬂp'&d
{ missing J(

Two nades do nod

/ mateh

Knot (unintentional

Missing reference
point ©

Farhaps not ling crossing)
an ovarshoot
| . Dadly placed
/‘r relarence point
Qvarshoot . Duplicated arc or

' missing nodg?
/ 1 )

Lndgrshoot, no Duplicate arc Missing ling
matching node



Logical Operations

TABLE 1-1 Basic Identities of Boolean Algebra

1) x+0=x 2) x-0=0

Bx+1=1 “4) x-1=x

G)x+x=x 6) x-x=x

() x+x' =] 8 x-x'=0
O)x+ty=y+x | (10) xy = yx

A) x+(y+2z)=@x+y)+z (12) x(y2) = (xy)z

(13) x(y +z) =xy + xz (14) x +yx = (x + y)(x + 2)
(15) (x +y)' = x'y’ (16) (xy)' =x" + ¥’

(17) (') = x

http://www.cs.science.cmu.ac.th/person/chumphol/204231/Basic%20ldentities%200f%20Boolean%20Algebra.jpg



Meas

How do you

ure the

distance of a

comp
curve

icated
7

Benoit Mandelbrot

How Long is
the Coast of Britain

Statistical Self-Similarity and Fractional Dimension




Big Concepts in GIS



Spatial Autocorrelation

An application of a
statistical concept
(correlation coefficient) to
spatial phenomena

http://pro.arcgis.com/en/pro-app/tool-
reference/spatial-statistics/h-how-spatial-
autocorrelation-moran-s-i-spatial-st.htm

The Moran’s [ statistic for spatial autocorre lation is given as:

Tt T

=1 5=1
I=— — (1)
So -
: ]
1=1

where z; is the deviation of an attribute for feature ¢ from its mean (x; — X), w; 4

1s the spatial
weight between feature @ and j. n is equal to the total number of features, and Sy is the aggregate

of all the spatial weights:
n n

So = > > wi, (2)
i=1 3=1
The zp-score for the statistic is computed as:
I — E[I] )
2= (2)
VVI]
where:
Elll] = —-1/(n —1) (4)

V[I] = E[I?] — E[I]? (5)




How do we
model - i vedas }_, g *
terrain? =

What can we

use our model
for?

1900 feet
1700 feet
1500 feet
1300 feet
1100 feet
900 feet
T00 feet
500 feet

65 Pet. Slope
60 Pet. Slope
50 Pet. Slope
40 Pet. Slope
30 Pet. Slope
20 Pet. Slope
10 Pet. Slope
0 Pct. Slope

QI

Via: http://www.innovativegis.com/basis/Papers/Other/ASPRSchapter/



G %
== Computational Thinking

Computational
hinking is
Mode ‘
Thinking

Breaking a big problem down into smaller parts

Looking for similarities between and within problems

Taking the detail out of a problem and ignoring irrelevant information

Adapting solutions to other problems to solve new ones

2O00a

Simple rules to follow that solve the problem ©iCompute Teaching Ltd - All Rights Reserved



A GIS
modeling
Orocess

Geographic Inquiry Process

ACQUIRE

geographic
resources

ASK

geographic
questions

EXPLORE

geographic
data

ACT on ANALYZE

geographic geographic
knowledge information

http://www.esri.com/Industries/k-12/education/~/media/Files/Pdfs/industries/k-12/pdfs/geoginquiry.pdf



GIS Applications



Earg application in
epidemiology:

Dr. John Snow’s
map of cholera

outbreaks in
London, 1854.

Deathswere
concentrated near
Broad Street
Pump, which was
adjacent to a
cesspit.

B Fump sites
##: Deaths from cholera




Fire hazard o eant

Flood hazard

Risk Analysis

Hazard risk

http://www.geography.hunter.cuny.edu/~jochen/GTECH361/lectures/lecturel1/concepts/Working%20with%20NoData.htm



Suitability analysis example:
Where’s the best location for a new doggie daycare in Seattle?

L

Nap time

mw:}l_!r
gaztl pfk.-;f
—— Washington
ey

_MAPQUEST.




Where’s the best location for a new doggie daycare in Seattle?
What factors might be important?

L

i
_:'/‘ —:-.‘\:\\ Wu_ﬁl'i:#lon
- /i

_MAPQUEST.




Demographic
_ayer

Customer Suitability

O

Combined Criteria:

» Median
Household
Income A

» Average Age

» Percent of .
Condominiums Suitability Score

50 Points Possible
10-14

» Percent of -
Professionals —

» Annual Spending | = -
on Pets

L L L 1 i 1 1 |




nfrastructure
_ayers

Distance Suitability

O

Combined Criteria

« Distance to
competition

» Distance to
Parks

» Distance to
Arterials

» Proximity to
Central Business
District

Suitability Score
40 Points Possible
9-17

[ RER
Bz
[ EEE
[ EEY




Suitability
Model

Overall suitability is a
combination of
demographic and
infrastructure layers.

Parcel Suitability

After combining
Customer
Suitability,
Distance
Suitability and
parcel criteria,
you end up with a

Suitability Score

map Of pOtel’ltial 1°Wt:;:;m.
properties that -
meet all of your —

[ R

requirements.

4 Miles
|




Example: Emergency Planning

]

= l.:I '.LT P

LOUISIANA EMERGENCY EVACUATION MAT * Priority evacuation sites in
P A= T fr s Louisiana

 What information could the
priority levels be based upon?




Animal Movement: What applications could
this map have?

Skilak La

©
e
En Y

Kenai National Wildlife Refuge




Map of the day: Visualization

wind map

October 29, 2012

oY pm ELT

i speed: 45.1 mph
varagid: 9.3 mph

Lad — —d - Las —
Lt i - - - =
i |




Data exploration (in ArcGIS)

Protected lands in Massachusetts
is a spatial dataset that you can

download from MassGIS.

You’ll get a chance to use this data

layer in a lab!



Spatial Data Basics.

FOr next
session:

Into To Cartography.

Intro to Midterm and Final Projects.
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