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Goal: Make our first ma p' Michigan 2020 Presidential Election Results

Steps for lab:
1. Import a shapefile into QGIS/R
(2020 election results in MI)
2. Color the electoral precincts
blue and red by vote share

3. Save the map as an image -
4. Create and map a new variable: vt maran (%)
3 -80
vote margin 80
-40
-20
Problem set: 20
. 40
- Repeat these steps for election data 60
R 80
from Massachusetts (in QGIS or R) 100

Figure 1: We'll make this
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Data

For this exercise we will be using a precinct-level dataset on 2020 presidential
election results for the state of Michigan, mi_2020.

Let's get started:
- download PS01.zip from Canvas (Files — Labs — PS01.zip)
- extract zip file to a folder on your hard drive
- the file we need is this: PSO1/Data/mi_2020.geojson

Dataset citation info:
Voting and Election Science Team, 2020, "2020 Precinct-Level Election Results",
Harvard Dataverse, V41. doi.org/10.7910/DVN/K7760H
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https://doi.org/10.7910/DVN/K7760H

QGIS
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QGIS

Let’s open QGIS!

long term release

IS 3.28

Firenze

Figure 2: Get ready to rock!
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QGIS

*Untitled Project

(S0 Edit View Layer Settings plugins Vector Raster Database Web Mesh Progessing Help
New ctrlen | 52 2
New from Template ’
Open.. crlso
Open From ’
| Openecent »
Close
save Ctrlss.
Ctrl+Shift+s.
saveTo 3

Properties. Ctrlsshiftsp
‘Snapping Options.
Import/Export ’

Crlsp

New print Layout
New Report..

 Layout Manager.
Layouts ’
Models ’
Exit QGIs v

1legend entry removed.

Coordinate| 6091189 | Scale 1:84388984 |~

& Magnifier| 100%

Rotation

00°

2| ! Render

 Unknown CRS

@

Pro tip: Save your progress!
Go to Project — Save As...




Name | laboz

< Gizhukov Dropbox HKS Teaching API231 Problemsets Ps02

M pata
™ output

(& Pictures

H Videos

P Dropbox

+ Other Locations

QGzfiles ~

QGIS can save the state of your workspace into a project file

- the extension for QGIS projects is .qgz, a compressed file format

- the .qgz file contains information on your project's layers, symbolization and
styles, projections and print layouts

- it does not contain your data files, or any temporary files you created

- this can be very helpful if QGIS crashes, so you can pick up where you left off
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QGIS Introduction and Demo

Introduction and Demo
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QGIS Introduction and Demo

@ Untitled Project - QGIS - o x
Project Edit View Settings Plugins Vector Raster Database Web Mesh Progessing Help
D r {8 Data Source Manager Ctrl«L I i) 1 A~ »
L Fa< o a

Create Layer '

Ctrl+Shift+R

Embed Layers and Group:
Add from Layer Definition File.. LV Add Mesh Layer.
9, Add Delimited Text Layer.

LR THO

Copy Styl
Favorites °p v
+ @ Home Paste Style @, Add PostGIS Layers... Ctrl+Shift+D
SR Copy Layer /% Add Spatialite Layer.. Ctrl+Shift+L
4 DA Paste Layer/Group B Add MSSQL Spatial Layer... Ctrl+Shift+M
» K\
@ GeoPackege Open Attibute Table s ’, Add DB2 Spatial Layer Ctrl+Shift+2
/7 spatialite Toggle Editing @, Add Oracle Spatial Layer... Curl+Shift+0
@ postGls Save Layer Edits (] Add/Edit Virtual Layer...
P mssaL _ . B Add WMS/WMTS Layer. Ctrl+Shift+W
@ Oracle Current Edits ) ye
B2 @) Add ArcGIS MapServer Layer.
@ WMSWMTS Save As Layer Definition File. @ Add WS Layer.
v @ Xz
@ wes - 1 Remove Layer/Group CtrlsD Add WFS Layer...
. e Add ArcGIS FeatureServer Layer.
T WFs Duplicate Layer(s
) ows Set Scale Visibility of Layer(s

& ArcGisMapSenve  coy g of Layer(s Ctrl+Shift+C
&) ArcGisFestureSe
GeoNode Set Project CRS from Layer
Layer Properties...
Filter.. Ctrl+F

Label

Shoi

©0 Show Allin Overview
Layers
.

1. Load data:

2 Hide All from Overview

Layer — Add Layer — Add Vector Layer.




Introduction and Demo

(@) Data Source Manager | Vector X
Source Type
o) File Directory Database Protocol: HTTP(S), doud, etc.
Encoding System -
Source
Delimited Text
Vector Dataset(s)
GeoPackage
SpatiaLite

PostgresQL
% Orecle

32
4 08

Virtual Layer

Close Add Help

Click on Source — [...]
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QGIS Introduction and Demo

cancel Open OGR Supported Vector Dataset(s)

O Recent ¢ fiizhukov Dropbox HKS ~Teaching API231 Problemsets PS0O1 Data

£} Home
@ od Yesterday
B ma_2020.geojson 31.3MB  GeoJSON geospatial data Yesterday

3 Downloads @ mi_2020.geojson 354MB  GeoJSON geospatial data Yesterday

[® Documents

1 Music
& Pictures

8 Videos
£ Dropbox

+ other Locations

All files

Navigate to folder with file, select mi_2020.geojson, click Open
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Raster
P
iS¢ Mesh

Point

Cloud

o Delimited
#* Text

GeoPackag|
GPS
. SpatiaLite
T, Postgresol

MS SQL
* Server

m Virtual

QGIS Introduction and Demo

Data Source Manager — Vector
Source Type
*® File Directory Database Protocol: HTTP(S), cloud, etc.
Encoding Automatic
Source
Vector Dataset(s) /home/zhukov/Dropbox/HKS/Teaching/API231/ProblemSets/PS01/Data/mi_2020.gecjson

v Options

Consult GeoJSON driver help page for detailed explanations on options
FLATTEN_NESTED_ATTRIBUTES | <Default>

NESTED_ATTRIBUTE_SEPARATOR

FEATURE_SERVER_PAGING <Default>
ARRAY_AS_STRING <Default>
DATE_AS_STRING <Default>
Otelp 9 add

Qclose

Click Add
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QGIS Introduction and Demo

titled Project — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
V) 87 5 D ONDD H Q v I CBy-
DeERRY 2P HPDL s ! e- 0 @
LAY % / = o R 2
Browser EE)
oegyY#eo
Favorites =
» 1 spatial Bookmarks
» [ Home
v/
@ Geopackage
7 spati i
Er)
Type to locate (Ct: 1legend entry removed. Coordinate | 45.58°-92.74° | Scale|1:2162219 ~ | @ Magnifier|100% ~| Rotation [0.0° +| VI Render @®EPSG4326 @

You should see a map of Michigan's electoral precincts
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QGIS Introduction and Demo

R Problem Set

*Untitled Project

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= ™ s D O " (T o
T EEREYE OB PHPL e ] 2]

V. /2 w B =y o @ e~ H

Browser Identify Results o8|
s R < ]
Favorites Feature Value
» " spatial Bookmarks i_2020
» [ Home
» » (Derived)
@ GeoPackage ' :f;gnccﬁc)no WP-161-03000-05001
, -161- ¥
£ spatiatite COUNTYFIPS 161

cousubname  Ann Arbor city

elexpre 161-ANN ARBOR CITY-5-0001
G20PRERTRU 73
G20PREDBID 855

Layers

G20USSTWIL 2
VOTESHARE  7.790821771611527

Mode | Current Layer -

dentifying done. Coordinate | 422647°837601° |95 scale[123701  ~ | @ Magnifier 100% 2| Rotation [00° 2| ViRender @epscazs @

You can explore the vote tallies in each precinct by using the Identify Features

tool (looks like an “/" in a circle). Using this tool, click on any polygon.
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QGIS Introduction and Demo

DEBER 1 2 12 @6 --B-GEE S
RQV:AREB 4 =

Browser o8

1RTH : =

¥
¥

DB2
@ WSS

Layers Cr)
CBOTE-BAT
|0 i gepmereron

Zoom to Selecti

2 Show in Overview
Show Feature Count
Copy Layer
Repame Layer

L] Duplcate Loyer

1 Remove Layer.
Open Atrbute Toble
Toggle Edting

Pote 51794508 W Scoe 1265771 | @ Maonfr 100% 5 Romston [0.0° Y Render @ Escians

§ Sove Layer Edits
# Cunentds

Set Layer Scale Viiilty.

sacrs
Eiport
Styles

2. Color precincts by vote share:
right-click on layer's name (mi_2020), select Properties. ..
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QGIS Introduction and Demo

No Symbols
Single Symbol

Categorized

@ nformation

a Graduat
& source Rule-based
& symbology B Merged Features
O inverted Polygons

€3 Labels
€D Masks Embedded Symbols
7 30 View Opacity 1000% |- €
'I Diagrams Unit Millimeters .
. Fields Favorites Y
- Attributes Default

Form

Joins
ﬁ Auxiliary
Storage

o@ Actions gradient plasma aray 3fil hashed black/ hashed black\

@ Display

& Rendering
hashed black X outline blue outline green outline red

7

Z

7
7

[]

&8 Temporal

Variables

o] Elevation save symbol... | | Advanced *

mMetadala
» Layer Rendering
T Dependencies ST Style - @Apply || Ocancel |[ @0k |

Select Symbology type — Graduated
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QGIS Introduction and Demo

Layer Properties — mi_2020 — Symbology
= Graduated -

@ mnformation LI

2 G20PRELJOR
2 G20PREGHAW
2 G20PRENDEL
2 G20PRETBLA I

symbol e
1.
1.
1.
1.2 G20USSRJIAM
1.
1.
1.
1.

AR source
Legend format
& symbology

Color ramp
€ Labels

€BD Masks

Classes | His|
2 G20USSDPET

2 G20USSGSQU
2 G20USSNDER
7, Diagrams 2 G20USSTWIL

VOTESHARE -
i ricos
- Attributes
Form
Joins.
ﬂ Auxiliary
Storage
O@ Actions
- Display
& Rendering

€8 remporal

Variables

symbol = valy
7 3D View

Mode | £ Equal Count (Quantile) ~ Classes |5 2
Classify || | = | Delete All Advanced *
21 Elevation
VI Link class boundaries
B/ Metadata
b Layer Rendering

TR Dependencies YN style - ©rpply || Ocancel |[ @ok |

Set graphical parameters (select variable)
Value — VOTESHARE (percent Trump)
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QGIS Introduction and Demo

Layer Properties — mi_2020 — Symbology

= Graduated

1 Blues e
@ information  [EAVEINS 1.2 VOTESHARE 188G -1[e
1 5uGn —
33 source symbol o
Legend format | %1 - %2 o siond |2 VI Trim
«¢ symbology B cividis
p—— Color ramp 1 GnBu [E— g
Label Classes | hig  Invert Color Ramp 1 Greens
€D Masks - . Random Color Ramp M Greys
symbol ~ Val{
..‘ i ) 1 Blues I inferno
- I cividis I Magma
My (BIEETS 1 Greens B Mako
B Fiets A creys 1orRd
Magma Oranges
Attributes I Mag 1 orang
= ol B Mako I 1PRGn
S I 1 rday | 1PivG
- 1 Reds I plasma
& Aty B Rocket 1 Pusu
® Act I | spectral 1 PuBuGn
ctions
o B Turbo 11 puor
@ Display B viridis 1 Purd
& Rendering All Color Ramps
Create New Color Ram
4% Temporal = Edit Color Ramp... -
G Mode | fi# Equal Save Color Ramp... Classes |5 <
a Classify || & [[=]] Delete All I | RdviBu Advanced -
8 Elevation
= v Link class boundaries F1rdvicn
B vetadata 1 Reds
» Layer Rendering B Rocket
T Dependencies SRRV I 1 spectral ancel |[ @0k |

Set graphical parameters (select colors):
Color ramp — All Color Ramps — RdBu

Yuri M. Zhukov



QGIS Introduction and Demo

Layer Properties — mi_2020 — Symbology

= Graduated -

@ information  [EREINS 12 VOTESHARE -1le
4 souce Symbol B
Legend format |%1 - %2 Precisiond |2| ¥/ Trim
& symbology
Colorramp | N . -
5 fabel
PEWS S Invert Color Ramp
Masks Random Color Ramp
&0 Mask dom Col
symbol + valy T
7 3D View ues
- I cividis
", Diagrams 1 Greens
i ricos A Greys
Magma
g Attributes I mag
Form B Mako
Joins I1rdcy
0 1l Reds
e Auxiliary
@l torage I Rocket
o) I | spectral
e Actions
1 Turbo
® oisplay I viridis
& Rendering All Color Ramps. »
Create New Color Ramp...
£ Temporal Fe— Edit Color Ramp...
e B
Varisbles Mode qual e Color Ramp... Classes |5
Classify || # |[[=]] Delete All Advanced *
£l Etevation
V) Link class boundaries
B/ Metadata
» Layer Rendering
& Dependencies _| @Help style - ©rpply || Ocancel |[ @ok |

Set graphical parameters (select colors):
Color ramp — Invert Color Ramps (flip blue and red)
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QGIS Introduction and Demo

) information Symbol Settles

W s

&
| simpleFil | PPrecision 4
[ | —

@3 Labels

symbol layer type simple Fill
Fill color . | <
Fill style [ solid K=t
stroke color (NN - =
Stroke style ~ |
Join style f MKES
: \
Offset s v | &
y
— -
. Enable symb : e S
] Advanced -
@Help neel |[ @ok |
HOEEE
> Layerkenderln; Copy Color
= @Help Style @~Apply || ©cancel

Set graphical parameters (make borders transparent):
Symbol — Simple fill — Stroke color — Transparent stroke
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QGIS Introduction and Demo

Layer Properties — mi_2020 — Symbology

= Graduated -

@ information  [EAVEINS 1.2 VOTESHARE -
3 source symbol =

Legend format %1 -%2 >recision (€1 || IV Trim
& symbology

Colorramp | NN I -
€3 Labels

Classes | Histogram

€EB Masks

symbol_~ values Legend
N ELCY | 0.00-2000 0-20

v 20.00-40.00 20-40
v 40.00-60.00 40-60
v 60.00-80.00 60-80
vl 80.00- 100.00 80 - 100

-

. Diagrams

B Fiets

- Attributes
Form

« 4 Joins

ﬁ Auxiliary
Storage

B Actions

® Display

& Renderi
(R=rcerng, 8¢ Equal Count (Quantile)

4% Temporal (WY & Equalinterval Classes |5 &

Fixed Interval

Variables
Logarithmic Scale iaee—iE
o Etevation Natural Breaks (Jenks)
Bl Metadats Pretty Breaks
\#/ standard Deviation
T Dependencies YR aEETr @apply || Ocancel [ @0k |

Set graphical parameters (select interval type):
Mode — Equal interval
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QGIS Introduction and Demo

Layer Properties — mi_2020 — Symbology
= Graduated -
@ information  [EAVEINS 1.2 VOTESHARE -]
3 source symbol B
Legend format | %1 - %2 >recision ( < Trim
& symbology
Colorramp | I I -
€3 Labels
Classes | Histogram
€EB Masks
symbol ~ Values Legend
N ELCY | 0.00-16.67 0-17
. v 16.67-3333 17-33
" Diagrams v 3333-50.00 33-50
v 50.00-66.67 50-67
B Fiets v 66.67-8333 67-83
v/l  83.33-10000 83-100
g Attributes
Form
« 4 Joins
ﬁ Auxiliary
Storage
B Actions
® Display Mode | 2 Equal Interval = Classes [5 =
v ¥/ Symmetric Classification
4 Rendering
Around [50.00] -
4% Temporal
Create class astride symmetry value
Variables
Classify | & || = Delete All Advanced -

W Elevation
V! Link class boundaries
BJ Metadata

b Layer Rendering

T Dependencies IS YRR EE .

@apply || @cancel |[ @0k |

Set graphical parameters (center intervals at 50%):
Symmetric classification — Around = 50.0.
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@ nformation
38 source
& symbology
@ Labels
€D Masks
7 30 View
-
| Diagrams
B rieus
- Attributes
Form
« 4 Joins
9© Actions
@ Display

4

&8 Temporal

Variables

Auxiliary
Storage

Rendering

o] Elevation
m Metadata

M pependencies

Click Classify, then OK.

QGIS

Introduction and Demo

Layer Properties — mi_2020 — Symbology
= Graduated
Value 1.2 VOTESHARE

symbol

Legend format %1 - %2
[

Histogram

>recision (
Color ramp
Classes

Symbol + Values

vl 0.00-16.67

v 16.67-33.33
v 33.33-50.00 33-

v 50.00-66.67 50-

v 66.67-83.33 67-83
vl 83.33-100.00 83 -

Legend
0-17
17-

Mode | Equal Interval -
v v/ Symmetric Classification
Around |50.00

Create class astride symmetry value

[ classify || 4 ||=|| Delete all

V! Link class boundaries

» Layer Rendering

@Help || Style - ©rpply || @ cancel

Classes |5 e

I ¥ Trim

Advanced -

©ok




QGIS Introduction and Demo

“Untitled Project

Project Edit View

L Settings Plug
DEBRR® Oe L2 PP M 4
ROV, ZMEBD

Vector Raster Database Wi

Browser CE
JReTR
Favorites 5
» 1 spatial Bookmarks
» [6) Home
@ GeoPackage
/' spatiaLite

Layers )

2020
vlo-17
vIl7-33
v 33-50
v s0-67
v/l 67-83
v/l 83-100

1legend entry removed. Coordinate | 4629°9247° | ¥ Scale|12162219 - | @ Magnifier | 100% 2| Rotation |0.0° 3| VRender ®epscanze @

The precincts should now be colored on a blue - red gradient.
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New
New from Template
Open.

Open From

| Open Recent
Close
save

3 Save As.
save To

Properties.

Snapping Options...

Import/Export

New Print Layout.

New Report...

% Layout Manager.
Layouts

Models
Exit QGIS

Introduction and Demo

ctrlsN (&) ) (N o~

cerleo = QS

Ctrlss
Ctrlsshiftss

Crrlsshiftsp

Crl+P

ctrl+Q

Coordinate| 4629°:9247° | ¥ saale|1:2162219  ~ | @ Magnifier| 100%

3. Save the map as an image
Project — New Print Layout...

Rotation

00°

V| Render

@ epsGa3zs

@




QGIS Introduction and Demo

Create Print Layout X

Enter a unique print layout title
(a title will be automatically generated if left empty)

Imap 1| |

@ Help @ cancel | Qok |

Name the print layout “Map 1"

Yuri M. Zhukov API-231 / GIS-PubPol / 01



Introduction and Demo

Layout Edit View Items PRI Atlas_Settings

| % Add 30 Map -
p 1] = Add picture il
B | 5 Adg Label T8 B T B T BB B R B0 B s | o istory
Add Dynamic Text » tems o8
Add Legend ® & tem

-5 Add Scale Bar
s Add North Arrow

Add Shape »
Add Marker

Add Arrow

Add Node Item »
% Add HTML

; Add Attribute Table

; Add Fixed Table

Layout | Item Properties _Guides
Layout ag
v General settings

Reference map -

¥ Guides and Grid
Grid spacing
10.00 2/ [mm -
Grid offset
X000
¥:000
Snap tolerance

5px B

x44mm  yomm page: 1 618% -«

Add map:
Add item — Add map




QGIS Introduction and Demo

Layout Edit View Jtems Additem Atlas Settings
BRLOERER B ekEly

® O I

v Bk 00 | tems | undo History
Items,

100 120 T oo 20 20

u u)

&  tem
v Map 1

Layout | Item Properties  Guides
Layout

% v General Settings
Reference map | £1Map 1 -

v Guides and Grid
o Grid spacing

o 10.00 </[mm
Grid offset
x0.00
:000
Snap tolerance

AET™ B

x:291.61mm y:202.214mm page: 1 61.8%

Add map:
use mouse (click and drag) to place map on layout
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QGIS Introduction and Demo

*Map 1
ems JLelel] Atlas settings
Add Map
- Add 3D Map
om T~ d |
PHC Add picture L
o L | 5 Add Lot T e e P e P P B B B0, % s | oo vitany
N . Add Dynamic Text , B e 28
j1e Add Legend ° & tem
N Add Scale Bar & Map1
J Add North Arrow
@
- Add shape g
P2 Add Marker
Add Arrow
Add Node Item ,
% Add HTML
; Add Attribute Table
; Add Fixed Table L]
u] g Layout | Item Properties  Guides.
Layout o®
% v General settings
Reference map | [1Map 1 -
v Guides and Grid
o Grid spacing
e 10.00 </ | mm >
Grid offset
X.0.00 P
mm -
¥:0.00 P
Snap tolerance
LT [sex 2
xg0mm  yomm page: 1 61.8% -]«

Add legend:
Add item — Add legend




Layout Edit View Jtems Additem Atlas Settings

B GLRER ekl
BT RBCO KSR E
e o [

| mi_2020
|- o-17
17-33

1 item selected

Add legend:

QGIS

Introduction and Demo

*Map 1

120 a0 I 5

X:51.4102mm y: 112.817 mm page: 1

1) | ltems

Undo History
Items
&  item
v i~ <Legend>
v Map 1
Layout

Item Properties | Guides
Layout

v General Settings

Reference map | [ Map 1

v Guides and Grid
Grid spacing
10.00 2/[mm

Grid offset

x0.00 B

~ |mm

:000

Snap tolerance

spx

61.8%

a legend should appear, with subtitle mi_2020

Yuri M. Zhukov API-231
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Layout Edit View Items Addltem Atlas Settings

o

I LR

Jeo

R o

e G B

)

Trump's 2020 vote share (%)
mi_2020
- 0-17
o 17-33
33-50
50-67

67-83

b

1 item selected

Add legend (change legend title):
Item Properties — Title

QGIS

160

Yuri M. Zhukov
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e B B B B B | items | undo istory
" items
& tem
v i Trump's 2020 vote share (...
v Map 1
Layout | Item Properties | Guides

Item Properties
Legend

v Main Properties

Title frump's 2020 vote share (%)| <L
map Map 1 -
. Wrap text on
s
Arrangement | i symbols on Left -

V! Resize to fit contents.
v Legend items

V! Auto update

x:311.032mm y:15623mm _page: 1 61.8% -]«

“Trump’s 2020 vote share (%)"
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Layout _ Edit tems RIS Atlas _Settings

Q& Add Map
= Add 3D Map
® 53 g |
PR Add picture |
oo B | Add abel T
Add Dynamic Text »
Add Legend

s Add North Arrow
Add Shape »
Add Marker
Add Arrow

7 Add Node ltem >

%, Add HTML
; Add Attribute Table
; Add Fixed Table

.
ote share (%)

Introduction and Demo

QGIS

*Map 1

i 180

Z

0 o 280

x47mm  yomm

1), | ttems | Undo History
" ltems
® @ tem
v £ Trump's 2020 vote share (...
v
Layout | Item Properties | Guides

Item Properties
Legend

v Main Properties

Title [rump's 2020 vote share
Map Map 1
Wrap text on

Arrangement | #symbols on Left

V! Resize to it contents.
v Legend ltems
V! Auto update

page: 1

Add scale bar:
Add item — Add scale bar




QGIS

Introduction and Demo

“Map 1
Layout Edit w jtems Additem Atlas Settings
B0 ek A
BB E SR, EL
D 0o I e e D i e R R e B B e B0 L o [ R s e
tems ®
& item
v - <Scalebar>
v Trump's 2020 vote share (.
v Map 1
(]
Layout | Item Properties | Guides
Item Properties T
-2 Scalebar
Trump's 2020 vote share (%) v Main Properties
mi_2020 Map [Emap1 -
o7
1733 X Style | single Box -
33-50 i v units
50-67 -
67-83 Scalebar units. Kilometers
83-100
- Label unit multiplier 1.000000 g
Label for units. km
Number format Customize
1item selected x:254.766 mm y: 37.7008 mm page: 1 61.8% -«

a scale bar should appear, units are metric by default
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QGIS

Introduction and Demo

Add scale bar (change units to miles):

Item Properties — Units — Scalebar units = “Miles”

Yuri M. Zhukov API-231 / GIS-PubPol

Layout Edit View ltems Additem Atlas Settings
CRER R ek A
PSS BA; 1 B bt @]
cnneeel e e e B i i N e e B e e e T T T [ i
Items
® & tem
v -- <scalebar>
v £ Trump's 2020 vote share
v Map 1
L]
Layout | Item Properties | Guides
Item Properties
- Scalebar
Trump's 2020 vote share (%) v Main Properties
mi_2020 Map | Map 1
.o-17
P Y style [single Box
. Map units
33-50 5t . ap units
50-67 - Meters
67-83 £ Scalebar units Kilometers
83-100
- Label unit multiplier | Feet
’
Label for units
| Numberformat  Fnatical Miles
Es s Centimeters
1item selected X:254.766 mm y: 37.7008 mm page: 1 61.8%  Millimeters




QGIS
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Edit_view [tems Additem Atlas _settings
Save Project curlss Ry
New Layout.. ctrlen o
Duplicate Layout. . bt ML
@ Delete Layout. T RO o 1 P o B0 P00, | items | undo istory
4 Layout Manager... " ltems
Layouts , ® & tem
Layout Properties. M ;7 sScalebar>
. P o 50" 100 mir| v Trump's 2020 vote share (.
Rename Layout. [ — ] v Map 1
Add Pages | 0 d
Add Items from Template
3 Save as Template.
Export as Image.
s Export as SVG...
s Export as PDF.. a
Printer Page Setup... Curlsshiftsp
@ print... curlep
close ctrlsQ
Layout | Item Properties | Guides
Item Properties
- Scalebar
Trump's 2020 vote share (%) v Main Properties
mi_2020 Map |FMap1
o017 .
P d style [single Box
33-50 .
v units
50-67 _—
67-83 Scalebar units wiles
83-100
- Label unit multiplier | 1.000000
Label for units mi
Number format Customize
x99mm  yomm page: 1 61.8% -]«

Save image to file:
Layout — Export as image. ..
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QGIS

cancel Name | mi_2020_voteshare.png|

it Home ¢ (Gizhukov Dropbox HKS Teaching  API231
[ Documents Name

8 Downloads

1 Music

& Pictures

8 Videos
£ Dropbox

+ other Locations

Select folder, name the file mi_2020_voteshare.png, click Save

Yuri M. Zhukov
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Problemsets  PSO1  Output
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QGIS Introduction and Demo
Image Export Options x

w Export Options

D

Export resolution | 300 dpi

Page width 3507 px

Page height 2480 px
v| Enable antialiasing

Generate world file

v Crop to Content

@Help Ocancel | T save

Accept default settings, click Save
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mi_2020_voteshare.png

Trump's 2020 vote share (%)
mi_2020 i
W o-17

17-33

33-50 G
50-67 - -
67-83 *
I 83-100

The image file should look something like this. Not pretty, but it's the first pancake.
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Untitled Project

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

] BR[OS LLAPF pel LPOR K-8 -5 =N
BQV.ZRBD / / - = e m
K
s os
ieT®
Favorites 5
» I* spatial Bookmarks
" @ nome

=y
@ GeoPackage
7 spal

Layers a®
A2 e

v
v

v/ 192 Show in Overview

v/ ¢ Show Feature Count
Y/ B8 € a show Labels

v Copy Layer

Rename Layer .

) Duplicate Layer

Filter. .
Change Data Source...

Set Layer Scale Visibility...
Layer CRS ’
Export ’
styles ’

7 Add Layer Notes... Coordinate| 468,9276' | Scale 12162215 |~ | @ Magnifier| 100% || Rotation |00° 2| ViRender ®Epsazzs @

4. Create new variable: vote margin (percent Trump — percent Biden)
Right click mi_2020 layer — Open attribute table
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mi_2020 — Features Total: 4751, Filtered: 4751, Selected: 0

) & ET LY v & @
PRECINCTID COUNTYFIPS cousubname | elexpre [Open field calculator (Ctrl+)} G20PRENDEL G20PRETBLA G20USSRJAM G20USSDPET G20USSGSQU G20USSNDER G20USSTWIL VOTESHARE *

1 |WP-001-01... | 001 Alcona tow... 001-ALCO. 564 248 3 2 0 2 539 267 4 2 3 68.864468

2 |wp-001-12... 001 Caledoniat... 001-CALED. 508 25 4 0 o o a8s 261 1 ) 4 67.107001

3 |WP-001-19... 001 Curtis town.... 001-CURTI. 486 238 2 1 0 1 456 240 5 4 10 66.758241...

4 |WP-001-34... 001 Greenbush ... 001-GREEN.. 560 302 B 1 o 1 531 322 4 5 6 64.146620..

5 |WP-001-35... 001 Gustin tow... 001-GUSTI 317 112 B ) 0 o 306 122 1 0 6 72.374429.

6 |WP-001-36... 001 Harrisville ... | 001-HARRI... 136 127 2 2 0 1 137 127 1 1 2 50.746268.

7 |WP-001-36... 001 Harrisville t... 001-HARRI s82 241 s 1 o 3 s62 253 1 1 3 69951923

8 |WP-001-37... 001 Hawes tow... 001-HAWE.. 508 199 7 0 o 1 486 213 4 1 5 71.048951...

5 |WP-001-37... 001 Haynesto... | 001-HAYNE. 366 167 2 2 o 1 361 17 3 0 1 68.029739...

10 |WP-001-53... 001 Mikado to...  001-MIKAD. 421 122 5 1 0 o 382 147 5 0 6 76.684881

11 |WP-001-54... 001 Millen tow...  001-MILLE... 184 80 1 1 0 1 165 95 3 1 2 68.913857.

12 |WP-001-54... 001 Mitchellto... 001-MITCH. 216 61 1 0 o 1 204 66 2 ) 2 77.419354

13 |WP-003-04... 003 AuTrain to... 003-AUTR. 472 264 7 0 0 2 419 260 1 0 3 63.355704...

14 |WP-003-11... 003 Burt towns... 003-BURT . 198 149 3 1 o o 196 150 1 o 5 56.410256.

15 |WP-003-33... 003 Grand Islan... 003-GRAN. 17 13/ o 0 o o 15 14 o 0 0 56.666666.

16 |WP-003-47... 003 Limestone ... 003-LIMES.. 148 109 1 1 1 o 147 109 2 1 1. 56.923076... -

Show Al Features .

On top of spreadsheet, click Open field calculator button

Yuri M. Zhukov API-231 / GIS-PubPol



QGIS Introduction and Demo

mi_2020 ield calculator

V. Create a new field Update existing field
Create virtual field

Output field name VOTEMARGIN

Output field type | *2 Decimal number (real)  ~

output field length |10 2| Precision 3 S

Expression | Function Editor

XK Show Help
I feature 2
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals.
Conversions

=+ AE R UNLOD ) Date and Time
= Fields and V...
Feature |s township ~ » Files and Paths.
Preview: Fuzzy Matchi... .
o ‘You are editing information on this layer but the layer is currently not in edit mode.

I you click OK, edit mode will automatically be turned on.

@Help O cancel

- Create New Field — Output field name = VOTEMARGIN
- Output field type = "“Decimal number (real)”

Yuri M. Zhukov




QGIS Introduction and Demo

mi_2020 ield Calculator

V. Create a new field Update existing field
Create virtual field

Output field name VOTEMARGIN

Output field type | 1.2 Decimal number (real)  ~

Output field length 10 < Precision 3 <

Expression | Function Editor

show Help
feature z
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals.
Conversions
Date and Time
Fields and V...
Files and Paths
Fuzzy Matchi... _

Feature s township)
Preview: 51.61290322580645

You are editing infermation on this layer but the layer is currently not in edit mode.
IF you click OK, edit mode will automatically be turned on.

@Help ©cancel ||

Expression: (G20PRERTRU-G20PREDBID) / (G20PRERTRU+G20PREDBID) *100
Click 0K
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Layer Properties — mi_2020 — Symbology

= Graduated -

@ information [EAEITS 1.2 VOTEMARGIN 4B
3 source symbol g

Legend format %1 - %2 >recision (41 |2| VI Trim
& symbology

colorramp | IS . -
€ Labels

Classes | Histogram
€BD Masks

symbol = Values Legend
7 30View vl -100.00 - -66.67 -100 --67
. v -66.67--3333 -67--33
" Diagrams v 33.33-000 -33-0

v 000-3333  0-33
i Ficos v 3333-6667 33-67

vl  6667-10000 67-100

- Attributes

Form

= 1 Joins

) Aoy
Storage

g© Actions

® Display Mode | £ Equal Interval - Classes [6 -

< rend v v/ symmetric Classification
4 Rendering

& remporal

Variables

Around | 0.00 -

Create class astride symmetry value

[ classify |[# |/ =] eleteall Advanced -
£l Elevation —
v/ Link class boundaries
Bl metadata
» Layer Rendering

ﬂnependenaes @Help style - @Apply || Ocancel || @ok

Repeat the same steps as before:
Color precincts by vote margin, symmetric classification Around = 0.00
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ml_2020_votemargin.png

Trump 2020 vote margin (%)
mi_2020
I -100--67 4

-67--33

-33-0 VY

0-33 " =
33-67 E Yo
I 67-100 :

Repeat the same steps as before:
Save map as image (mi_2020_votemargin.png)
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»

Trump's 2020 vote margin (%)
ma_2020 i N

I -100--146 —) *
-146--7.3
-73-0
0-73 -
7.3-146 o

. 146-219

b

Figure 3: Can you make this map?

Your assignment (if using QGIS):
create the same kind of map for Massachusetts, using dataset ma_2020.geojson

- precincts colored by VOTEMARGIN (new variable)
- name the file ma_2020_votemargin.png
- upload map to Canvas (by next Wednesday)
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Quick introduction to R

R is a programming language, which means you need to type commands,
rather than pointing-and-clicking (unlike QGIS)

R scripts are plain text files with extension .R
- to create a new script in RStudio, go to
File menu — New File — R Script
- ...or open an existing script with File — Open File...
save your script with File — Save or File — Save As...
(remember to save it with extension “R")

The advantage of running scripts is that
- it's faster (once you get the hang of it),
- more efficient, and
- you get the same result every time
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To run a single line of code, type a command, place your cursor at the line
and hit Ctrl+Enter (Windows, Linux) or Command+Enter (MacOS)

print ("Hello world!")
## [1] "Hello world!"

Let's try some arithmetic
2+2

## [1] 4

2-2

## [1] O

2%2

## [1] 4

2/2

## [1] 1
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Basic syntax

To create a vector, we use
- assignment operators = or <-
- grouping operator c()

x = c(1,2,3,4,5)

X

## [1]1 1 2 3 45

x <- ¢(1,2,3,4,5) # Equivalent to above

X

## [1] 1 23 45
y =x"2

y

## [1] 1 4 9 16 25
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Basic syntax (cont'd)

Combine vectors into a dataset with the data.frame() command

my_dataset = data.frame(x=x,y=y)
summary (my_dataset)

## X y

## Min. 01 Min. 1
## 1st Qu.:2 1st Qu.: 4
## Median :3 Median : 9
## Mean :3 Mean :11
## 3rd Qu.:4 3rd Qu.:16
## Max. :5 Max. :25
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Basic plotting

Create a basic scatterplot with the plot () function

plot(x,y)
— (@)
o _|
N
| (@)
>
o _|
— (@]
L o
@]

Yuri M. Zhukov API-231 / GIS-PubPol / 01



Introduction and Demo
R

Getting help

To access the help file for any function, type 7 before the function’'s name
7c

?data.frame

?summary

7plot

There is also an abundance of online help forums for R users:
- stackoverflow.com
- stats.stackexchange.com
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Loading external packages

For this exercise, we will need two external packages:
- sf ("simple features", to handle spatial vector data)
- PlotTools (to customize plot legends)

We install packages with install.packages() and load them with library()

install.packages("sf") # (first time only)

install.packages("PlotTools") # (first time only)
library(sf)

library(PlotTools)
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Setting working directory

We should always set a working directory, using the setwd () function.
The working directory is a folder on your hard drive, where you stored the data
for this exercise, and where you'll be saving maps.

You can find the path of a folder through Right-click — Get Info (MacOS)
or Right-click — Properties (Windows).

On MacOS and Linux:
setwd("/home/username/Documents/API231")
On Windows:

setwd("C:/Documents/API231")

To find out your current working directory:

getwd ()
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Loading spatial vector data

Load the data through the read_sf () function from the sf package
mi_2020 = sf::read_sf(dsn = "Data/mi_2020.geojson")

Yuri M. Zhukov API-231 / GIS-PubPol / 01



Introduction and Demo
R

Let's take a look at the first 5 rows of mi_2020, using print (mi_2020,n=5)
print (mi_2020,n=5)

## Simple feature collection with 4751 features and 16 fields

## Geometry type: MULTIPOLYGON

## Dimension: Xy

## Bounding box: xmin: -90.41829 ymin: 41.69613 xmax: -82.41348 ymax: 48.26269
## Geodetic CRS: WGS 84

## # A tibble: 4,751 x 17

## PRECINCTID COUNTYFIPS cousubname elexpre G20PRERTRU G20PREDBID G20PRELJOR
## <chr> <chr> <chr> <chr> <dbl> <dbl> <dbl>
## 1 WP-001-01040-0~ 001 Alcona to~ 001-AL~ 564 248 3
## 2 WP-001-12460-0~ 001 Caledonia~ 001-CA~ 508 245 4
## 3 WP-001-19320-0~ 001 Curtis to~ 001-CU~ 486 238 2
## 4 WP-001-34820-0~ 001 Greenbush~ 001-GR~ 560 302 9
## 5 WP-001-35740-0~ 001 Gustin to~ 001-GU~ 317 112 9
## # i 4,746 more rows

## # i 10 more variables: G20PREGHAW <dbl>, G20PRENDEL <dbl>, G20PRETBLA <dbl>,

## #  G20USSRJAM <dbl>, G20USSDPET <dbl>, G20USSGSQU <dbl>, G20USSNDER <dbl>,

## #  G20USSTWIL <dbl>, VOTESHARE <dbl>, geometry <MULTIPOLYGON [°]>

This tells us:
- the object class (Simple feature collection)
- the object's geometry type (MULTIPOLYGON) and spatial extent
- its projection attributes (WGS 84)... more on this later
- and a preview of the attribute table (A tibble: 4,751 x 17)

Yuri M. Zhukov API-231 / GIS-PubPol /



Introduction and Demo
R

Visualizing spatial vector data

Let's visualize the study region with plot (mi_2020["geometry"])
plot(mi_2020["geometry"])

[l

H
b

Now let’s plot some attributes. . .
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For a categorical variable (win/lose), visualization is simple. . .

1. Create a vector of colors, where each precinct Trump won is coded red and
every each precinct won by Biden is blue

cols = ifelse(mi_2020$G20PRERTRU>mi_2020$G20PREDBID, "red","blue")
plot(mi_2020["geometry"],col=cols)

2. Use the resulting color vector with the plot(col=...) command.

plot(mi_2020["geometry"],col=cols)
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Change the border’s thickness by changing 1wd parameter

plot(mi_2020["geometry"],col=cols,lwd=.1)
P
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Make border semi-transparent through alpha parameter in rgb
plot(mi_2020["geometry"],col=cols,lwd=.1,
border=rgb(red = 0,green = 0,blue = 0,alpha = .5))
b
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3. Add a map legend with legend() command

legend(
x = "bottomleft",
title = "2020 Election Results",
fill = c("red","blue"),
legend =c("Trump win","Biden win")

2020 Election Results

B Trump win
B Biden win
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Visualizing a continuous variable (e.g. vote share) is a little more tricky.

A relatively simple approach is to accept the default color palette like this:

plot(mi_2020["VOTESHARE"])

60

i
20

= S T
Y e
[ e f 3
£ k.
S gl
P ; e 4
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Or we can create a custom color palette (e.g. a red - blue gradient).

1. Let's set the number of breaks (e.g. 100)
breaks = seq(0,100,by=1)
2. Create an RGB color ramp for the VOTESHARE variable

ramp = findInterval (mi_2020$VOTESHARE, breaks)
cols = rgb(ramp/length(breaks),0, (length(breaks)-ramp)/length(breaks))

3. Use this vector of colors in the plot(col=...) command
plot (mi_2020["VOTESHARE"],col=cols)
Ve
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Add a title to the plot, with main parameter

plot(mi_2020["VOTESHARE"],col=cols,

main="Michigan 2020 Presidential Election Results")
Michigan 2020 Presidential Election Results
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Add a gradient legend, with the SpectrumLegend command from PlotTools

PlotTools: : SpectrumLegend (
x = "bottomleft", title = "Donald Trump's\n vote share (%)",
palette = rgb(red=(100:0)/100,green=0,blue=(0:100)/100),
legend = seq(0,100,by=20), lwd = 10

)

Michigan 2020 Presidential Election Results

-

Donald Trump's
vote share (%)
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Creating a new variable in R is quite simple

mi_2020$VOTEMARGIN = 100*(mi_2020$G20PRERTRU-mi_2020$G20PREDBID) /
(mi_2020$G20PRERTRU+mi_2020$G20PREDBID)

where
- mi_2020 is the dataset, and $ calls variables within it
- to the left of the = sign is the new variable you want to create
- to the right of = is an expression, specifying the calculation you want to make:

L . Trump—Biden
Vote Margin = 100 TrumpT Biden
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To plot VOTEMARGIN, we can follow the same procedure as before, just modifying
the color breaks and legend to reflect the new range of this variable

breaks = seq(-100,100,by=1)

PlotTools: :SpectrumLegend(..., legend = seq(-100,100,by=25), ...)
Michigan 2020 Presidential Election Results

e

Donald Trump's
vote share (%)
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-75
-50
-25
0

25
50
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100
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To export your map as an image file, use the png() command
(or pdf O, jpeg(), tiff () for other file formats)
png(filename="0utput/mi_2020_votemargin_r.png",width=6,height=6,units="in",res=150)
par (mar=c(0,0,0,0))
plot(mi_2020["VOTEMARGIN"],col=cols,lwd=.1,border=rgb(0,0,0,.1),
main="Michigan 2020 Presidential Election Results")
PlotTools: :SpectrumLegend(x = "bottomleft",title = "Donald Trump's\n vote margin ()",
palette = rgb(red=(100:0)/100,green=0,blue=(0:100)/100),
legend = seq(-100,100,by=20), lwd = 20, bty = "n")
dev.off ()
where
- the filename argument specifies the location (e.g. Output/) and name (e.g.
mi_2020_votemargin_r.png), in one string
- the width and height arguments specify the dimensions of the file
- units specifies the units of measurement (in = inches) and res specifies the
resolution (150 pixels per inch)
- dev.off () closes the graphics device
(everything between png() and dev.off () is printed to file)

Yuri M. Zhukov API-231 / GIS-PubPol / 01



Introduction and Demo
R

Michigan 2020 Presidential Election Results

The exported image should look like
this: —

Donald Trump's
vote margin (%)
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-25

0

25

50

75

100

Figure 4: mi_2020_votemargin_r.png
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Massachusetts 2020 Presidential Election Results

Your assignment (if using R):
create the same kind of map for
Massachusetts, using dataset
ma_2020.geojson
- precincts colored by
VOTEMARGIN (new variable)
- name the file
Donald Trump's

ma_2020_votemargin_r.png rld Tumpls
vote margin (%)
- upload map to Canvas -100 ,,:f‘.&
-75 - PN
(by next Wednesday) 50 : b
0
25
50
75
100

Figure 5: Can you make this map?
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