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Goal: integrate spatially-misaligned data

Electoral competitiveness and crime in DC Race and school performance in DC
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Figure 1. We'll make this Figure 2: You'll make this
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Scatterplots: plots displaying data as points, with one variable on the horizontal axis
and another on the vertical axis

Positive
correlation

As one variable increases
so does the other variable.

Negative
correlation

As one variable increases
the other variable decreases.

No _
correlation

There is no relationship
between the two variables.

Figure 3: Scatterplots are useful to
assess direction/strength of

correlations
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Overview of lab exercise and problem set

1. Lab exercise
a) Use areal interpolation to estimate per capita crime in DC electoral districts
b) Create a scatterplot of electoral competitiveness and per capita crime in DC
2. Problem set
a) Use areal interpolation to estimate racial makeup of DC school zones
b) Create a scatterplot of racial disparities in school performance in DC
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Use case: different data are collected for different spatial units
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Figure 5: Elections @ single-member districts Figure 6: Population counts @ census tracts
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Solution: change the support of the data — single member districts

Figure 7: Count crimes in SMDs Figure 8: Interpolate population to SMDs
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Analyze relationship between electoral competitiveness and per capita crime in SMDs

Electoral competitiveness and crime in DC

Crimes per 1000 residents (2024)
-

Top-1 competitiveness (2022)

Figure 9: Scatterplot
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The problem set will investigate a similar use case

Figure 10: Scores @ school attendance zones Figure 11: Demographics @ census tracts
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Solution: change the support of the data — school attendance zones

Race and school performance in DC

School performance (STAR scora)

Percent non-white papulation

Figure 12: Interpolate demographics to SAZs
Figure 13: Scatterplot
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Crimes per 1000 residents (2024)

You can make these plots in QGIS or in R. Instructions for both are below.

Electoral competitiveness and crime in DC
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Figure 14: Scatterplot 1 in R
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School performance (STAR scores)
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Figure 15: Scatterplot 2 in R




We have four (and a half) sources of data:

Category Type Format Data source

Single member districts Vector (polygon) .geojson DC OpenData
ACS DC Census Tract Vector (polygon) .geojson DC OpenData
Crime Incidents in 2024 Vector (point) .geojson DC OpenData
School Attendance Zones, Elementary ~ Vector (polygon) .geojson DC OpenData
+ School STAR Scores Table (non-spatial) .csv DC OpenData

These are all in the PSO7.zip file posted on Canvas.

Let's open QGIS. ..
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https://opendata.dc.gov/datasets/DCGIS::single-member-district-from-2023/about
https://opendata.dc.gov/search?collection=Dataset&q=acs%20tract
https://opendata.dc.gov/datasets/DCGIS::crime-incidents-in-2024/about
https://opendata.dc.gov/datasets/DCGIS::school-attendance-zones-elementary/about
https://opendata.dc.gov/datasets/DCGIS::school-star-scores/about

QGIS
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QGIS

Always save your progress!
Go to Project — Save As...

*Untitled Projec

ettings
ctrlen ) 52 . 2
New from Template e 78
Open.. ctrlso e
Open From , Y
| opengecent ,
Close
save Ctrlss
SaveTo ,
Properties. Ctrleshiftp
| snapping Options.
Import/Export »
New rint Layout ctrlep
New Report.
Layout Manager.
Layouts 4
Models ,
Exit QGIS Ctri+Q
T 1legend entry removed. Coordinate 6091189 % Scale 1:84388984 |~ | @ Magnifier 100% | Rotation |0.0° 2| v Render @ unknowncRs @
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QGIS Interpolation
R S

terplot

Interpolation
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QGIS Interpolation

Load the Single Member Districts file:
Layer — Add Layer — Add Vector Layer...

*labo7 — QGIS

Project Edit View |V settings Plugins Vector Raster Database Web Mesh Progessing Help

[ = B [ [} % Dsts Source Manager cerlat LIN® TP - g

Create Layer
e V. Z e ‘Add Vector Laye culshiftev oA [ 2]

Embed Layers and Groups B!, Add Raster Layer. CerlsshiftsR ®
Add from Layer Definition File... B Add Mesh Layer... 2

Bt £ Georeferencer. 9, Add Delimited Text Layer. CtrlsshiftsT

~ q ®, Add PostGs Layers... Ctrlsshift+D

/2 Add SpatiaLte Layer... CtrlsshiftsL

W Add MS SQL Server Layer.

Add SAP HANA Spatial Layer.

1 Add/Edit virtual Layer...

@ Add WMs/WMTS Layer. Ctrlsshiftsw
AddXYZ Layer...

@ Add WCs Layer...

7 Add WFS Layer.
& Add ArCGIS REST Server Layer...
B, Add Vector Tile Layer...
1 Remove Layer/Group ctrlsD #5 Add Point Cloud Layer.
£ Add GPX Layer...

oo Show All in Overview
% Hide All from Overview

Coordinate 39.0007°:77.1472° 95 Scale|1:79746 ~ | @ Magnifier 100% 2| Rotation [0.0° *|V Render @ePscasze @




QGIS Interpolation

Navigate to the SMD_2022.geojson file in the Data/Elections directory:

Data Source Manager | Vector

Source Type
e File ) Directory () Database () Protocol: HTTP(S), cloud, etc.
Raster
Encoding Automatic -
Mesh
©- Point Source
# Cloud
- Vector Dataset(s) |ukov/Dropbox/HKS/Teaching/API231/Problemsets/Ps07/Data /AT RN AFFA EOEa « |
 Delimited
* Text
v options
GeoPackag|
Consult GeoJSON driver help page for detailed on options.
GPS FLATTEN_NESTED_ATTRIBUTES | <Default> -
%, Spatiatite NESTED_ATTRIBUTE_SEPARATOR
(PMIEREY  reaTURE SERVER_PAGING <Default> -
. MSsQL ARRAY_AS_STRING <Default> -
*
server DATE_AS_STRING <Default> -
[/} Virtual
Features
wes
xvzZ
Vector
Tile
ArcGIS YR
ol | ©rer [ @add || @close
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QGIS Interpolation

The SMD_2022 layer should appear in you project window. These polygons are the
lowest-level electoral units in DC (DC has 8 Wards, 46 Advisory Neighborhood
Commissions, 345 SMDs)

+lab07 — QGIS. - o x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
DR UL RPRP A LUOR H-& & A E#* I E-m-
RRV:ZMBER /Y “=Qq= -R &l 2]
) ?®

Coordinate| 38.7956"76861° | % scale 179746~ | @ Magnifier| 100% 2| Rotation |00° 2|V Render @epsazze @
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QGIS Interpolation

Load the crime incidents vector data:
Navigate to the Crime_Incidents_in_2024.geojson file in Data/Crime

Data Source Manager — Vector S @
Source Type
e File ) Directory () Database () Protocol: HTTP(S), cloud, etc.
Raster
Encoding Automatic -
A% Mesh
+ Point Source
Cloud = = - = -
I Vector Dataset(s) pox/HKS/Teaching/API231/Problemsets/PS07/Data S M MR TOED « |
elimite
v options
GeoPackag|
Consult GeoJSON driver help page for detailed on options.
GPS FLATTEN_NESTED_ATTRIBUTES | <Default> -
SpatiaLite NESTED_ATTRIBUTE_SEPARATOR
PostgresQ FEATURE_SERVER_PAGING <Default> -
. MssQL ARRAY_AS_STRING <Default> -
server DATE_AS_STRING <Default> -
@ Virtual
@Help | ®add || @close

Zhukov



QGIS Interpolation

The Crime_Incidents_in_2024 layer should appear in the project window. These
are points, representing the locations of reported crimes

+lab07 — QGIS. 5 O ¢
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
PR o ® O 2o - Do -8 -E-0 @ E =
DoBRRY QeL2LRPP Y LUOR H-8-& B#E-=-
RRV:ZMER /Y QN R A 2]

Layers CE]
AT EG-RAD
- Crime Incidents_in_2024

v ] smp_z022

Coordinate| 38975772064 | scale 179746 |~ | @ Magnifier| 100% 2| Rotation |00° 2| ViRender @epscasze @
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QGIS Interpolation

The third set of data we need is the ACS_2020.geojson file in Data/ACS folder

Data Source Manager — Vector

Source Type
e File ) Directory () Database () Protocol: HTTP(S), cloud, etc.
Raster
Encoding Automatic -
Mesh
©- Point Source
# Cloud :
- Vector Dataset(s) | pb 1 R ACS/ACS_2020.geojsonRal|
 Delimited
* Text
v options
GeoPackag|
Consult GeoJSON driver help page for detailed on options.
GPS FLATTEN_NESTED_ATTRIBUTES | <Default> -
%, Spatiatite NESTED_ATTRIBUTE_SEPARATOR
(PMIEREY  reaTURE SERVER_PAGING <Default> -
. MSsQL ARRAY_AS_STRING <Default> -
*
server DATE_AS_STRING <Default> -
[/} Virtual
Features
wes
xvzZ
Vector
Tile
ArcGIS C®add |
R | Otel | ®@add || @close

Zhukov



QGIS Interpolation

This layer contains American Community Survey data on local demographics
(including population counts, which we need to estimate per capita crime). These
data are at the level of Census Tracts, the borders of which do not align with SMDs

“labo7 — QGls

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
SEY @ ® O % 2 7 () A T A 2o =

hea U@ ppHIE [} O W z i - |
BQV, /A WBED B |
Layers B®

“a=wT 310

v [ Acs 2020

v [ sMp, 2022

Coordinate| 38.909°-77.19° |9 Scale 1:79697 ~ | @ Magnifier| 100% + Rotation |00° 2|V Render @gpsGazzs @
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QGIS Interpolation

Our first order of business is to construct the area weights we will be using for
interpolation, starting with a; (area of destination polygons). Open the Attribute
Table for SMD_2022 (destination layer) and open the Field Calculator

SMD_2022 — Features Total: 345, Filtered: 345, Selected: 0

o & % T B 2E = am
SMDID  OBJECTID  ANC_ID WEB_URL NAME  [Open field calculator (Ctrl+) LAST NAME FIRST NAME ADDRESS WIDDLE_NAME SF APT zp*
1 |1m01 2932 1A http;//ancl... SMD1A01  DIETERLE... JASPALBH... BHATIA JASPAL 1468 HARV... NULL NULL APT# 42
2 |1A02 2922 1A http;//ancl... SMD1A02  DIETERLE... DIETERLE... MORALES  DIETER 3460 14TH ... LEHMANN  NULL APT# 49
3 1803 2931 1A http;//ancl... SMD1A03  DIETERLE... CARLO PERRI PERRI CARLO 1400 IRVIN... NULL mn APT# 315
4 1804 2918 1A http;//ancl... SMD1A04  DIETERLE... JEREMYSH... SHERMAN  JEREMY 1309 PARK ... NULL n UNIT# 001
5 1A05 2925 1A httpy//ancl... SMD1A05  DIETERLE... STEPHEN C... KENNY STEPHEN 1451 PARK ... COLEMAN mn APT# 216
6 1A06 2923 1A http;//anci... SMD1A06  DIETERLE... ANTHONY... THOMAS-D... ANTHONY 1390 KENY. 1L L L
7 1807 2917 1A http://ancl... SMD1A07  DIETERLE... MUKTAGH... GHORPADEY MUKTA 350113TH... NULL mn APT# 309
8 |1A08 2933 1A http://anci... SMD1A08  DIETERLE... DAVIDSEG... SEGALL DAVID 1333 EUCLI... NULL LL APT# 102
9 |1A09 2926 1A httpy//anci... SMD1A09  DIETERLE... JAMESA.T.. TURNER  JAMES 1236 GIRA... A. LL LL =
i v
show All Features _
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QGIS

Interpolation

Create a new field called smd_area of type Decimal number (real).
Set the Expression to $area
This will give us the area calculation for destination polygons (in square meters)

V! create a new field

Create virtual field

Output field name smd_area

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

output field length | 10 < Predision 3 =

Expression | Function Editor

3

il I A R
Feature  SMD 1A01 v >
Preview: 85605.95144037204

automatically be turned on.

OHelp

Field Calculator

Update existing field

Date and Time 2

Fields and Values

Files and Paths

Fuzzy Matching

General

Geometry
affine_transform
angle_at_vertex

agﬁlE dash Eattem

area
azimuth
boundary

Returns the area of the current
feature. The area calculated by this
function respects both the current
project’s ellipsoid setting and area
unit settings. For example, if an
ellipsoid has been set for the project
then the calculated area will be
ellipsoidal, and if no ellipsoid is set
then the calculated area will be
planimetric.

You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit mode will

Ocancel || @ok |
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QGIS Interpolation

The new field smd_area should appear in the Attribute Table for SMD_2022

345, selecte

%
=<

-
a

s SMD_ID = |=[ € [[me ~ || update All

IDate ElectionName :ontestNumbe ContestName WardNumber votes_1st votes_2nd  votes_cast voteshare_1stvoteshare_2nc votemargin »mpetitive_tof)mpetitive_tof smd_area

25 ANC-1A08... 1 352 1 363 96.969696... 3.0303030... 93.939393... 0.0606060... 0.0303030 81005.655 ~
v

1 22.. GeneralEle... 18 ANC- 1A01... 1 481 7 488 98.565573... 1.4344262... 97.131147... 0.0286885... 0.0143442 85605.951
2 22... GeneralEle... 19 ANC-1A02.... 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 0.0240384 90463.969
3 22... GeneralEle... 20 ANC-1A03... 1 291 8 299 97.324414... 2.6755852... 94.648829... 0.0535117... 0.0267558 65689.035
4 22... GeneralEle. 21 ANC-1A04... 1 505 15 520 97.11538: 2.8846153... 94.230769... 0.0576923... 0.0288461... 137899.862
5 22... GeneralEle... 22 ANC-1A05... 1 346 6 352 98.295454... 1.7045454... 96.590909... 0.0340909... 0.0170454 139006.208
6 22... GeneralEle... 23 ANC-1A06... 1 146 0 146 100 0 100 [ 0 114353210
7 22.. GeneralEle... 24 ANC-1A07... 1 498 18 516 96.511627... 3.4883720... 93.023255...  0.0697674... 0.0348837... 120606.540
8 22... GeneralEle

‘

show All Features
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QGIS Interpolation

Remember to save your layer edits after every operation like this! Right-click on
SMD_2022 — Save Layer Edits (simply entering Ctrl-S or Cmd-S will save the
project file, but not the underlying data layers we are editing)

*labo7 — QGls XX

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

DEBERR: Lo HPPF Q LIOR H-8-G- ¢
ROV, 2 RBD # ¢ @wa= @ B
2229 PET °

oom to Layer(s)

©2 Show in Overview
Show Feature Count

= show Labels
Copy Layer
Rename Layer

! Duplicate Layer

1 Remove Layer.
Move to Top
Open Attribute Table
Toggle Editing

# current Edits

Set Layer Scale Visibility...
Layer CRS

Export

styles

Add Layer Notes.
Properties.

Coordinate | 390001°77.2017* |9 scale[179746 |~ | @ Magnifier| 100% 2| Rotation [00° |V Render @epscuns @

Yuri M. Zhukov API-231 / GIS-PubPol / 13



QGIS Interpolation

Let's also calculate the area of source polygons (a;). Open the Field Calculator for
ACS_2020 and create a new field called tract_area of type Decimal number
(real). Set the Expression to $area

ACS_2020 — Field Calculator x

V! Create a new field Update existing field

Create virtual field

Output field name [tract_area

Output field type | -2 Decimal number (real)
output field length | 10 < Predision 3 =

Expression Function Editor
3

sarea feature <

geometry

id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly

Date and Time
Fields and Values
Files and Paths

= A LD Jhe

Feature |0 ~ >

Preview: 505004.7222671802

a You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit mode will
A automatically be turned on.

OHelp

Ocancel || @ok |
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QGIS Interpolation

Let's calculate the number of crimes in each SMD (the "nominator" of our future
interpolated variable).

Go to Vector menu — Analysis Tools — Count Points in Polygon. ..

*lab07 — QGIS

Project Edit View Layer Settings Pl Ma®l] Raster Database Web Mesh Progessing Help

™ BRRY @ 4 Geoprocessing Tools | LUOQ H-§ Y=
Geometry Tools ,

BRQV.ZRBA 4/ ‘Analysis Tools » | & Count Pointsin Polygon... [ 2
Research Tools » | Line Intersections...
Data Management Tools | £} Mean Coordinate(s)...

Layers B8

7 Nearest Neighbour Analysis...
#4 Sum Line Lengths...

£ Basic statistics for Fields..

I\ Distance Matrix...

v

Values...

® List

Coordinate | 389797°77.2044" | scale[179746 |~ | @ Magnifier| 100% 2| Rotation [00° |V Render @epscuns @
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QGIS Interpolation

Select SMD_2022 as the Polygons layer and Crime_Incidents_in_2024 as the
Points layer. Name the count field crimes_smd_2024 and save the output to a new

file called SMD_2022_2.geojson. Click Run

Count Points in Polygon

Perameters | Log ' Count points in
Polygons polygon
SMD_2022 [EPSG:4326] e % [

Points
Crime_Incidents_in_2024 [EPSG:4326] -

Weight field [optional]

Class field [optional]

Count field name

crimes_smd_2024
Count polygon
?1231/ProblemsSets/PS07/Output/SMD_2022_2.geojson .e)

v| Open output file after running algorithm

0%

@Help Advanced -|| Run as Batch Process... O close ‘

GIS-PubPol
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QGIS Interpolation

You may see a No spatial index... warning message in the log, but this won't
affect the calculation (only the processing speed). Just be patient and wait for the
algorithm to finish

Count Points in Polygon X

Parameters | Log 'cwntpointsin
d polygon

This algorithm takes a poin
and a polygon layer and ¢
the number of points from the
first one in each polygons of the
second one.

Algorithm starEed at: 2024*02'247;14 48:10
Algorithm 'Count points in polygon' starting...

A new polygo!
d

Input parameters: genera v

( *CLASSFIELD' : '', 'FIELD® conten ;themth:olvom
“crimes smd 2024', ‘OUTPUT' : '/home/zhukov/ layer, but contzining an additional
Dropbox/HKS/Teach1ng/AP123l/ProhlemSets/PSB?/ leldw th the points count
Output/SMD_2022 2.geojson', 'POINTS' : '/home/ corresponding to each polygon.
zhukov/Drcpbcx/HKS/Teachlng/AP1231/ProblemSets/ An optio t Fie
PS07/Data/Crime/

Crime Incidents in 2024.geojson’, 'POLYGONS' : t

' /home/zhukov/Dropbox/HKS/Teaching/API231/ will be the sum of the w
ProblemSets/PSO?/Data/E'Lectlons/ for each point contained by
SMD_2022.geojson', 'WEIGHT' : } polygon

Alternati
can be sp: a
ified based on the selected

cla
attribute, and if several points b
18% Cancel
@Help Advanced - Dclose

Yuri M. Zhukov GIS-PubPol




QGIS Interpolation

The newly-created SMD_2022_2 layer should appear in the project window. You can

hide the other two layers for now, if you like

*1ab07 — QGIS. X=X
Project Edi View Loyer Setings Plugns Vecgr faster Database Meb Mesh Progessing Help
o ™ _
: 4 O “8-R-0 @ E % B-=-6

ALURPP A 38 & D
=4 qa - @R "L’ 2]

5.

- | @ magnifier| 100% 2| Rotation |00°

Layers
YA TE-BAO
[ Acs_2020

SMD_2022 2

V' © Crime_Incidents_in_2024
v/ [#] sMp_2022

Coordinate | 38.7959' 763176 | Scale 175746 2|V Render @epsazze @

pe to locate (Ctrl+K)

/ GIS-PubPol / 13
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QGIS Interpolation

Check the Attribute Table for SMD_2022 2 to make sure the crimes_smd_2024
variable is there

45, Filtered: 345, Selectes

T E DL 3 @

te ElectionName ‘ontestNumbe ContestName WardNumber votes 1st  votes_2nd votes_cast voteshare_1istvoteshare_2nc_votemargin )mpetitive_topmpetitive_top smd_area crimes_smd_2024*
70 General Ele... 87 ANC-2E04... 2 4 o 4 100 o 100 o 0 180485.. 1
71 | GeneralEle... 88 ANC- 2E05... 2 261 17 278 93.884892... 6.1151079... 87.769784.. 0.1223021... 0.0611510... 180454 33
72 | GeneralEle... 89 ANC- 2E06... 2 576 14 590 97.627118... 2.3728813.. 95.254237.. 0.0474576.. 0.0237288... 407027. 1
73 General Ele... 90 ANC-2EOT7... 2 559 21 580 96.379310. 3.6206896. 92.758620... 0.0724137. 0.0362068... 794351.. 3
74 General Ele... 91 ANC-2EO8... 2 17 o 17 100 o 100 o 0 113952.. 3
75 | GeneralEle... 92 ANC-2FO1... 2 564 16 580 97.241379.. 2.7586206.. 94.482758.. 0.0551724.. 0.0275862... 174266. 40
76 |.. GeneralEle... 93 ANC-2F02... 2 534 19 553 96.564195... 3.4358047... 93.128390... 0.0687160... 0.0343580... 138109. 13
77 L. GeneralEle... 94 ANC-2F03... 2 90 0 90 100 [ 100 0 0/81919.9... 37
78 General Ele... 95 ANC-2F04... 2 426 9 435 97.931034. 2.0689655. 95.862068... 0.0413793. 0.0206896... 68863.6. 1~

Show All Features .
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QGIS Interpolation

To facilitate a “whole vs. parts” comparison (i.e. transforming a variable directly
versus reconstructing it from transformed components) we can do the same kind of
points-in-polygons calculation with the ACS_2020 layer. ..

*labo7 — QGIS
Project Edit View Layer Settings Plugins \J9] Raster Database Web Mesh Progessing Help

D BMEEY [ ® 4 CeopocesngTols y [}

Geometry Tools »
BROV.ZWBA 4/ ‘Analysis Tools » 2 Count Points n Polygon...
Research Tools +[ 4 Line Intersections..
Data Management Tools | %3 Mean Coordinatef(s)...
7 Nearest Neighbour Analysis.
#4 Sum Line Lengths...
I Basic Statistics for Fields...

Layers EE]
vawT £ 2 ey
v/ o crime_incidents_in_2024
v [0 Acs_2020
SMD_2022 2 I\ Distance Matrix.
v/ 7 sMp_2022 % List Unique Values...
Qo =

7 te (Ctri Coordinate | 389773°772091" |5 Scale[175746 |~ | @ Magnifir| 100% |2| Rotation [00° 2| v Render @epscanzs @
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QGIS Interpolation

Same approach as before, except with ACS_2020 as polygon layer,
crimes_tract_2024 as field name, and ACS_2020_2.geojson as output file

Count Points in Polygon

Parameters | Log Count points in
Polygons POlngl’\
ACS_2020 [EPSG:4326] ~| \‘ s algorithm takes a points layer

on layer and counts

Points
Crime_Incidents_in_2024 [EPSG:4326] - R [

generated, with the exac
N = a content as the input pol
e ondonall layer, b ontaining an additional

- field with the poi <

s count
corresponding to each pol

Class field [optional]
Id can be

Count field name

crimes_tract_2024

Count

\PI231/ProblemSets/PS07/Output/ACS_2020_2.geojson -

v Open output file after running algorithm

0%

@ Help Advanced ~|| Runas Batch Process... @cClose ‘ Qrun ‘

GIS-PubPol
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QGIS Interpolation

The new ACS_2020_2 layer should appear in the project window.
Let's open its Attribute Table

w Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

38 O eplpP

aeswv*kw-@w ”.

Layers =6
YRRV G-BAD
© Crime_incidents_in_2024
[l Acs_z020
ACS 2020 2
W smp_2022_ 2
v [#] smp_2022

Type to locate (Ctrl+K Coordinate 389623":77.2084° |9 Scale | 175746 |~ | @ Magnifier| 100% 2| Rotation |00° |V Render @epscazs @

Yuri M. Zhukov API-231 /



QGIS Interpolation

Make sure the crimes_tract_2024 variable is there.
Then launch the Field Calculator

Features Tot:

=] ® ¥ # = =)

MAFISEHOLDS CO )OL_ENROLLN [IONAL_ATTAI OREIGN_BORIE_ HOME NOPpen field calculstor (Ctrl+) [ T NONWHIT_MARRIEDCOIT_FOREIGNBO T NONENGLI_SCHOOLENR T BROADBAN crimes_tract_2024 =
1 306 30 83 1150 149 274 744 93.676814... 6.3231850... 44.094488... 11.631537... 21.389539... 6.4793130... 97.637795 5
2 809 75 456 2824 746 544 1752 85.497365... 14.502634... 48.920863... 23.117446.. 16.857762... 14.130771... 96.956281 34
3 o 0 3874 84 731 1461 0 58.506856... 41.493143. 0 18.562722... 37.100050... 98.374809 0 4
a 536 64 1782 2639 793 1228 1776 80.429378... 19.570621... 33.314825... 17.920903.. 27.751412... 40.271186... 98.611882 36
5 013 167 1881 3989 1308 1527 2355 82.903117... 17.096882... 47.011952... 21.924237... 25.595038... 31.528662... 93.824701 16
6 259 60 470 117 349 417 553 67.2 328 53.885135... 23.266666 27.8 31.333333... 93.412162 2
7 562 251 544 2888 545 519 2013 68.877849... 31.122150... 39.294345.. 15.926358... 15.166569... 15.897136... 97.293378. 23
8 650 199 529 2697 467 700 1706 75.409365... 24.590634... 49.075144... 13.415685... 20.109164... 15.196782... 98.612716 7
o 1885 38 834 3636 593 565 2083 79.991467... 20.008532... 41.539153.. 12.649317... 12.052047... 17.790102... 93.744374 2~
1 »

Show All Features .,
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QGIS Interpolation

Calculate the “crimes per 1000 residents” variable for ACS_2020_2. Name the field
crimes_1000_tract, set type to Decimal number (real), and set the
Expression to crimes_tract_2024 / POP_TOTAL * 1000

ACS_2020_2 — Field Calculator x

V! Create a new field Update existing field

Create virtual field
Output field name |crimes_1000_tract
Output fieldtype | -2 Decimal number (real)

output field length | 10 < Predision 3 =

Expression | Function Editor

: 3

crimes_tract 2624 / POP_TOTAL * 1000 Feature 3
geometry
id

row_number
» Aggregates
» Arrays

+ Color

+ Conditionals
» Conversions
’

,

,

,

bl I A I e 0 P
Feature |0 ~ >
Preview: 1.015744032503809

DataPlotly

Date and Time
Fields and Values
Files and Paths

a You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit mode will
A automatically be turned on.

OHelp

Ocancel || @ok |
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QGIS Interpolation

The new crimes_1000_tract variable should appear in the Attribute Table

ACS_2020_2 — Features Total: 206, Filter
= TRACTCE ~ |=[&][me - || Update All
_€O)OL_ENROLLATIONAL_ATTAI OREIGN_BORIE_HOME_NOIRNET_BROADE PCT_WHITE CT_NONWHIT MARRIEDCOIT_FOREIGNBO T_NONENGLI!_SCHOOLENR :T_BROADBAN Crimes_tract 2024 imes_1000_tra*
1 (30 83 1150 149 274 744 93.676814... 63231850... 44.094488... 11.631537... 21.389539... 6.4793130... S7.637795 5 3.903
2 |75 456 2824 746 544 1752 85497365... 14.502634... 48.920863... 23.117446... 16.857762... 14.130771... 96.956281 34 10.536
3 0 3874 84 731 1461 0 58.506856... 41.493143. 0 18.562722... 37.100050... 98.374809. 0 4 1.016
4 64 1782 2639 793 1228 1776 80.429378... 19.570621... 33.314825.. 17.920903... 27.751412... 40.271186... 98.611882 36 8.136
5 167 1881 3989 1308 1527 2355 82.903117... 17.096882... 47.011952... 21.924237... 25.595038... 31.528662... 93.824701 16 2.682
6 60 470 1117 349 417 553 67.2 328 53.885135.. 23.266666. 27.8 31333333.. 93412162 2 1333
7 251 544 2888 545 519 2013 68.877849... 31.122150... 39.294345... 15.926358... 15.166569... 15.897136... 97.293378, 23 6.721
8 199 529 2697 467 700 1706 75.409365... 24.590634... 49.075144... 13.415685... 20.109164... 15.196782... 98.612716 7 2.011)-
show All Features _ =
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QGIS Interpolation

Remember to save your layer edits!

“labo7 — QGIS

Vector Raster Database Web Mesh Progessing Help

Project Edit View Layer Settings Plus

D BRY DL HPPr i g i Bae bl

RQV.ZAREBB 4/B. - 3 & = g
B VRO AVRBAIRPS HF R 9

Layers o8

«BeTVE-HADL

o Crime_incidents_in_2024
Il Acs_2020

0om to Layer(s)

=2 show in Overview
Show Feature Count
= show Labels
Copy Layer
Rename Layer
] Duplicate Layer
L Remove Layer..
Move to Top
Move to Bottom
* Open Attribute Table
Toggle Editing

5 Save Layer Edits

# current Edits ,

Set Layer Scale Visibility...
Layer CRs »
Export »

styles »
Add Layer Notes... 5
Ve Coordinate | 3898°772081° |5 Scale| 175746 |~ | @ Magnifier| 100% 2/ Rotation [00° 2|V Render  @epscarzs @

Typetold

M. Zhukov




QGIS Interpolation

The next step is to calculate the area of each intersection between source and
destination polygons, or a;n;. To do this, we first need to create the intersection.
Go to Vector menu — Geoprocessing Tools — Intersection...

*labo7 — Qs

Project Edit View Layer Settings Plugins \[4l] Raster Database web Mesh Processing Help
Bnme e Geoprocessing Tools J r sufer.. % = . = @
D BR[O » Ml - r ;@ E ¥ IE-m &
- Geometry Tools »| s clip...
BV ZWBR 2|/ Analysis Tools +| @ convex Hull... > R AL
o & ResearchTools »| & Difference... ®
:RJ] £
DataManagement Tools | # Dissolve...
Intersection...
© Symmetrical Difference...
5 - # union...
# Eliminate Selected Polygons.
W smp_2022_
v [7] smp_2022
Type to locate (Ctrl+K) Coordinate| 38.8602°:77.2091° |9 Scale | 1:79746 ~ | @ Magnifier| 100% 2| Rotation |0.0° < V/Render @EpsGazze @
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QGIS Interpolation

For the intersection, select SMD_2022_2 as Input Layer, ACS_2020_2 as Overlay
layer. Then click the [...] button next to “Overlay fields to keep”

Intersection X

Parameters = Log Intersection

Input layer

orithm extracts the

SMD_2022_2 [EPSG:4326] N 1IN

overlay layer
ACS_2020_2 [EPSG:4326] -

Input fields to keep (leave empty to keep all fields) [optional]

Overlay fields to keep (leave empty to keep all fields) [optional]

b Advanced Parameters Overlay Fields to keep (leave
Intersection empty to keep all fields)

.| Python identifier:
'OVERLAY _FIELDS

v| Open output file after running algorithm

0%
@ Help Advanced ~|| Run as Batch Process... ©close || Qrun |
Yuri M. Zhukov API-231 / GIS-PubPol / 13




QGIS Interpolation

On the next screen check the boxes next

to Parameters | Log * Intersection
4| overlay fields to keep (leave empty to keep all fields)

- \/ PDP TOTAL VI POP_TOTAL B Qox
- SEXRATIO_M2F
MEDIAN_AGE Select All

- v crimes_tract_2024 e e
- \/ er_mes_ 1000_tract Eﬁgﬂgonroacg Toggle Selection

EMP_MILITARY
EMP_NOTLABORFORCE
- \/ tract area UNEMPLOYMENT_RATE
- MEDIAN_INCOME
- POVERTY_RATE
C | IC k DK HOUSEHOLDS_TOTAL
HOUSEHOLDS_MARRIED
HOUSEHOLDS_COHAB
SCHOOL_ENROLLMENT
EDUCATIONAL_ATTAINMENT
FOREIGN_BORN
LANGUAGE_HOME_NONENGLISH
INTERNET_BROADBAND
PCT_WHITE
PCT_NONWHITE
PCT_MARRIEDCOHAB
PCT_FOREIGNBORN
PCT_NONENGLISH
PCT_SCHOOLENROLL
PCT_BROADBAND
V| crimes._tract_2024
V| crimes_1000_tract
V! tract_area

This algorithm extra

0%

@Help Advanced -|| Runas Batch Process... Oclose || @Run |

Yuri M. Zhukov




QGIS Interpolation

Save the output file to SMD_ACS_intersection.geojson, click Run

Intersection 3
.
Parameters | Log Intersection
Input layer
SMD_2022_2 [EPSG:4326] -6 ...

overlay layer
ACS_2020_2 [EPSG:4326] -6 R ...

Input fields to keep (leave empty to keep all fields) [optional]
Overlay fields to keep (leave empty to keep all fields) [optional]
b Advanced Parameters

Intersection

blemsets/PS07/0utput/SMD_ACS_intersection.geojson

v| Open output file after running algorithm

0%

@ Help Advanced | Runas Batch Process... Qclose ‘

Yuri M. Zhukov GIS-PubPol




QGIS Interpolation

The SMD_ACS_intersection layer should appear in your project window

*1ab07 — QGIS. -
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
% . B % =R

DEERR® UeLLNPP A LOOR
RQViZWED 4./

Layers L]

@OV E-BADL

Crim: s_in_2024
SMD_ACS _Intersection

ACs_2020
v [ Acs_2020 2
s! 2

MD_2022_.
v [7] sMp_2022

1legend entry removed. Coordinate | 38.8009°7692¢6° |9 Scale 175746~ | @ Magnifier| 100% 2| Rotation [00° 2|V Render @epscasze @

GIS-PubPol / 13
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QGIS Interpolation

Open the Attribute Table for SMD_ACS_intersection and launch the Field
Calculator

SMD_ACS_intersectio eatures Total: 1516, Filtered: 1516, Selectes

T E 7
stName WardNumber _votes 1st _votes 2nd _votes_cast voteshiopen field calculator (Ctrie)J9In_ impetitive_tofmpetitive_tof. smd_area _imes_smd_20i POP_TOTAL imes_tract_20iimes_1000_tra
1 1A01... 1 481 7 488 98.565573...| 1.4344262... 97.131147... 0.0286885... 0.0143442 85605.951 9 5219 92 17.628
2 1A01.. 1 481 7 488 98.565573... 1.4344262.. 97.131147... 0.0286885... 0.0143442... 85605.951 9 4517 24 5313
3 1A01.. 1 481 7 488 98.565573... 1.4344262... 97.131147... 0.0286885... 0.0143442 85605.951 9 2084 1 5278
a Aot 1 481 7 488 98.565573... 1.4344262... 97.131147... 0.0286885... 0.0143442. 85605.951 9 3088 13 421
5 1A01... 1 481 7 488 98.565573.. 1.4344262... 97.131147... 0.0286885... 0.0143442 85605.951 9 3430 31 9.038
6 |1A01... 1 481 7 488 98.565573... 1.4344262... 97.131147... 0.0286885... 0.0143442. 85605.951 9 2551 13 5.096
7 1Ac2... 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 0.0240384 90463.969 10 2289 6 2.621
8 1A02.. 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 0.0240384. 90463.969 10 4087 12 2936
9 1AQ2... 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 0.0240384... 90463.969 10 5219 922 17.628 |~
show All Features
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QGIS Interpolation

Create a new field called area_weight of type Decimal Number (real).
Set Expression to $area / tract_area (this is equivalent to w! & = =03y

1) a;

intersection

ield Calculator

v/ Create a new field Update existing field
Create virtual field

Output field name

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

output field length [ 10 </ Precision |3 E

Expression | Function Editor

- K
feature 2

geometry
id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly
Date and Time

= LA 00D I

Feature | SMD 1A01 i > Fields and Values
Preview: 0.0000011571573689608 (LG i 2
PN You are editing information on this layer but the laer s currently not in edit mode. IF you click OK, edit mode will

automatically be turned on.

OHelp

O cancel ||

Yuri M. Zhukov




QGIS Interpolation

The area_weight field should appear in the Attribute Table.
Now go back to the Field Calculator, where we will create weighted population
variables for destination polygons

516, Filtered: 1516, Selected:

sbe SMD_ID - |=[ &[] - || Update All
Number votes_1st  votes 2nd votes_cast voteshare_1stroteshare_2nc votemargin »mpetitive_topmpetitive_tof smd_area imes_smd_20; POP_TOTAL imes_tract_20iimes_1000_tra area_weight |~
1 1 481 7 488 98.565573... 14344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 5219 92 17.628 0272
2 1 481 7 488 98.565573... 14344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 4517 24 5313 o
3 1 481 7 488 98.565573... 14344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 2084 1 5.278 o
4 1 481 7 488 98.565573... 14344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 3088 13 a2 0728
5 1 481 7 488 98.565573... 14344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 3430 31 9.038 o
6 1 481 7 488 98.565573... 14344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 2551 13 5.096 o
7 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 00240384 90463.969 10 2289 6 2.621 0
8 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 0.0240384 90463.969 10 4087 12 2.936 0491~
Show All Features
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QGIS Interpolation

Now let’s sum the weighted population numbers for each SMD. Create a new field
called pop_tract2smd of type Decimal Number (real). Set Expression to
sum (POP_TOTAL*area_weight,group_by:=SMD_ID)

. . (ext
(this is equivalent to >~ w," J."m_/)

1) ey
SMD_ACS_intersection — Field Calculator x
V| Create a new field Update existing field

Create virtual field
[pop_tractzsmd] \

Output field type | -2 Decimal number (real)

Output field name

Output fieldlength 10 |2 Precision |3 P

Expression | Function Editor

- FAE e
Isun (POP_TOTAL*area weight,group_by:=SHD_ID)| feature <

geometry
id

row_number
» Aggregates

> Arrays

» Color

» Conditionals
» Conversions

» DataPlotly

» Date and Time
» Fieldsand Values
» Files and Paths

,
,
,

,

= Ll L A ) e Fuzzy Matching

Feature | SMD 1A01 v (3 g:g:r:t,y

Preview: 2141.1859999999997 Ll L =

@Help Ocancel || @ok |
Yuri M. Zhukov API-231 / GIS-PubPol / 13




QGIS Interpolation

This will take several minutes to compute (you can follow the progress bar at
bottom, or use this time to stretch your legs)

‘SMD_ACS Intersectior

v Update existingfeld Update il |
Crestevituat ield

17.628 229696071

5313305615706

Output field name pop_tractzsmd
Output field type | 1.2 Decimal number (real) = F
Outputfieldlength [ 10 |2 Precision 3|2 BRI ]

a21 msssan

903 207185049

Expression | Function Eitor
L2 509 120715589
eature - r
-1 Lnt group by 1 feat 2,621 163862.027
gsometry
M b | 2936 171910802
Aasregates F

= e A D
Feature [SMD 1401 -J<>
Preview: 2141.1859999999997

Fuzzy Matching

Geometry
Map Layers. g

2 ¢ o

Orelp Qcncel

[ — Coodinte 30565765512 W Sle 175657 |~ @ wagnfer[ 00% = rotatin 00 2V Renter @epscans @

Yuri M. Zhukov




QGIS Interpolation

(OPTIONAL) Create a new field called area_weight2 of type Decimal Number
(real).

Set Expression to $area / smd_area (this is equivalent to ™) = “71)

1Nyg a;

SMD_ACS _intersection — Field Calculator J

V| Create a new field Update existing field
Create virtual field
Output field name [T |
Output field type | -2Decimal number (real)  ~
output field length | 10 < Predision 3 =
Expression Function Editor
g FAE
eature =
geometry
id
row_number
» Aggregates
» Arrays
+ Color
+ Conditionals
» Conversions
» DataPlotly
» Date and Time
» Fields and Values
— . — » Files and Paths
=l D) i » Fuzzy Matching
Feature | SMD 1A01 - DK g:g::t,y
Preview: 0.0000041310850722056 > IEERCES =
OHelp Ocancel || @ok |
Yuri M. Zhukov API-231 / GIS-PubPol / 13




QGIS Interpolation

Now let's do a weighted average (intensive) of crimes per 1000 residents. Create a
new field called crimes_1000_tract2smd of type Decimal Number (real). Set
Expression to sum(crimes_1000_tract*area_weight2,group_by:=SMD_ID)
(this is equivalent to >, zz'ﬁ‘,'{'/.”.z-,-m_/)

v Create a new Field Update existing field
Create virtual field

[T R REY B crimes 1000 Eractzsmd |

output field type | 1-2 Decimal number (real)

Output field length | 10 2 Precision |3 B

Expression | Function Editor

3

fsum (crimes_1000_tract*area_weight2,group_by feature S
: =sMD_1D)| geometry
id

row_number
» Aggregates

> Arrays

» Color

» Conditionals
» Conversions

» DataPlotly

» Date and Time
» Fieldsand Values
» Files and Paths

,
,
,

,

= I I T Fuzzy Matching

Feature | SMD 1A01 - [ g:g:r:t,y

Preview: 7.859696 CEDIETES E

@Help Ocancel || @ok |
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QGIS Interpolation
R

X Scatterplot

(OPTIONAL) This will also take a while to run. | even received a “program not
responding” message, which | ignored

SMD_ACS _intersectior eld Calculator

/2 8

V! Create anew field Update existing Field ~ | UpdateAll |

weight >0p_tract2smc area,
0.102 2141.186.

Create virtual field

98.565573... 1.4344262

Output field name | crimes_1000_tract2smd
488 98.565573... 1.4344262

o 2141.186.

Output field type | 1-2Decimal number (real)  ~
488 98.565573... 1.4344262 Output field length | 10 3 Precision |3 N o 2141.186.
488 98.565573... 1.4344262 0.521 2141.186

| Expression | Function Editor
|8 o)

488 98.565573... 1.4344262 0 2141186

488 98.565573... 1.4344262) “QGIS Desktop” is not responding. 0 2141186

sun(crines _1000_tract+area

416 97.596153...| 2.4038461] AP X o 1752515
2 You may choose to wait a short while for it to continue or
416 97.596153... 2.4038461 force the application to quit entirely. 0.259 1752515
- | .
| Show All Features .

Force Quit

Conversions

Fields and Values
Files and Paths
Fuzzy Matching
General

-l e Jiw

Feature |SMD 1A01 -

Geometry
Preview: 7.859696 Map Layers v

| @Help O cancel

Toggles the (ENNNETE) Coordinate| 38921°769572° |95 Scale[179697 |~ | @ agnifier|100% || Rotation [00° 2|V Render ®epscans @

Yuri M. Zhukov

PubPol / 13




QGIS Interpolation

When it finishes running, you will see both new variables in the Attribute Table.
Note that these values should be constant within SMDs (i.e. values will be repeated
for intersections within each destination polygon)

516, Filtered: 1516, Selected:

sbe SMD_ID - |=[ &[] - | Update All
1are_1stvoteshare_2nc_votemargin )mpetitive_top)mpetitive_tof smd_area imes_smd_20; POP_TOTAL imes_tract_20:imes_1000_tra tract area _area_weight|>op_tractzsmcfbrea_weight2f:s_1000_tract:
1 55573.. 14344262.. 97.131147.. 0.0286885.. 0.0143442 85605.951 9 5219 92 17.628  229696.071 0.10. 2141.186 0272} 7.860
2 55573.. 1.4344262... 97.131147.. 0.0286885... 00143442 85605.951 9 4517 24 5313 305615.706 2141.186 7.860
3 55573.. 1.4344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 2084 1 5278 172839.023 2141.186 7.860
4 55573.. 1.4344262... 97.131147.. 0.0286885... 00143442 85605.951 9 3088 13 421 119532111 os21 2141186 0.72 7.860
5 55573.. 1.4344262.. 97.131147.. 0.0286885... 00143442 85605.951 9 3430 31 9.038  207185.049 2141.186 7.860
6  55573.. 1.4344262... 97.131147.. 0.0286885... 00143442 85605.951 9 2551 13 5096 120715589 2141.186 7.860
7 6153.. 2.4038461.. 95.192307... 0.0480769... 0.0240384, 90463.969 10 2289 6 2621 163862.027 1752.515 5327
8  36153.. 2.4038461.. 95.192307... 0.0480769... 0.0240384, 90463.969 10 4087 12 2936 171910.802 0.25 1752.515 0.491 5327
Show All Features
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QGIS Interpolation

After the algorithm finishes running is a good time to save your layer edits!

labo7

Project. iew Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

0 BERY OPppeRpPP ] H-m- &

BQV.ZREBEB 2/B. R - B
B RBVROARRARPE HRY

CAwTVE&-BAD
idents_in_2024
SMD_ACS inte:
M Acs_2020_2
W smp_2022_2
[ acs_2020 | =3 show in Overview
B smp_z022 Show Feature Count
= Show Labels
Copy Layer
Rename Layer

£ Zoomto Layer(s)

L] Duplicate Layer

[ Remove Layer...
Move toTop
Move to Bottom
Open Attribute Table

/| Toggle Editing

& Save Layer Edits.

# current Edits »

set Layer Scale Visibility...

Layer CRS ’
Export ’

styles ’

Add Layer Notes...

Properties... =

Coordinate | 38.9207°77.0586° | R Scale 179697 |~ | @ Magnifier| 100% 2| Rotation [0.0° 2| ViRender @epscazns @
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QGIS Interpolation

Our next step is to import these weighted values into the SMD_2022_2 layer, and
divide crimes by population size. Right-click on SMD_2022_2 — Properties

*labo7 — QGIS

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

e K-&-

DEBRRE QLR Prg LOoOR L @ 9 ¢

AQV.ZWBA 4/ q maE R AL
) ®

Layers 88

RO TEGE-FAL
o Crime_incidents_in_2024
v Bl SMD_ACs _intersection
[l Acs_2020
22 B
£ Zoom to Layer(s)
v/ [71 sMp_2022

2 Show in Overview
Show Feature Count
= Show Labels
Copy Layer
Rename Layer
L] Duplicate Layer
1 Remove Layer...
Move to Top
Move to Bottom
“ Open Attribute Table
/ Toggle Editing
# current Edits »
Filter...
Change Data Source...
Set Layer Scale Visibility...

Layer CRS »
Export >
styles >

Add Layer Notes....

Coordinate | 38.9585°77.2087 | % Scale|1:796% |~ | @ Magnifier 100% 2| Rotation [00° 2|V Render @epscas @
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QGIS Interpolation

Go to Joins tab in SMD_2022_2 Properties and click + button to add a new join

Layer Properties — SMD_2022_2 — Joins.
Setting Value

@ information

38 source

% symbology

€= Labels

€D Masks

7 30 View

-
" Diagrams

B rews

B8 Attributes Form

€Y Auwsiliary storage
& actions

® pisplay

& Rendering

€ temporal

Variables
o Elevation
B/ metadata

™ Dependencies

style - @apply || Ocancel || @ok |
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QGIS Interpolation

Set SMD_ACS_intersection as the "Join layer”, SMD_ID as the “Join” and
“Target” field, and under “Joined fields” select v’ pop_tract2smd and v’
crimes_1000_tract2smd (if you created this variable, too). Check the box next to
Custom field name prefix and clear the contents (i.e. no prefix). Click 0K

Add Vector Join x

Join layer SMD_ACS _intersection
Join Field abc SMD_ID
Target field abe SMD_ID

v| Cache join layer in memory

Dynamic form
» Editable join layer
v v Joined fields

smd_area
crimes_smd_2024
POP_TOTAL
crimes_tract_2024
crimes_1000_tract
tract_area
area_weight

V| pop_tractzsmd
area_weight2

V| crimes_1000_tract2smd -

v v/ custom field name prefix

@Help Qcancel || Qok |
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QGIS

Interpolation

You should now see the new join layer in Properties

@ information

38 source

% symbology

€= Labels

€D Masks

7 30 View
Diagrams

B rews

B8 Attributes Form

€Y Auwsiliary storage
a@ Actions
® pisplay

4

€ temporal

Variables

Rendering

Elevation
B/ metadata

™ Dependencies

Layer Properties — SMD_2022_2 — Joins.

Setting
=~ oin layer

Join field
Target field
Cache joi
Dynami
Editable join layer
Upsert on edit
Delete cascade
Custom field name prefix

Joined fields
#||=]|¢
_| @nelp style -

Value

SMD_ACS _intersection
SMD_ID

SMD_ID

layer in virtual memory v

©Apply

Ocancel ||

ok

Yuri M. Zhukov




QGIS Interpolation

Quality check! Let's see if the sum of interpolated population values is close to the
sum of this variable in the original data. Go to Vector menu — Vector Analysis
— Basic Statistics for Fields

*labo7 — QGIS

Project Edit View Layer Settings Plugins |39 Raster Database Web Mesh Progessing Help
[ s [ g, 4 Geoprocessing Tools ’ 0 ~ 2 3
B [ py o 9 LOOR H-8-G- Q. B % 2
£

Geometry Tools »

@V, ZmBWR / # Count Points in Polygon. > @R AL
Research Tools »| 3 Line Intersections... ®
Data Management Tools ~ *| %3 Mean Coordinate(s)....

 Nearest Neighbour Analysis...

#4 sum Line Lengths..

. Basic Statistics for Fields...

I\ Distance Matrix...

Layers G

Coordinate| 38921°,77.1653 |% Scale|179657 |~ | @ Magnifier| 100% 2| Rotation [00° 2| ViRender @epscazs @
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QGIS Interpolation

In the next window, set “Input layer” to SMD_2022_2 and “Field” to
pop_tract2smd. Click Run

Basic Statistics for Fields x

Parameters | Log Basic statistics for
Input layer fields
SMD_2022_2 [EPSG:4326] - N

Field to calculate statistics on
1.2 pop_tract2smd
Statistics [optional]

0%

©OHelp Advanced | Runas Batch Process... Oclose QRun_|
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QGIS Interpolation

Make note of the value in the log after “SUM:"

Parameters | Log Basic statistics for
PUC paraiecers. 3 et
{ 'FIELD NAME' : 'pop_tract2smd', 'INPUT LAYER' Fiel

: ' /home7 zhukov/Dropbox/HKS/Teaching/API231/
ProblenSets/PS07/0utput/SD 2022 2.geojson’,
"OUTPUT_HTML_FILE' : 'TEMPORARY OUTPUT" }

Execution completed n .18 sconds

esults:
( COUNT': 345,
'CV': 0.3899480546604078,

‘FILLED': 345,
‘FIRSTQUART!LE‘: 1481.556,
"IQR': 910.7429999999999,
"MAJORITY': 245.985,
‘MAX': 5723.729,
"MEAN' : 1979.7897507246391,
"MEDIAN' : 1935.192
‘MIN': 245.985,
MINORITY': 245.985,
"OUTPUT HTML FILE': */tmp/processing TaAX0c/
edZd17405(694970b0e7b306799324d1/
OUTPUT HTHL FILE

RANGE " : 5477 7A4®06®06®01

EV 51619495048,

s 4o
THIRDOUARTILE 2392.299,
‘UNIQUE': 345}

Loading resulting layers
Algorithm 'Basic statistics for fields' finished
HTMIL output has been generated by thisaigorthm,

Open the results dialog to check it =

0%

@Help | Advanced -| Run asBatch Process... ©close | @cChange Parameters




QGIS Interpolation

Now do the same with “Input layer” ACS_2020 and “Field” POP_TOTAL

Basic tics fFor Fiel

Parameters | Log

* Basic statistics for
Input layer fields

ACS_2020 [EPSG:4326)

Field to calculate statistics on
22 POP_TOTAL

Statistics [optional]

0%

@telp || Advanced -| | RunasBatch Process..

©Oclose |[ @run |

Yuri M. Zhukov
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QGIS Interpolation

The population sums look numerically close (683,027 vs 683,154).
Interpolation was a success!

Basic Statistics for Field:

ey L9 Basic statistics for
{"FIELD NAWE' : 'POP TOTAL', 'INPUT LAYER' : ~ fFields

*/home/ zhukov/Dropbox7HKS /Teaching/APT231/
ProblenSets/PS07/Data/ACS/ACS 2020.geojson’,
"OUTPUT_HTML_FILE' : 'TEMPORARY OUTPUT® }

thm
o

te
the anal

Executon completed n 0.13 econds
esults:

{5200nT : 206,

"cv': 0.3312511498805673,

‘F!RSTQUART!LE‘- 2496.0,
'I0R
‘MAJORITV 2385 0,

‘MEAN‘ 3316. 281553398@583
"MEDIAN' : 321
MIN': 17

‘MINORITY': 17.0,
*OUTPUT HTML FILE': '/tmp/processing_IaAXOc/
05900a68bd04997a231e7e34bbc490f/
OUTPUT HTML FILE.html',
RANGE™: 7121.0,
mgs 5220779206672,

‘ST

68315
THIRDDUARTIL T 4066.0,
‘UNIQUE': 202}
Loading resulting layers
Algorithm 'Basic statistics for fields' finished
HTML output has been generated by this algorithm.

Open the resuls dialog to check it. 3

0%

©OHelp Advanced | Run as Batch Process... ©close | @change Parameters




QGIS Interpolation

Last step (for interpolation): calculate number of crimes per 1000 residents! Go to

the Attribute Table for SMD_2022_2 and open the Field Calculator

45, Selected: 0

g TE S E
stNumbe ContestName WardNumber votes fst  votes 2nd  vote|Open field calculator (Ctrl+!) hre_2nc votemargin smpetitive_tofsmpetitive_to smd_area crimes_smd_2024>0p_tract2sme:s_1000._tract: ~
1 18 ANC-1A01... 1 481 7 488 98.565573.. 1.4344262... 97.131147... 0.0286885... 0.0143442... 85605.9 9 3667.632 1310
2 19 ANC-1A02... 1 406 10 416 97.596153. 2.4038461 95.192307. 0.0480769. 0.0240384... 90463.9. 10 4298.181 1.066
3 20 ANC-1A03... 1 291 8 299 97.324414. 2.6755852. 94.648829. 0.0535117. 0.0267558... 65689.0. 11 5215.000 3.526
4 21 ANC- 1A04... 1 505 15 520 97.115384... 2.8846153.. 94.230769... 0.0576923... 0.0288461... 137899. 16 4497.000 1.890
5 22 ANC-1A0S... 1 346 6 352 98.295454. 1.7045454. 96.590909. 0.0340909. 0.0170454... 139006.. 73 5215.000 3.526
6 23 ANC- 1A06... 1 146 o 146 100 o 100 o 0 114353. 12 4042.385 1.238
7 24 ANC-1A07... 1 498 18 516 96.511627. 3.4883720. 93.023255. 0.0697674. 0.0348837... 120606.. 14 4474.206 1.894
8 25 ANC- 1A08... 1 352 1 363 96.969696... 3.0303030... 93.939393... 0.0606060... 0.0303030... 81005.6. 7 3505344 1513
9 26 ANC-1A09... 1 413 18 431 95.823665. 4.1763341 91.647331 0.0835266. 0.0417633... 127768.. 11 4352.892 0.976 ~
i »
Show All Features .
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Create a new field called crimes_1000_smd of type Decimal number (real).

QGIS Interpolation

Set Expression to crimes_smd_2024 / pop_tract2smd * 1000

SMD_20; eld Calculator

v Create anew field

Create virtual field

Output field type | -2 Decimal numb

Expression | Function Editor

2smd

Feature | SMD 1A01
Preview: 4.203277996400126

automatically be turned on.

OHelp

output field length [ 10 </ Precision |3 E

= LA 00D I

Update existing field

Output field name | crimes_1000_smd

er(real) -

1009 feature
geometry
id

row_number
» Aggregates.

» Arrays

» Color

» Conditionals

» Conversions

» DataPlotly

» Date and Time

» Fields and Values
+ Files and Paths.

You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit mode will

Qcancel || ok |
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QGIS Interpolation

(OPTIONAL) Whole vs. parts: compare the values for the field we just constructed
(crimes_1000_smd) from components to the crimes_1000_tract2smd variable
we interpolated whole-cloth.

SMD_2022_2 — Features Total

tered: 345, Selected: 0

76 3 & 24K Z & @

*<SMD_ID - |=[&][me - | Update All

mbe ContestName WardNumber votes 1st  votes 2nd votes_cast voteshare_1st /oteshare_2nc_votemargin mpetitive_topimpetitive_tof smd_area rimes_smd_202>0p_tractzsmdcrimes_1000_tract2smd _crimes_1000_smd
1|18 ANC-1A01 1 481 7 488 98.565573.. 14344262... 97.131147... 0.0286885... 0.0143442 85605.951 9 2141189 7.86 4203
2 |19 ANC-1A02... 1 406 10 416 97.596153... 2.4038461... 95.192307... 0.0480769... 0.0240384... 90463.969 10 175251 5327 5.706.
3 |20 ANC-1A03... 1 291 8 299 97.324414.. 2.6755852.. 94.648829... 0.0535117... 0.0267558.. 65689.035 1 1492634 17.628 7.370,
4 | 21 ANC-1A04 1 505 15/ 520 97.115384... 2.8846153.. 94230769... 0.0576923... 0.0288461... 137899.862 16 2064123 7.561 7.751
5 |22 ANC-1A0S... 1 346 6 352 98.295454.. 17045454... 96.590909... 0.0340909... 0.0170454... 139006.208 73 3157499 17.628 23120
6 |23 ANC-1A0G... 1 146 o 146 100 o 100 0 o 11435321 12 2085813 4.953 5753
7 | 24 ANC-1A07... 1 498 18 516 96.511627... 3.4883720... 93.023255... 0.0697674... 0.0348837...  120606.54 14 1798362 7.576 7.785
s | 25 ANC-1A08 1 352 1 363 96.969696... 3.0303030... 93.939393... 0.0606060... 0.0303030.. 81005.655 7 1825957 4.539 3.834

show Al Features .
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QGIS Interpolation

Save the edits to the SMD_2022_2 layer!

*labo

Qais

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= = es 5% D000 Qo
DEBREY OeLLAPPL M AR
BV ZHWED 4/ B -
(o p a
R BVEOARRARPS KR
Layers o®
YRRV E-BAD
o Crime_incidents_in_2024
Hd sMD_ACS.intersection

[l Acs_2020

BT 7 00m to Layer(s)

e

2 show in Overview
Show Feature Count
= Show Labels
Copy Layer
Rename Layer
L Duplicate Layer
1 Remove Layer...
Move to Top
Move to Bottom
* Open Attribute Table
J | Toggle Editing
% save Layer Edits
# Current Edits v

Set Layer Scale Visibilty...

Layer CRS. ’
Export ’
styles ,

L Typetd  AddLayer Notes... Coordinate | 389632'-77.2081" | % scale[1:7969 |~ | @ Magnifier| 100% | Rotation |00° |V Render @ Epscans @

M. Zhukov



QGIS Interpolation

To be extra-safe, let's export the layer to a new geojson file (to preserve the join).
Right-click SMD_2022_2 in layer menu — Export — Save Features As...

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

D RN OLLrLaAPP QY Ha D

BV ZRED 4/ B Jx- B
B RVEOVARBRARP S HR

Layers CC)
¢« BOVE-FADL

o Crime_incidents_in_2024
Hd SMD_ACS_intersection
[l Acs_2020

3 show in Overview
Show Feature Count

= Show Labels
Copy Layer
Rename Layer

] Duplicate Layer

[] Remove Layer.
Move to Top
Move to Bottom

7 Open Attribute Table

/| Toggle Editing

# current Edits »

Set Layer Scale Visibility...

Layer CRS »
Styles »
Add Layer Notes... save as Layer Definition File...

* Typetolocall  properties. Save as QGIS Layer StyleFile...  2081° W5 Scale[1:79%% - | @ Magnifier 100% %/ Rotation 00° 3+ [V/Render @EPSG4326 @
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QGIS Interpolation

Save the layer as SMD_2022_3.geojson with Geometry type: Polygon. Check the
box next to Extent (current: layer). Click OK

e Vector Layer a:

Format GeoJSON -
File name  g/API231/ProblemSets/PS07/Output/SMD_2022_3.geojson
Layer name

CRS EPSG:4326 - WGS 84 ~

Encoding

b Select Fields to export and their export options
v Persist layer metadata
v Geometry
Geometry type Polygon 2
Force multi-type

Include z-dimension
w [v| Extent (current: layer)
North |38.995968037

West -77.119795219 East -76.909149956

South |38.791644351

Calculate from | Layer - | LayoutMap - | |Bookmark ~
Current Layer Extent Map Canvas Extent c
@ Help v/ Add saved filetomap | @cancel || @ok |

Yuri M. Zhukov GIS-PubPol
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QGIS Interpolation

The new layer should appear in your project window.
Now we're ready to make a scatterplot of electoral competitiveness and crime!

*labo7 — Qs 56 @
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Proessing Help
e [ ® © 50 DA LT & = —

DbERR® OSLPLHPSE A LUOR H-&-G- AE %S E--=-

g X e @y @ (-] L
RQViZWED 4./ “@RE R B B

) ®

Layers CE] - PR . - .

N VW Layer Exported: Successfully saved vector layer to /home/zhukov/Dropbox/HKS/Teaching/API231/ProblemSets/PS07/Output/SMD 2022 3.geojson Q

Coordinate 38.9454°-77.2081° | % scale 17969 | @ Magnifier| 100% 2| Rotation |00° 2|V Render @epsazze @
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QGIS Interpolation

R Scatterplot

Scatterplot
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QGIS
atterpl

To make the scatterplots, we will be using the DataPlotly plugin.
Go to View menu — Panels — v  DataPlotly

0 =) | L New Map View Cerlem L o g B %3 E- g
30 Map Views ,
@ @ V[0 panmap > @ AL B
# Pan Map to Selection B ==
# zoomIn Ctrl+Alt++ é (b
teen # Zoom Out Ctrl+alts-  ed vector layer to /home/zhukov/Dropbox/HKS/Teaching/API231/ Sets/ utpUE/SMD 2022 3.qeoison o
“ T | @, identify Features Ctrlsshifes

Measure ,
T statistical Summary

Elevation Profile

Zoom Full CtrlsshiftsF

£ Zoom to Selection Ctrlss

© Zoom to Layer(s)

/2 Zoom Last
Decorations ’
Preview Mode ,

+ show Map Tips.

¥, New Spatial Bookmark... ctrlsn
! Show spatial Bookmarks Ctrl+shift+8
Advanced Digitizing
* Show Spatial Bookmark Manager
Browser
& Refresh FS5

Browser (2)

Visibili ,

Layer Visibility W Dataplotly v

Panels 4 " pebugging/Development Tools |
Toolbars "

GPS Information
Toggle Full Screen Mode F11

Layer Order
Toggle Panel Visibility Ctrl+Tab Layer styling
Toggle Map Only CtrlushifteTab | oo
Log Messages
S € [ overview ~ | @ Magnifier | 100% 2| Rotation |0.0° 2| Vi Render @EPsGa326 @

Yuri M. Zhukov GIS-PubPol

13



QGIS
Scatterplot

In the DataPlotly panel, set the following parameters:
Plot type: Scatter Plot; Layer: SMD_2022_3; X field: competitive_topl; Y
field: crimes_1000_smd; Legend title: [empty]

*1ab07 — QGIS. X=X
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= i ® O - DA TG 2 =
DerERR: Q2 BPPH A LPOR M- & -GN QE#IH =
RV ZWmEBER / =4 w= > @ Al B

Layers L] DataPlotly o®

Plottype | - Scatter Plot

v Plot Parameters
Layer smd_2022 3
Use only selected features  Use only visible feat!
Feature subset =,
Xfield 1.2 competitive_top1

¥ field 1.2 crimes_1000_smd

v Properties

Legend title
Marker color - & Markersize 1000 |+
Stroke color @S - €. stroke width |1.00
Marker type Points

Point type L]

Opacity —_— 1000%
Hover tooltip All Values

Hover label as text

Type of plot Single Plot
 Clean Plot Canvas. Create Plot | | Configuration
Coordinate| 38.9406°,-76.9072° ¥ Scale 179846 ~ | @ Magnifier| 100% + Rotation |00° 2|V Render @gpsGazzs @
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QGIS
Scatterplot

In the Layout Options tab, set the DataPlotly -
following parameters: + Layout Options

show legend Horizontal legend show range slider
- ShOW Iegend: I:l (Oﬂ:) Plok title Electoral competitiveness and crime in DC| =
- P|Ot tltle X label [Top-1 competitiveness (2022) | &
¥ label Crimes per 1000 residents (2024) <

Electoral competitiveness and

b Title and labels customization

crime in DC Additional hover label < (e
. Invert X axis X axis mode | Linear x
- X label:
Invert Y axis Y axis mode | Linear M

¥ | | Set X Axis Bounds

Top-1 competitiveness (2022)
- Y label:

Crimes per 1000 residents

(2024)

Minimum 0.00 v S

Maximum 0.00 v S

v | | setY Axis Bounds

. Minimum 0.00 =l =8
- Click Create Plot =
Maximum 0.00 v S
Grid color 7]
Type of plot Single Plot >
¥ Clean Plot Canvas ) Update Plot Create Plot | | Configuration -
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QGIS

Scatterplot

The scatterplot should appear on the next screen.

*1abo7 — Qs 56O
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Proessing Help
DR UL NPRP YA LUOR K-8-&-5% QGEKIE-=-
BQV.AMBED / / =a == > @ Al B

®

DataPlotly

@ -G ]
Lo

[ ]

a

SReload | || Dynamically update size AIE|
Coordinate| 388195",-765085" |®5 Scale 179845 - | @ Magnifier| 100% 2| Rotation |00° |V Render @epscazs @
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QGIS
Scatterplot

To save the scatterplot, click the Export as image button in lower-right corner

*labo7 — QGIs
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
T Y =7 =
BRRY QerLRPP R LUOR H-& B %I E =S
e SoEE @
ROV, ZBED I N B

?®

Dataplotly o)

SReload | || Dynamically update size

. {Export as image]
Coordinate 38.8199",76.9089" | Scale | 1:79846  ~

& Magrifier 100% 2| Rotation [00° |V Render @epscanzs @
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QGIS
Scatterplot

Name the file scatterplot_competitiveness_crime.png.
It should look something like this:

@

mes per 1000
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QGIS
Scatterplot

Problem Set 7
Your assignment (if using QGIS): create a
scatterplot of school performance and race
- perform areal interpolation:
- source polygons: ACS census tracts
(ACS_2020.geojson)
x variables: neighborhood
population size and racial makeup
- destination polygons: elementary
school attendance zones
(SAZ_Elementary.geojson)
y variables: STAR school
performance scores
- make and export a scatterplot:
- percent non-white on x-axis
- school STAR score on y-axis
- name the file
scatterplot_race_schools.png
- upload plot to Canvas

Percent non-white population

Figure 16: Can you make this?
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Scatterplot

Here's a quick preview of the assignment.
Load the vector data file SAZ_Elementary.geojson from Data/Schools

Data Source Manager — Vector

L LGS sourcetype

© File O Directory ) Database ) Protocol: HTTP(s), cloud, etc.

Raster
Encoding Automatic

Mesh
Point Source

o
# cloud r
Vector Dataset(s) hools/SAZ_Elementary.geojsonell

«  Delimited

~ Options
4 Geopackag)

Consult GeoJSON driver help page for detailed explanations on options
g oS FLATTEN_NESTED_ATTRIBUTES | <Default>
7, spatialite NESTED_ATTRIBUTE_SEPARATOR
FEATURE_SERVER_PAGING <Default>
ARRAY_AS_STRING <Default>

DATE_AS_STRING <Default>

ArcGls @Help ©add_|| @close
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QGIS
Scatterplot

To see how SAZ_Elementary overlays with census tracts, select a symbology with
bright thick borders and a transparent inside, like outline_red

Layer Properties — SAZ_Elementary — Symbology

= single Ssymbol -

@ tformation e |k
= simple Line
18 source
& symbology
Color M
." 3D View Opacity 1000% |+ €
g Unit | Millimeters =
, Diagrams
E Fields Favorites v &
Default 3

Attributes Form

Joins.

)

7
7))

7

€1 Auxiliary storage

o® DEICHS gradient plasma gray 3fill hashed black / hashed black |
® pisplay
— D D D
&8 temporal
Variables hashed black X outline blue outline green
2 Elevation =
. outline red Save symbol...| | Advanced -
B/ Metadata
» Layer Renderin,
M Dependencies h 9 .
@ Help Style - @apply || @cancel || @ok |
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QGIS
Scatterplot

Because SAZs are (mostly) larger and fewer in number than tracts (74 vs 206), it
seems more appropriate for SAZs to be the destination units

1ab07 — QGIS ® @
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Proessing Help

DeBRRH L RPPH R LNOR M-&-%5 GE#*ZE =
ROV ZWMBD 4./ a |

Layers L)

Saved project to: /home/zhukov/Dropbox/| Coordinate | 38.7916°77.2014" |9 Scale 175746~ | @ Magnifier| 100% 2| Rotation |00° | ViRender @epscazs @
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Scatterplot

Let's construct the area weights, starting with the area of destination polygons, a;.
Recall that we already calculated the area of source polygons, a; (tract_area in
ACS_2020). Go to the Field Calculator for SAZ_Elementary

) € LT ESL L
NAME GISID  DCPSID | GLOBALID | CREATOR  (Openfield calcustor (Cils[EDITED  SHAPEAREA SHAPELEN ~OBJECTID | STAR Score STAR Rating -

1 [Cleveland |dcps 224 deps_224  {EESCC32E... JLAY 3/15/2317:... JLAY 3/15/2317 o 0 641 4137 3
2 langley  deps 965  dcps 370 (38A49621... JLAY 3/15/2317:... JLAY 3/15/2317-. o o 642 1426 1
3 Brightwood dcps 213 deps 213 {10343358-.. JLAY 3/15/23 17:... JLAY 3/15/2317:. 0 o 643 59.87 3
4 |Reed,Marie deps 284 dcps_284  (010474A1... JLAY 3/15/2317:... JLAY 3/15/2317: o o 644 837 5
5 |schoolWit... dcps 409  dcps 409 (9198BD09... JLAY 3/15/2317:... JLAY 3/15/2317-. o o 645 n

6 |Hyde-Addis... dcps 252 dcps 252 {00GCFAS... JLAY 3/15/2317:... JLAY 3/15/2317 o o 646 87.57 5
7 llangdon  deps 262 dcps 262 (ETDE2E9T... JLAY 3/15/2317:... JLAY 3/15/2317:. o o 647 72,65 4
8 Browne  dcps 404  dcps 404 (9459F46C-.. JLAY 3/15/2317:... JLAY 3/15/2317.. 0 o 648

9 Thomas  deps325  dcps.325  (637BESB6... JLAY 3/15/2317:... JLAY 3/15/2317: o o 649 19.94 1

show All Features

Yuri M. Zhukov GIS-PubPol
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Scatterplot

Create a new field named saz_area of type Decimal number.

Set the expression to $area

SAZ_Elementary — Field Calculator

V! Create a new field
Create virtual field

Output field name saz_area
output field length | 10
Expression | Function Editor

3

Feature | Amidon-Bowen
Preview: 12829343.502202123

automatically be turned on.

OHelp

= LA LD

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

</ predision |3

Update existing field

feature
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly

Date and Time
Fields and Values
Files and Paths

Py You are editing information on this layer but the layer is currently not in edit mode. If you click OK, edit mode will

Qcancel || ok |
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QGIS
Scatterpl

Remember to save your layer edits regularly!

1abo7 — QaIs 506

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DEBRRY (U9 L L AF e LOOR H-&-
BQV.ARBD 4/ B

R BRYRR
Layers

v I ACs_2020 |5 showin overview
show Feature Count
= Show Labels

Copy Layer

Rename Layer
] Duplicate Layer
1 Remove Layer...

Move to Bottom

Open Attribute Table
Toggle Editing

# current Edits »

Set Layer scale Visibilty..

Layer CRS ’
Export ’
styles ’

Add Layer Notes...

Properties...

Coordinate | 38.9566'77.2058" |9 Scale 175746 |~ | @ Magnifier| 100% 2| Rotation [00° | ViRender @epscase @
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QGIS
Scatterplot

Now let's intersect SAZ_Elementary with ACS_2020 to calculate intersection areas,
ainj. Go to Vector menu — Geoprocessing Tools — Intersection...

*1abo7 — QGIS
Project Edit View Layer Settings Plugins 3] Raster Database Web Mesh Progessing Help

Geoprocessing Tools I Buffer...

Geometry Tools »| % clip... =
Analysis Tools »| @ convexHull... [ 2]
Research Tools »| & Difference.

Data Management Tools | # Dissolve...

@ symmetrical Difference...
# Union...

» Eliminate Selected Polygons.

Coordinate| 38.9234°77.1726° | ¥ Scale 1:79746

~ | @ Magnifier|100% 2| Rotation [0.0°

2|V Render @epscuzs @
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QGIS
Scatterplot

For the intersection, select SAZ_Elementary as Input Layer, ACS_2020 as Overlay
layer. Then click the [...] button next to “Overlay fields to keep”

Intersection x
1 .
Parameters | Log Intersection
Input layer
SAZ_Elementary [EPSG:4326] v o

Overlay layer

ACS_2020 [EPSG:4326] | 6 Ry
Input fields to keep (leave empty to keep all fields) [optional]

Overlay fields to keep (leave empty to keep all fields) [optional]

» Advanced Parameters overlay fields to keep (leave
. empty to keep all fields)
Intersection

eate te - Python identifier:
|’ OVERLAY_FIELDS

v Open output file after running algorithm

0%
@ Help Advanced - | Run as Batch Process... @ close ‘ @Run ‘
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Scatterplot

On the next screen check the boxes next to v POP_TOTAL, v RACE_WHITE,
v' PCT_NONWHITE and v tract_area. Click OK

Parameters | Log Intersection
4| Overlay fields to keep (leave empty to keep all fields)

OBJECTID B @ok
GIsID
POP_TOTAL select All
SEXRATIO_M2F
MEDIAN_AGE Clear selection
RACE_WHITE
RACEBLACK Toggle Selection
RACE_ASIAN
HISPANIC
EMP_LABORFORCE
EMP_MILITARY
EMP_NOTLABORFORCE
UNEMPLOYMENT_RATE
MEDIAN_INCOME
POVERTY_RATE
HOUSEHOLDS_TOTAL
HOUSEHOLDS_MARRIED
HOUSEHOLDS_COHAB
SCHOOL_ENROLLMENT
EDUCATIONAL_ATTAINMENT
FOREIGN_BORN
LANGUAGE_HOME_NONENGLISH
INTERNET_BROADBAND
PCT_WHITE
V| PCT_NONWHITE
PCT_MARRIEDCOHAB
PCT_FOREIGNBORN
PCT_NONENGLISH
PCT_SCHOOLENROLL
PCT_BROADBAND
V| tract_area

ion

<

¢
rom both

<

0%

@relp || Advanced -|| RunasBatch Process... Oclose || Qrun |

M. Zhukov



QGIS
atterplot

Save the output file to SAZ_ACS_intersection.geojson, click Run

Intersection

.

Parameters | Log Intersection
Input layer This algorithm extracts the
SAZ_Elementary [EPSG:4326] - £ \J P

overlay layer
ACS_2020 [EPSG:4326] N RN

Input fields to keep (leave empty to keep all fields) [optional]
overlay fields to keep (leave empty to keep all fields) [optional]

P Advanced Parameters

Intersection
|>blem55ts/PSD7/Output ACS_intersection.geoj ‘ -

v Open output file after running algorithm

0%

©Help Advanced - || Run as Batch Process... Oclose || QRun |

GIS-PubPol
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QGIS
Scatterplot

The intersection should appear in your project window

*labo7 — Qs 5 O @
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

S e [ ® O D -

B OeppHPF s LOOR

RQViZWED 4./

Layers a®

Bl SAZ_ACS intersection
v [ Intersection
v [ ACs_2020

Coordinate | 38.9914°-77.2074° |95 Scale 175746 ~ | @ Magnifier| 100% 2| Rotation | 00° IV Render @epsGasze @
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Scatterplot

Launch the Field Calculator for SAZ_ACS_intersection

PSID  GLOBALID

224 {eesccsze
224 (eEScC32E.

224 {eEscC3E..

l224  (eEsccaze

l224  feEsccze...

224 {EESCC32E.

Show Al Features _

224 (EESCCIZE...

224 {EESCC32E...
224 {eESCC32E...

CREATOR
Ly
LAy
Ly
Ly
Iy
Iy
LAy
Ly
Jay

T =
CREATED
3/15/2317.
3/15/2317:
3/15/2317..
3/15/2317..
3/15/2317:
3/15/2317.
3/15/2317:
3/15/2317..
3/15/23 17

EDITOR
LAy
LAy
Ay
LAy
LAy
LAy
LAY
LAy
LAy

SAZ_ACS _intersection

u o e
3/15/2317:... o

3/15/2317..
3/15/2317:
3/15/2317-...
3/15/2317:
3/15/2317:
3/15/2317..
3/15/2317:
3/15/2317....

o
o
o
o
o
o
o
3

Yuri M. Zhukov

o oo oooo oo

OBJECTID

API-231

STAR Score _STAR Rating

4737
4737
4737
4737
4737
4737
4737
437

4737

GIS-PubPol

3
3
3

saz_area
1428079.583

1428079.583
1428079.583
1428079.583
1428079.583
1428079.563
1428079.583
1428079.583

1428079.583

POP_TOTAL RACE_WHITE

1648
4646
3994
an

4619
3432
2602
3031
2907

602
1503
2173
1519
1201
2003
1505
1426
1516

CT_NONWHIT =

63.470873.

67.649591

45.593390.

67.756315.

72.050227.

41.637529.

42.159877.

52.952820..

49.416082.




Scatterplot

Create a new field area_weight of type Decimal number.
Set expression to $area / tract_area. Click OK

SAZ_ACS_intersection — Field Calculator

v Create anew field

Create virtual field

Output field name

output field length [ 10
Expression | Function Editor

3

lsarea / tract_ared]

= LA 00D I

automatically be turned on.

OHelp

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

</ predision |3 B

Update existing field

feature
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly
Date and Time

Feature | Brightwood - > Fields and Values
Preview: 0.011802099778478726 (LG i
PN You are editing information on this layer but the laer s currently not in edit mode. IF you click OK, edit mode will

Qcancel || ok |
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QGIS
Scatterplot

(OPTIONAL) For the intensive transformation, create a new field area_weight2 of
type Decimal number. Set expression to $area / saz_area. Click 0K

SAZ_ACS_intersection — Field Calculator x

V! Create a new field

Create virtual field
Output field name |area_weight2
Output field type | -2 Decimal number (real)
Output field length | 10 < Precision 3
Expression Function Editor

3

= LA D T
Feature | Brightwood -

Preview: 0.029046495003049084

OHelp

Update existing field

feature
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly
Date and Time
Fields and Values
Files and Paths
Fuzzy Matching
General
Geometry

Map Layers

Qcancel || ok |

Yuri M. Zhukov
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QGIS
Scatterplot

Create a new field pct_nonwhite_saz of type Decimal number. Set expression to
sum ( (POP_TOTAL - RACE_WHITE) * area_weight,group_by:=0BJECTID) /
sum(POP_TOTAL * area_weight,group_by:=0BJECTID) * 100

SAZ_ACS_intersection — Field Calculator x

V| Create a new field Update existing fleld
Create virtual field

Output field name |pct_nonwhite_saz

Output field type | -2 Decimal number (real)

output field length | 10 < Predision 3 =

Expression | Function Editor

feature 3
geometry
id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly

Date and Time
Fields and Values
Files and Paths

= e I D A Fuzzy Matching

Feature | Brightwood % [ Eiﬂ:ﬂiry

Preview: 89.29276436791653 hiapllavers =

OHelp Ocancel || @ok |
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QGIS
Scatterplot

(OPTIONAL) Create a new field pct_nonwhite_tract2saz of type Decimal
number. Set expression to

sum (PCT_NONWHITE * area_weight2,group_by:=0BJECTID)

V! Create a new field Update existing field

Create virtual field
SN NPV Yo et nonwhite tract2saz) |
Output fieldtype | *-2Decimal number (real)  ~

output field length | 10 < Predision 3 =

Expression | Function Editor

3

Isum (PCT_NONWHITE*area weight2, group by: -] feature 3
0BJECTID) geometry
id

row_number
Aggregates
Arrays

Color
Conditionals
Conversions
DataPlotly
Date and Time
Fields and Values
Files and Paths
Fuzzy Matching
General
Geometry

Map Layers

= LA D e

Feature | Brightwood - b

Preview: 86.99803033672985

OHelp

Ocancel || @ok |
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Scatterplot

Inspect the pct_nonwhite_saz variable in the Attribute Table.
Is it constant within SAZs? If so, we're ready to join it to the SAZs

< NAME - - | update All
TED  EDITOR EDITED  SHAPEAREA SHAPELEN OBJECTID STAR Score STAR Rating saz_area  POP_TOTAL RACE WHITE CT NONWHIT tract area area_weight area weight2 1onwhite_tracl:t nonwhite s, *
17 Ay 3/15/2317-.. 0 o 641 47.37 3 1428079.583 1648 602 63.470873... 2016221386 0.002 0.002 65.283 64.132
2 [17... Ay 3/15/2317-.. o o 641 47.37 3 1428079.583 4646 1503 67.649591... 447929.044 0004 0.001 65.283 64.132
3 17 oAy 3/15/2317:. o o 641 4737 3 1428079.583 3994 2173 45.593390... 442119.023 o o 65.283 64132
4 |17 JaY 3/15/2317- 0 o 641 4737 3 1428079.583 a1 1519 67.756315... 1071051.035 0963 0722 65.283 64132
5 17.. JLAY 3/15/2317- o o 641 a7.37 3 1428079.583 4619 1291 72.050227... 382021.505 0532 0.142 65.283 64.132
6 |17... JLAY 3/15/2317:. o o 641 4737 3 1428079.583 3432 2003 41.637529... 246895.743 o o 65.283 64.132
7 |17 JlAY 3/15/2317:. o o 641 4737 3 1428079.583 2602 1505 42.159877... 274747.646 0.186 0.036 65.283 64132
s |17... JlAY 3/15/2317-. 0 o 641 4137 3 1428079.583 3031 1426| 52.952820... 437421469 0.008 0.002 65.283 64.132 |-
Show Al Features
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QGIS
Scatterplot

Now let’s import these weighted values into the SAZ_Elementary layer. Right-click
on SAZ_Elementary — Properties

*labo7 — QGIS ® 0 ¢
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DEBRERY UL RIPIA LOOR W-&-&- A E % E-m &
® Al- B

BV ZMEBD 4/ B -y =

o .o e e ™o m P ap @ p
2" BR2® R A4 P e 9 LA

Layers
CBOTEG-BAD
[/ saz g Zoom to Layer(s)

B~

Show in Overview
Show Feature Count
Show Labels

Copy Layer

Rename Layer

ERERTEEER

Duplicate Layer

1 Remove Layer...
Move to Bottom
Open Attribute Table

/|Toggle Editing

# current Edits

set Layer scale Visibilty.
Layer CRS

Export

styles

Add Layer Notes..
Properties...

b te (Ct: Coordinate | 389945°-77.2088° | saale[179697 |~ | @ Magnifier| 100% 2| Rotation [00° 2|V Render @Epscas @
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QGIS
Scatterplot

Go to Joins tab and click + to add a new join. Set SAZ_ACS_intersection as
the “Join layer”, NAME as the “Join” and “Target” field, and under “Joined fields"
select v/ pct_nonwhite_saz and v/ pct_nonwhite_tract2saz (if you created
this variable, too). Check the box next to Custom field name prefix and clear
the contents (i.e. no prefix). Click 0K

Add Vector Join x

Join layer SAZ_ACS_intersection
Join field < NAME
Target field < NAME

¥I Cache join layer in memory

Dynamic form
» | Editable join layer
v ¥ Joined fields

saz_area
POP_TOTAL
RACE_WHITE
PCT_NONWHITE
area_weight
w_pap
w_nonwhite
w_pct_nonwhite

V! pct_nonwhite_saz

V! pet_nonwhite_tract2saz

v ¥ Custom field name prefix

@Help Ocancel || @ok |

Yuri M. Zhukov API-231 / GIS-PubPol / 13



Scatterplot

You should now see the new join layer in Properties

Layer Properties — SAZ_Elementary — Joins.

Setting Value
=~ Join layer SAZ_ACS_intersection
@ information Join Field NAME
Target field NAME
38 source Cache join layer in virtual memory '
Dynami
% symbology Editable join layer
Upsert on edit
& Labels Delete cascade
Custom field name prefix
B Masks Joined fields 2
7 30 View
Diagrams
B rews
B8 Attributes Form
€Y Auwsiliary storage
& actions
® pisplay
& Rendering
€ temporal
Variables
Elevation
B/ metadata
& ||=]| 4
™ Dependencies .
) | @wvelp || style - ©apply || Ocancel |[ @ok |
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QGIS

Scatterplot

Export the layer to a new geojson file (to preserve the join). Right-click
SAZ_Elementary in layer menu — Export — Save Features As...

*labo7 — QGIS - o x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
NeBEBRRY UL RAPPH Q LUOR N-&- R0 QEXTE -0 &-
B =4 A= - R AL B
4 P e 9 ?®

Show Feature Count
= Show Labels
Copy Layer
5 RenameLayer
"} 0 Duplicate Layer
1 Remove Layer...
Move to Bottom
Open Attribute Table
| Toggle Editing
# Current Edits »

Set Layer Scale Visibility...

Layer CRS »
Export > save Features As...
styles
Add Layer Notes Save as Layer Definition File.
Properties... Save as QGls Layer Style File...
T e (ct Coordinate | 38.9696", 772057 |9 Scale 179697 - @ Magnifier 100% 2| Rotation |00° 2|V Render  @EPsGazns @

Yuri M. Zhukov



QGIS Interpolation

R Scatterplot

Save the layer as SAZ_Elementary_2.geojson with Geometry type: Polygon.
Check the box next to Extent (current: layer). Click OK
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Scatterplot

In the DataPlotly panel, set the following parameters:
Plot type: Scatter Plot; Layer: SAZ_Elementary_2; X field:
pct_nonwhite_saz; Y field: STAR_Score; Legend title: [empty]

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

DeBRRY UeppAPPD

LLAYAY 1A

Layers EL]
v A®wTa&-BAOL
[ saz_Etementary
« Crime_Incidents_in_2024
SMD_ACs_intersection
[ sAz_acs_intersection
[ intersection o
[ Acs_2020
» SMD_2022_3
H smp_2022_2
W Acs_2020
[ smp_2022

5q 8 L0C

48 %= > alE)

DataPlotly

Layer

X field
¥ field

v Properties
Legend title
Marker color
stroke color
Marker type
Point type
Opacity

Hover tooltip

Type of plot

Coordinate| 38.915°769124° % Scale| 189504 ~ | @ Magnifier| 100%

Yuri M. Zhukov

?

& Plottype |1 scatter Plot

v Plot Parameters

SAZ_Elementary_2

b ¥ IE =

Bx

Use only selected features  Use only visible features

Feature subset ..

1.2 pet_nonwhite_saz -|[e
1.2 STAR_Score -|[e
K="

Markersize 1000 | €L

N - . strokewidth [1.00 @ | €
Points -

° =
1000% -

Allvalues -

Hover label as text.

Single Plot

¢ clean Plot canvas | | D update Plot

2| Rotation 00°

Create Plot | | Configuration -

2|V Render @ epscuzs @




QGIS
Scatterplot

In the Layout Options tab, set the Dataplotly o
. ¥ Layout Options
following parameters:
%ﬂ Show legend Horizontal legend Show range slider
- ShOW Iegend : |:| (Off) Plot title Race and school performance in DC (=8
- Plot t|t|e X label Percent non-white population g
label School perf (STAR Score)) =l
Race and school performance e choolperformance (TARscorel |
b Title and labels customization
in DC Additional hover label. |w< (e
B X |a bel : Invert X axis X axis mode | Linear M
Invert Y axis ¥ axis mode | Linear >

Percent non-white population
- Y label:

School performance (STAR

Score)

¥ || set X Axis Bounds
Minimum 0.00 =R ="

Maximum 0.00 =RE"

¥ | | set Y Axis Bounds

. Minimum 0.00 =R ="
- Click Create Plot ‘ .
Maximum 0.00 =RE"
Grid color &
Type of plot Single Plot -
< Clean Plot Canvas ) Update Plot Create Plot | | Configuration ~
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QGIS
Scatterplot

The scatterplot should appear on the next screen.

1abo7— Qais 50 @

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
2 ([ME® e B0

[ 187 USSP PEPEL <

BV, ZMBRA 4 =y o

Layers ] DataPlotly

SReload | Dynamically update size A

Coordinate | 39.0003° 768646 | ¥ Scale 189504 |~ | @ Magnifier| 100% 2| Rotation |00° 2|V Render @epscazze @
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QGIS
Scatterplot

Export the image as scatterplot_race_schools.png.
It should look something like this:

@
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Loading R packages

To implement these steps in R, we will be using the sf and SUNGEO packages

library(sf)
library (SUNGEQO)

NOTE: The demo code for R is in ps07_demo.R on RStudio Cloud, and in
PS07.zip (posted on Canvas).
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Interpolation
R

Interpolation
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Interpolation
R

Loading spatial data

Let's load the single member district boundaries into R, using sf::read_sf():

smd_2022 = sf::read_sf("Data/Elections/SMD_2022.geojson")
plot(smd_2022["geometry"])
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Interpolation
R

Now load the ACS census tracts into R:

acs_2020 = sf::read_sf("Data/ACS/ACS_2020.geojson")
plot(acs_2020["geometry"])

-
P
faw=|

Y2
IR
£
HTS

NA
e
A\
‘;Zg‘ =
9
5
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Interpolation
R

...and the crime incidents data:

crimes_2024 = sf::read_sf("Data/Crime/Crime_Incidents_in_2024.geojson")
plot(crimes_2024["geometry"])
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Interpolation
R

Let's calculate relative scale and nesting metrics for a change of support from
acs_2020 (census tracts) to smd_2022 (single member districts)

SUNGEQ: :nesting(acs_2020,smd_2022,metrix=c("rn","rs"))

## $rn

## [1] 0.4594585
##

## $rs

## [1] 0.1793275

Yikes! What if we switched to (smaller) census block groups as source units?

census_2020 = sf::read_sf ("Data/Census/CENSUS_2020.geojson")
SUNGEOQ: :nesting(census_2020,smd_2022,metrix=c("rn","rs"))

## $rn

## [1] 0.6907815
##

## $rs

## [1] 0.8217758

Much better! But for consistency with QGIS, we'll stick with the tracts here.
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Interpolation
R

Let's do some point-in-polygon analysis to count crimes per SMD:

smd_20228crimes_smd_2024 = lengths(sf::st_intersects(smd_2022,
crimes_2024))

plot (smd_2022["crimes_smd_2024"])
crimes_smd_2024
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Interpolation
R

Let's interpolate population counts per SMD (this is a one-step routine in R)

smd_2022$pop_tract2smd = sf::st_interpolate_aw(acs_2020["POP_TOTAL"],
smd_2022, extensive=TRUE) $POP_TOTAL

plot(smd_2022["pop_tract2smd"])
pop_tract2smd

4000

1000
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Interpolation
R

Let's check the quality of transformation: how close are the population counts?
sum(smd_2022$pop_tract2smd) # Interpolated

## [1] 683070.1

sum(acs_2020$P0OP_TOTAL) # Original

## [1] 683154
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Interpolation
R

Let's calculate crimes per 1000 residents

smd_20228crimes_1000_smd = smd_2022$crimes_smd_2024/
smd_2022$pop_tract2smd*1000

plot(smd_2022["crimes_1000_smd"])
crimes_1000_smd
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R Scatterplot

Scatterplot
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R Scatterplot

Let's create the scatterplot

plot (x=smd_2022%competitive_topl,
y=smd_2022$crimes_1000_smd,
xlab="Top-1 competitiveness (2022)",
ylab="Crimes per 1000 residents (2024)",
main="Electoral competitiveness and crime in DC"

)

Yuri M. Zhukov API-231 / GIS-PubPol / 13



R Scatterplot

Electoral competitiveness and crime in DC
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R Scatterplot

Problem Set 7
Your assignment (if using R):
- create a scatterplot of race and Race and school performance in DC
school performance in DC!
- perform areal interpolation:
- source polygons:
AFS_2020.geojson
- y variables: POP_TOTAL and
RACE_WHITE
- destination polygons:
SAZ_Elementary.geojson
- y variables: STAR_Score
- make and export a scatterplot: | \ T |
- percent non-white on z-axis 20 40 60 80
- school STAR score on y-axis Percent non-white population
- name the file
scatterplot_race_schools_R.png
- upload map to Canvas
(by next Wednesday)

R Graphics: Device 2 (ACTIVE) - o x

School performance (STAR scores)
Q
o
o

Figure 17: Can you make this?
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