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Georeference, vectorize, and compare two maps of polygons
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Figure 1: Territorial control in CAR, 2017 Figure 2: Territorial control in CAR, 2023
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Civil war has been raging in the Central African Republic since 2012.
In 2018, Russian mercenaries started actively supporting the government.
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After 2021, pro-government forces began a series of offensives to regain control of
the country. Our question: How successful has this campaign been?

Number
u of Events

Actor Involved
v Group 30
tors 42

o
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Overview of lab exercise and problem set

1. Lab exercise
a) Georeference 2017 map (new method)
b) Re-use GCPs to georeference 2023 map
c) Create new polygon layer for government control
2. Problem set
a) Map comparing government control in 2023 to 2017
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We will use image tracing to vectorize areas of control on a crowd-sourced map
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to calculate percent of each province controlled by the CAR government in 2023
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Figure 4: CAR government control, 2023
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and 2017

CAR_2017_GOVT.png

Central African Republic (2017) -~ -
Percent under government control )
[Jo-20 va \
[ 20-40 )
[ 40-60 g §
I 60-80 e, V(4
I 50- 100 } (\L/,f —
f 57,\
<
>
N\
14
2
N
Y
A

200 mi

Figure 5: CAR government control, 2017
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You will make this map for your problem set

CAR_2023_CHANGE.png
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We have two sources of data:

Category Type Format Data source
Territorial control in CAR  Raster (non-spatial) .png Wikipedia
CAR province borders Vector (polygons) .geojson naturalearthdata.com

These are all in the PS05.zip file posted on Canvas.

Let's open QGIS. ..

Yuri M. Zhukov API-231 / GIS-PubPol / 08


https://commons.wikimedia.org/wiki/File:War_in_Central_African_Republic.svg
https://www.naturalearthdata.com

QGIS
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QGIS

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

New from Template
Open...
Open From
| OpenRecent
Close

*Untitled Project

ctrlso = *

Crlss

Properties.
| snapping Options.
Import/Export
New Print Layout.
New Report.
Layout Manager.
Layouts
Models
Exit QGIs

Ctrlsshiftsp

Ctrlsp

ctrlsQ

1 legend entry removed. Coordinate 6091189 |9 Scale 1:84388984 ~

& Magnifier| 100%

Rotation

00"

2| ' Render

# Unknown CRS
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QGIS Georeferencing

Georeferencing
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QGIS Georeferencing

Y orization

Unlike the last lab, the map we're georeferencing here has no graticule lines.
To georeference it, we'll need to use a basemap of CAR as reference.

Wiki_CAR_2017.png
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Let's open the basemap we'll be using for georeferencing.
Go to Layer — Add Layer — Add Vector Layer....
Navigate to ne_10m_admin_1_CAR.geojson in Data/World

Data Source Manager — Vector

QGIS Georeferenci
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@Help
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QGIS

This will load province-level boundaries for CAR
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QGIS

Georeferencing

To open the georeferencer, click on Layer — Georeferencer
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QGIS Georeferen

This will open an empty Georeferencer window.
To open our PNG image, go to File — Open Raster

Georeferencer P © €
73] Edit View Settings
Reset Georeferencer z A @J ;E
Ctrl+O
P Start Georeferencing Ctrl+G
& Generate GDAL Script Ctri+C
% Load GCP Points... Ctrl+L
% Save GCP Points as... Ctrl+s
Close Georeferencer ctrl+Q
GCP table @
Enabled « ID Source X Source Y Dest. X Dest. Y dX (pixels) dY (pixels) Residual (pixels)
Open raster Rotation | 0.0° | Transform: Not set 401 EPSG:
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Cancel
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% Downloads
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QGIS

Georeferencing
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QGIS Georeferencing

The map image will appear in the Georeferencer’s top pane.

Georeferencer - Wiki_CAR_2017.png 5 6 @

File Edit View Settings
:.:, \,; ‘» = B8 @ e

angui e

ol Al R
GCP table @®
Enabled ~ ID  SourceX  SourceY & Dest.X  DestY  dX(pixels)  dY (pixels)  Residual (pixels)

i_CAR_2017.png Rotation | 0.0° < Transform: Not set 12122 None
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QGIS Georeferencing

Transformation Settings x

‘Transformation Parameters

Go to Settings menu —

Tr ans f ormat 1 on sett 1ngS Transformation type | Polynomial 2
Target CRS EPSG:4326 - WGS 84
Output Settings
output file bpbox/HKs/Teaching/API231/Problemsets/Ps05/Data/Control/ I T ARl < |
S et Resampling method | Nearest Neighbour
Compression zZw

- Transformation type =
Polynomial 2 e
- Target CRS = EPSG:4326 -
WGsS 84

Generate PDF map

- Output file = select a folder,
name the output file OM o
Wiki_CAR_2017_georeferenced.tif m—
- Resampling method =
Nearest neighbor
- Compression = LZW
- v/ Save GCP points
- v Load in QGIS when done

Click 0K
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QGIS Georeferencing

Try to set up the interface so that the Georeferencer window (left) and Project
window (right) are both visible, or at least accessible, on your screen

“labos — QGIs.
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QGIS Georeferencing

Let's place our first ground control point (GCP) at the southern-most tip of CAR.
Click the point marked in red in the Georeferencer (left)

IK_CAR_2017.png
File Edit View Settings

LA RN Tt UAPPL

¥/ ne_1om_admin_1_car \ 4

acp table
Encbled - 1D SourceX  SourceY | DestX  Dest.Y | dX(pixels) Y (pixels) | Residual pixels)
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QGIS Georeferencing

Rather than entering the x and y coordinates manually, click From Map Canvas

Enter Map Coordinates X

Enter X and Y coordinates (DMS (dd mm ss.ss), DD (dd.dd) or projected coordinates
(mmmm.mm)) which correspond with the selected point on the image.
Alternatively, click the button with icon of a pencil and then click a corresponding
point on map canvas of QGIS to fill in coordinates of that point.

X [/ East
Y / North
EPSG:4326 - WGS 84 v

v| Automatically hide georeferencer window

|,-f’ From Map Canvas | Ogancel
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Georeferencing

QGIS

The view will switch to the Project window. Click the corresponding point on the

administrative boundaries layer

*labos — QGIS.
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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Browser CE
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QGIS Georeferencing

The coordinates you selected will automatically appear in the Enter Map
Coordinates window. Click OK

Enter Map Coordinates x

Enter X and Y coordinates (DMS (dd mm ss.ss), DD (dd.dd) or projected coordinates
(mmmm.mm)) which correspond with the selected point on the image.
Alternatively, click the button with icon of a pencil and then click a corresponding
point on map canvas of QGIS to fill in coordinates of that point.

X /East |16.19037051945267791
Y / North |2.24784559479747559
EPSG:4326 - WGS 84 v

v| Automatically hide georeferencer window

# From Map Canvas | | @Cancel | @
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QGIS Georeferencing

Repeat this process for every three-way provincial border intersection, and as many
recognizable outer boundary points as possible, until the GCPs have broad coverage
(there are 32 GCPs in the example shown here)
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Georeferencing

QGIS

Once you have a critical mass of GCPs, click on Start georeferencing (»)
button. If the process is successful, you will see a notification at the top

“lab
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Georeferencing
Vectorization

QGIS

Before closing the Georeferencer window, let's check the quality of fit.
Back in the Project window, move the boundaries above the georeferenced raster in
the Layers menu

; tabos — Qs seox
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Project. Edit View Layer Seltings Plugins Vecigr Boster Database Web Mesh Progessing Help
= 2 o B ® O %2 VDo
® O ‘> JDEERRY DPL2LRAPK Q (1 o

4 %6 %% Tt U2PPR
L LA ALY

File Edit View Settings

Browser @
Favorites

» (" Spatial Bookmarks I

» B8 Project Home

Home N
/
© Geopackage o

Layers @®

_10m_admin_1_
(MultiPolygon - EFSG:43;
|/home/zhukoy/Dropbox/HKS/
Teaching/API231/ProblemSets/|

Gep table
Encbled = 1D SourceX  SourceY  Dest.X  Dest.Y  dX(pixels) dY (pixels) s e
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QGIS Georeferen

Let's make the countries layer semi-transparent. Double-click on the layer, go to
Properties — Symbology. Set Opacity = 50

Layer Properties — ne_10m_admin_1_CAR — Symbology

= single symbol

@ information |

[ simple Fill
33 Source
& symbology

Opacity [l50. PRCHE R =8

unit | Millimeters

-
" Diagrams
. Fields Favorites

- Attributes Default
Form

o %

L ek

B Actions sradient plasma aray3fill hashed black/ hashed black\
® pisplay
¥ randeivg D I:] D
€8 Temporal

Variables hashed blackX outline blue outline green outline red
<1 elevation Save symbol...| | Advanced -
B/ metadata

b Layer Rendering

T8 Dependencies I YTNPRT VI @Apply || Ocancel || QoK |
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Check the quality of the fit. If you see any problematic mis-alignments, go back to
Georeferencer, add more GCPs and run it again. The fit here seems ok. ..
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QGIS Georeferencing

Let's now georeference the second map. To open a new Georeferencer window, go
to File — Reset Georeferencer (or just open and re-launch the window)

Georeferencer - Wiki_CAR_2017.png
G Edit_View settings

B, Open Raster... ctrlso
Open Vector.

» start Georeferencing crrlsc

& Generate GDAL script ctrlsc

& Load Gep Points. crlst

& Save GCP Points as.. ctrles
Close Georeferencer auta |\

Gep table X
Enabled ~ ID | SourceX  SourceY  DestX  DestY | dX(pixels) dY(pixels) Residual (pixels) =
v 0238879720 -1054.9921 16.190371 2247846 15611 2.401464. 2.864309
v 1/302.991169 -819.170945 16733829 4250812 0.550439  -0.176884 0578162
v 2 380728007 -885.885395 17.410187 3681248  -0.163906 0457141 0.485636
v 3338182706 -728.998911 17.036489 5.024526 0030668 0132213 0.135723
v 4278730260 699.980967 16.525017 5275760 0920594 0378520 0.995374
v 5 278.042738 -665.625220 16513518 5.572771 0199365  -0.596539 0.628971
v 6329745465 -631917643 16.978267 5858610 1618218 0151781 1.625320
v 7 520793305 645.806998 18.633639 5731245 0432135 0818943 0.925963 c
Rotation [0.0° || Transform: Poynomial 2 Mean error: 168038 387,2  None
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To open the other PNG image, go to File — Open Raster

lfl] Edit View Settings
Reset Georeferencer

Open Vector..

» Start Georeferencing
& Generate GDAL Script
% Load GCP Points...

% Save GCP Points as...

Close Georeferencer

GCP table

Enabled + ID Source X

Open raster

ctrl+G
ctrlsc
ctrlsL
Ctrlss
ctrlsQ

Source Y

QGIS

Georeferencing

Georeferencer - Wiki_CAR_2017.png

wfo (UP P
Open Raster. ctrl+o

Dest.X  Dest.Y  dX(pixels)

o vag | f

dY (pixels)

Rotation |0.0°

Residual (pixels)

| Transform: Polynomial 2 Mean error: 1.68038

176,262

None.

=]
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QGIS Georeferencing

Navigate to the Wiki_CAR_2023.png image in Data/Control. Click Open

Cancel

Recent
Home
Documents

4 Downloads
Music

3 Pictures

Videos

Dropbox

+ Other Locations

Open Raster

Gizhukov Dropbox HKS ~Teaching ~API231 ProblemSets PSO5S Data  Control

CAR_2017.png

CAR 2017_georeferenced.tif
CAR_2023.png

Allother files
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Georeferencing

QGIS

Because the dimensions and extent of this map seem identical to the previous one,
we will try to reuse the same GCPs. Go to File menu — Load GCP Points...

5 Edit View Settings

Reset Georeferencer > m
g U

Open Raster. ctrl+0

Vz Open Vector..

» start Georeferencing Ctrl+G
& Generate GDAL Script ctrisc
', Load GCP Points. CrisL

& Save GCP Points as.. ctrlss

Close Georeferencer ctri+Q

o Ant-hlka (GP0) /
‘ZATcan Repubic Il War (s of 21 November 2073)

Feated sv Fovems
GCP table @8
Enabled + ID Source X Source Y  Dest. X Dest.Y  dX (pixels) dY (pixels) Residual (pixels)
Load GCP points Rotation 0. ansform: Polynomial 2 Mean error: 1.68038 74,0 None

08
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QGIS Georeferencing

Navigate to the file Wiki_CAR_2017.png.points in Data/Control. Click Open

Cancel Load GCP Points

0 Recent < fiizhukov Dropbox HKS Teaching API231 ProblemSets PSOs Data Control

G} Home

B Wiki_CAR_2017.png.points 58kB Text 1511
[® Documents

2 Downloads
11 Music

& Pictures

B Videos
EJ Dropbox

+ Other Locations

GCPfile v
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Georeferencing

QGIS

If the import was successful, you should see the same GCPs reappear in the
Georeferencer window

Georeferencer - Wiki_CAR_2023.png
File Edit View Settings

LA A" s Op LD LS

[ % Load GCP Points: GCP file successfully loaded. (=]

e I
Y -
= M T e O N
GCP table 2|
Enabled -~ D SourceX  SourceY  Dest.X  Dest.Y  dX(pixels)  dY (pixels)  Residual (pixels) E
v 0 238.879720 -1054.9921 16.190371 2.247846 1.561165 -2.401464 2.864309
v 1 302.991169 -819.170945 16.733829 4.250812 0.550439 -0.176884 0.578162
v 2 380.728007 -885.885395 17.410187 3.681248 -0.163506 -0.457141 0.485636
v 3 338.182706 -728.998511 17.036489 5.024526 0.030668 -0.132213 0.135723
v 4 278.730260 -699.980967 16.525017 5.275760 0.920594 -0.378520 0.995374
v 5 278.042738 -665.625220 16.513518 5.572771 0.199365 -0.596539 0.628971
v 6 329.745465 -631.917643 16.978267 5.858610 1.618218 -0.151781 1.625320
v 7 520.793305 -645.806998 18.633639 5.731245 0.432135 0.818943 0.925963

Rotation |0.0° | Transform: Polynomial 2 Mean error: 1.68038 740 None




QGIS Georeferencing

Transformation Settings x

‘Transformation Parameters

Go to Settings menu —

Tr ans f ormat 1 on sett 1ngS Transformation type | Polynomial 2
Target CRS EPSG:4326 - WGS 84
Output Settings
output file bpbox/HKs/Teaching/API231/Problemsets/Ps05/Data/Control/ IR PEN TSRl < |
S et Resampling method | Nearest Neighbour
Compression zZw

- Transformation type =
Polynomial 2 e
- Target CRS = EPSG:4326 -
WGsS 84

Generate PDF map

- Output file = select a folder,
name the output file OM o
Wiki_CAR_2023_georeferenced.tif m—
- Resampling method =
Nearest neighbor
- Compression = LZW
- v/ Save GCP points
- v Load in QGIS when done

Click 0K
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QGIS Georeferencing

If everything looks fine, click on Start georeferencing (») button

Georeferencer - Wiki_CAR_2023.png

N
S An-hlia (G0) J
Certral ~Aican Repubic: Rl WaT (a5 o 27 November 2073)
o oo
® recacam g o

& bt cord 3 ot

[ pomated

GCP table @
Enabled » ID  SourceX  SourceY = Dest.X  Dest.Y  dX(pixels) = dv (pixels)  Residual (pixels) E
v 0 238879720 -1054.9921 16.190371 2.247846 1561165 -2.401464 2.864309

v 1 302.991169 -819.170945 16733829 4250812 0.550439  -0.176884 0578162

v 2 380.728007 -885.885395 17.410187 3.681248  -0.163906  -0.457141 0.485636

v 3 338182706 -728.998911 17.036489 5024526  0.030668  -0.132213 0135723

v 4 278.730260 -699.980967 16.525017 5.275760  0.920594  -0.378520 0995374

v 5 278.042738 -665.625220 16513518 5572771 0.199365  -0.596539 0.628971

v 6 320745465 -631.917643 16978267 5858610 1618218 -0.151781 1.625320

v 7 520.793305 -645.806998 18.633639 5.731245  0.432135 0.818943 0925963 e
Start georeferencing Rotation | 0.0° < | Transform: Polynomial 2 Mean error: 1.68038 9898 None




QGIS Georeferencing

You will see a notification at the top once the georeferencing is complete

Georeferencer - Wiki_CAR_2023.png
@
s 04

Raster was su fully georeferenced. (x]

» ot v

S An-hlia (G0) J
Certral ~Aican Repubic: Rl WaT (a5 o 27 November 2073)
o oo
® recacam g o

& bt cord 3 ot

[ pomated

GCP table

@x
Enabled » ID  SourceX  SourceY = Dest.X  Dest.Y  dX(pixels) = dv (pixels)  Residual (pixels) E
v 0 238879720 -1054.9921 16.190371 2.247846 1561165 -2.401464 2.864309

v 1 302.991169 -819.170945 16733829 4250812 0.550439  -0.176884 0578162

v 2 380.728007 -885.885395 17.410187 3.681248  -0.163906  -0.457141 0.485636

v 3 338182706 -728.998911 17.036489 5024526  0.030668  -0.132213 0135723

v 4 278.730260 -699.980967 16.525017 5.275760  0.920594  -0.378520 0995374

v 5 278.042738 -665.625220 16513518 5572771 0.199365  -0.596539 0.628971

v 6 320745465 -631.917643 16978267 5858610 1618218 -0.151781 1.625320

v 7 520.793305 -645.806998 18.633639 5.731245  0.432135 0.818943 0925963 e
Start georeferencing Rotation | 0.0° < | Transform: Polynomial 2 Mean error: 1.68038 =512,0 None




QGIS Georeferen

Back in the Project window, both georeferenced rasters should be in the Layers
menu.
Now let's vectorize the raster (create polygons of government control)

*labos — QGIS

Project Edit View Loyer Settings lugins Vecior aster Datsbase Web Mesh Progessing Help
e [ o 3 v
ERE UeLLRPPPA !

LLRAYAY 1%

Browser CE]

IR T
Favorites

» [* spatial Bookmarks

» [ Project Home

» [& Home

@ GeoPackage

/ spatiaLite

@ onctaresol
Layers @®

Wiki_CAR 2023 georeferen
» V3 Wiki_CAR_2017_georeference

ik
e Respe:

Racoima
.

M‘c!'y?"
Central African Republic Civil War (as of 24 Nov¢
®Government and allies| Rebel groups:

R
Armed forces Anti-balaka (CPC) @ cavial "
“Miusca o Pecueceie B )
iner Group N _,
- Black Russians ® Sub-prefecture capiial gm cf
d > Park tznners « Gthersettlement

13.63° | Scale 1:4214955 2| v Render @Epscianze @

Yuri M. Zhukov API-231

Coordinate | 4. Rotation |0.0

08

Magnifier 100%

GIS-PubPol




Vectorization
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QGIS

Vectorization

Go to Layer — Create Layer — Create New Shapefile Layer...

abase
Crl+L

ter

Create Layer Ctrlsshift+N

W@V, A4 addLayer

Embed Layers and Group:

/7 New SpatiaLite Layer.

Add from Layer Definition File... # New Temporary Scratch Layer...
Browser . .
S, Georeferencer... B New Mesh Layer.
e= Copy Style %2 New GPX Laye
Favorites
» ¥ spatial Bookmark
» [ Project Home Copy Layer
» [@ Home
@ Geopackage Open Attribute Table F6
/ spatialite Filter Attribute Table
® ocrara
poctaresol J Toggle Editing
Layers
PR

* Wiki_CAR_2q  SaveAs.

M Band 1 (Red)|  save As Layer Definition File.
Band 2 (Greer
M Band 3 (Blue)
» v/ wiki_cAR_2q [ Duplicate Layer(s)

set Scale Visibility of Layer(s)
Set CRS of Layer(s) Ctrlsshiftsc

Set Project CRS from Layer

Bangassou

1 Remove Layer/Group Ctrl+D

Central African Republic, May 2017
@|Government forces @] UPC
[©]Anti-balaka @] FopPc

Layer Properties

Filter. ctilsf
 Labeling iR
©2 Show in Overview @IMPC 1
oo show Allin Overview
©3 Hide All from Overview
Coordinate| 33471304 | Scale|1:4259740  ~ | (@ Magnifier| 100% 2/ Rotation |0.0° </ v/ Render @EPSG4326 @
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QGIS Vectorization

Set
- File name = CAR_2017_control.shp in Output folder
- Geography type = Polygon
- select EPSG:4326 - WGS 84 for the CRS

File name p |
File encoding uTF-8
Geometry type Polygon
Additional dimensions © None 2 (+ Myalues) Mvalues
EPSG:4326 - WGS 84 - | A

New Fleld

Name

Type | < Text (string)

Length 80 Precision
Flelds List

Name Type Length Precision

id Integer 10

@relp Ocancel [ Qok |
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QGIS Vectorization

Let's add a new field to the attribute table:
Name = Group, Type = Text. Click Add to Fields List

New Shapefile Layer x

File name /Dropbox/HKs/Teaching/API231/Problemsets/PS05/Output/CAR_2017_control.shp
File encoding UTF-8 -
Geometry type Polygon T
Additional dimensions * None Z (+ Mvalues) Mvalues
EPSG:4326- WGS 84 - &

New Field

Name (TS J

Type | sbe Text (string) -

Length 80 Precision

Add to Fields List

Fields List

Name Type Length Precision

id Integer 10

@Help © cancel \W\
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QGIS

Vectorization

Click 0K

File name /Dropbox/HKS/Teaching/API231/Problemsets/PS05/0utput/CAR_2017_controlshp
File encoding UTF-8 -
Geometry type Polygon -
Additional dimensions ® None Z (+ Mvalues) Mvalues
EPSG:4326- WGS 84 -
New Field
Name |

Type | sbcText (string)

Length 80 Precision
Fields List
Name Type Length Precision
id Integer 10
Group String 80
@Help

Yuri M. Zhukov




QGIS

Vectorization

Let's enable snapping. View menu — Toolbars — Snapping Toolbar

Project Edit |
[) i ] Newmap iew
30 Map Views

B @ V| Glpanmap

& Pan Map to Selection

Zoomin
Browser o ot

# zoom Ou
1RTH

%, 1dentify Features

Favorites

» " SpatialBo _ Measure
» [ Project Hq 3 Statistical summary

* @ Home Elevation Profile

@ Geopacke| ¥4 Zoom Eull
7 Spatialite| £
Layers

Zoom to Selection

£ Zoom to Layer(s)

£ Zoom Last

Decorations
Preview Mode
Show Map Tips

1, New Spatial Bookmark.

" Show Spatial Bookmarks
" Show Spatial Bookmark Manager
2 Refresh
Layer Visibility
Panels
Toolbars
Toggle Full Screen Mode
Toggle Panel Visibility
‘ Toggle Map Only

ctrlsm

CtrlsAlte+
CtrlsAlts
Ctrlsshiftst

Ctrlsshift+F
ctris)

ctrlss
Ctrlsshift+

Fi1
ctrlsTab
ctrlsshiftsTab

Layer _Settings Pplugins Vector Raster Database Web Mesh Progessing Help

e
Bossangoa

BOZOUA A i

ffﬂz(

fndac,

. Ja N\
‘Advanced Digitizing Toolbar
Annotations Toolbar
V) Attributes Toolbar
¥ Data Source Manager Toolbar
Database Toolbar
V! Digitizing Toolbar
¥ Help Toolbar
! Label Toolbar
Manage Layers Toolbar
¥/ Map Navigation Toolbar -
Mesh Digitizing Toolbar
Plugins Toolbar
Project Toolbar
Raster Toolbar

& maonifier 100%

Selection Toolbar
Shape Digitizing Toolbar

! Vector Toolbar
' Web Toolbar

Central African Republic, Me
[®/Government forces @] UP
[O] Anti-balaka @] Fot
[®|FPRC [®l3RrR
@RI [@IMP¢
[®IRPRC

Rotation |0

2| viRender @epscass @




QGIS Vectorization

Click on the "Magnet button in the toolbar

*labos — QGIS - =] x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
S e e @ O 3 D . & ey =
DEEREY e LLAPK jd (I < 8- A B IE-=-

RV A MEBR

Browser CE]
iR
Favorites =

Spatial Bookmarks
« Project Home
4) Home

/ ~
@ GeoPackage
/ SpatiaLite
@ onctarasol
Layers L]

M Band 1 (Red) Hoda

Band 2 (Green) S
M Band 3 (Blue) it
» VI & WIki_CAR_2017_georeference

L ® anguli o
“Whaiki@® Central African Republic, Ma

s [@|Government forces  [@] UP(

| Anti-balaka [®] FDH

1 [@/FPRC [®]3rR

i
\ ®/RJ ©|MP(
. S~
7 5 N RPRC
Coordinate | 6918°13.631° |9 Scale 13031802  ~ | @ Magnifier| 100% 2| Rotation |0.0° 3| V/Render @EPSG4326 @
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QGIS

Vectorization

For the other Snapping toolbar buttons, set the following parameters:

- v Active Layer

*lab05 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
- o [T ® O ¥ v (T o
[ Bhm ULppLpHPL d Lo

RV ZRER /

T7-Bophranga All Layers

Browser a®
2 >
l R T > PN - Active Layer
Favorites < . 5 % Advanced Configuration

)

» [ spatial Bookmarks
» [ Project Home

- v Vertex
- v/ Segment

g = Open Snapping Options...
RAZoIM 3 T

+lab0s — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
= S ® O D0 ~ T

AR QPP HPP A LMY

LAY 1Y

VVertex < \\ / ‘N; \\/'

Browser om
1T Segment (
J “\{wibres BI

Favorites. < Area / Ip v '
» [* spatial Bookmarks * Centroid ® e {
» [9 Project Home Middle of Segments
» [@ Home . b N
=y Line Endpoints Bibut Bambari@)

T - =
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QGIS Vectorization

- v/ Enable Topological Editing

*labos — QGIS _ o ox

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

DEEmRREY OSLLIAPL Sa LPOR H-8-6- A B

RQV.ZwBER

Browser ) ~Boghranga
IR T® \/\
Favorites < / o™

- v/ Enable Snapping on Intersection

*labos — QGIS ® 0O ¢
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
Y = o (Mg ® © %D M0 (D) £ ¥
DEERRE Qe 2LHAPP Y 4 LOoR 5 A E %2 v

LAY / ® 2 B

Q| VvV 12 ® -
Browser &% “-Beghranga 5 T~ f <
T T AT AL e e L
- v Enable Tracing

*labos — QGIS X-X-

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

DoBREK O L2LAPS d LUoR

RQV.ZwBER

Browser ) T~Boghranga
LT b)
/
Favorites = / ¢
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QGIS Vectorization

Let's go into editing mode.
Right-click on CAR_2017_control in Layer menu — Toggle Editing

*labos —

jiew Layer Settings Plugins Vector Raster Database Web Mesh Progessing
B¢ O
LAY %

Browser EE)
IR T |
Favorites e

» [* spatial Bookmarks

» [9 Project Home

» [@ Home §

yo/ |-
@ GeoPackage
/ spatiaLite
@ poctarasnl

Layers

- \
[ | :a": ; g 2 Show in Overview ®
an: .
Show Feature Count Berberati
Bl Band 3 (¢ || Show Feature Count !

» IV 1 wiki_cA| @ Show Labels
Copy Layer

Central African Republic, Ma
[@]covernment forces (@] UPX
[©] Anti-balaka [@] FOF

/| [@FPRC [®]3rR

@RI 1@ MPC

: pal— \ [®/RPRC

e to locacd 13975 . B g B e
Set Layer Scale Visibility. . te of the current laye Coordinate| 6.902°13.975° |9 Scale 1:3031802 & Magnifier| 100% 2| Rotation | 0.0 <V Render EPSG4326 @
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Rename Layer
L Duplicate Layer
1 Remove Layer...
Move to Bottom

Open Attribute Table




QGIS Vectorization

This will activate the Editing Toolbar

*labos — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessins

DeBREX DL HPPL N L e N- 8- - AERIE-=- &
LAY N RLAY R k- B s A & 28
R ERgIRRE @@ 1¢ dp ae K 2 o - ® u
Browser
iRTR
Favorites 3

» [* spatial Bookmarks

» [9 Project Home

» [@ Home §

yo/ |-
@ GeoPackage
/ spatiaLite
@ poctarasnl

Layers L]

¥ R §
[ Band 1 (Red) k \be
Band 2 (Green) Ly .
M Band 3 (Blue) OBerr rati
[

» VI ¥ wiki_CAR_2017_georeference

Central African Republic, Ma
[@]covernment forces (@] UPX
@ For
/| [@FPRC [®]3rR

@RI 1@ MPC

oS [@RPRC

Type t te (Ct Coordinate| 451°1428° |9 Scale|13031802 |~ | @ Magnifier| 100% | Rotation |00° <|[vIRender @EPsG:a326 @
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QGIS Vectorization

Click on the Add Polygon Feature icon (looks like a "blob" and a star, just to the
right of the pencil, on the Editing Toolbar)

*labos — QGIS

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

DEBRRY PP PRPP LOOR §-8 60 QE#TE = 6-
R@V.ZRED 4/ i “w %= ® 2 B
MB-BRQYRARRER P @A 9 12 =lox ®

Tip: you may also want to hide the inactive layers while you vectorize.
For example, you don't need (for now) the administrative boundary basemap
(ne_10m_admin_1_CAR) or the 2023 raster (Wiki_CAR_2023_georeferenced). In
the Layer menu, uncheck the boxes next to everything other than
CAR_2017_control and Wiki_CAR_2017_georeferenced
v/ [l CAR_2017_control
ne_10m_admin_1_CAR
’ ¥ wiki_CAR_2023_georeferenced
» v/ i Wiki_CAR_2017_georeferenced
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QGIS Vectorization

Make sure CAR_2017_control is highlighted in the Layer menu. Start tracing the
pink area (representing government control) by left-clicking on its boundary

*labos — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessi

DoBRERX 0P2LHPP QR (LK 58G-S QEBIE-E -
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Favorites
» [ spatial Bookmarks
» [¥ Project Home
» [@ Home
,

@ GeoPackage
/ spatiaLite
@ poctarasnl
Layers L]

M Band 1 (Red)
Band 2 (Green)
l Band 3 (Blue)
» VI ¥ wiki_CAR_2017_georeference

Bt
ey

L

‘ : ot

Type t te (Ctrl+ Coordinate| 569716853 |¥ Scale|1:453453 |~ | @ Magnifier| 100% | Rotation |00° <|[vIRender @EPsG:a326 @
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QGIS

Vectorization

As with polylines, each feature you create is a set of inter-connected line segments.
The difference with polygons is that they are “closed sets” of vertices, meaning that
the end point will be at the same location as the start point

*lab05 — QGIS 50 @
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DEBRREY U$PLLHPPLH L LOOR N-&-0- A E#IE - =5 &-
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MB-BR® e P u
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 Project Home
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» [V I wiki_CAR_2017_georeference

Yalnoke
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QGIS Vectorization

Each left-click ends one straight-line segment and begins another (make sure you
add enough segments to capture the curvature of the border). As you keep adding
vertices, the polygon will gradually take shape

*labos — QGIS (=
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Proges:
DEBRRE 0SPPAPP 4 LEO2 H- 8 &% QEKIE-=-96
BV Z B R [® g - ¢ e @ e B
M R-BRQ S| v [V ]2 2l px - ® -
Browser |\-
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 Project Home
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@ GeoPackage
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@ poctarasnl
Layers

_.,_?I ’J
Wwe
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Band2(Green) @ R Tt ke
Meand3Ble) @ A et
» VI ¥ wiki_CAR_2017_georeference
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QGIS Vectorization

Every once in a while, you'll see 's appear while creating a new feature. This
typically means one of two things:

1. The polygon has a self-intersection
2. You placed multiple vertices in the same location (by clicking twice)

These are both considered geometry errors, and should be avoided.
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QGIS Vectorization

Sometimes (but not always), self-intersections “untangle” themselves as you add
more vertices and refine the shape of the polygon:
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QGIS Vectorization

With duplicate vertices, you'll need to go back to get rid of the double point (by
clicking delete/backspace)
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QGIS

Vectorization

As you approach the end of the loop, right-click to add the feature. You'll be
prompted to fill out the field information

*labos — QGIS

or Raster Database Web Mesh Progessing Help
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O
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Coordinate| 487°17.693° |¥ Scale|1:873607 | ~ | @ Magnifier| 100% 2| Rotation [00° &
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QGIS Vectorization

For the id field, enter the number of the polygon (e.g. "1" if it's the first one you
created). For Group, enter GOVT.

CAR_2017_control - Feature Attributes x

id 1
Group |m |

Ocancel | QoK |
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QGIS

Vectorization

The new feature should appear on the map
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QGIS

Vectorization

Save your progress by right-clicking on CAR_2017_control in the Layer menu, and
selecting Save Layer Edits.

*labos —

Raster Database Web Mesh Progessing
e LOUOR

jiew Layer Settings Plugins Ve
BRE O848
LAY 1%

o . & & ( €
MB-BR®
Browser
iR HE

Favorites
» 1" spatial Bookmarks
» [ Project Home /‘
» &) Home
,

L)

—Q
@ GeoPackage Bozoum
/ spatiaLite §
@ poctarasnl = >

Layers

®. T, &~ it

M Band 1 (Red! 2 show in Overview J Gambo
Band 2 (Greg 13 (
M Band 3 (Blud || Show Feature Count N
» VI 2 Wiki_CAR_Z @ Show Labels % L~
Copy Layer - -
Central African Republic, May 2

Rename Layer

[®@|covernment forces (@] UPC

L Duplicate Layer
Remove Layer... [O]Anti-balaka @ rorc
Move to Bottom .

Open Attribute Table ~ Ii FPRC ESR
Toggle Editing - @RI [@mPc
[®IRPRC

< ¥ current Edits
- <|[v/Render @epscasze @

Coordinate| 4.1°,12.959° |9 Scale |1:3381076  ~ | @ Magnifier| 100% 2| Rotation [0.0°

Yuri M. Zhukov API-231 / GIS-PubPol / 08




QGIS Vectorization

Repeat the same steps for the other government-controlled area in the east of the
country (there should be two such polygons total in the 2017 map)
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QGIS

Vectorization

The attributes here should be id = 2 and Group = GOVT
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QGIS Vectorization

Here's how the vectorized polygons should look when you're done (reactivating the
ne_10m_admin_1_CAR layer for context)

*labos —

jiew Layer Settings Plugins Vector Raster Database Web Mesh Progessing

BRE O848 Sd e M AE¥ZIE = &-
CEXAAY 1 - = @~
NG =) I ge @ 9 2 ox = ® g
Browser @®
N -

Favorites 3

» [* spatial Bookmarks

» [9 Project Home

» [@ Home

,

@ GeoPackage

/ spatiaLite

@ poctarasnl =
Layers an
PR -5 Ns)

M Band 1 (Red)

Band 2 (Green)
M Band 3 (Blue)
¥ Wiki_CAR_2

Type t te (Ctrl+ Coordinate| 634°14.04° | Scale | 1:5895442 |~ | @ Magnifier| 100% 2| Rotation |0.0° :| V/Render @EPsGazze @
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QGIS

Vectorization

Save your progress (again) by right-clicking on CAR_2017_control in the Layer
menu, and selecting Save Layer Edits.

*labos

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

DEERRY UL LHPP Y L [} g H-&- -G vEm- e @
-|%R % - B = g g @ e B
i % %® ) 2 </px -

Browser
IR T |
Favorites e

Spatial Bookmarks
“ Project Home
5 Home

@ GeoPackage

/ spatiaLite

@ poctarasnl
Layers

M Y

v | ne_1(  ZoomtoLayer(s)

ki
M Band| ©3 show in Overview

Band|
M Band
¥ wiki

Show Feature Count
= Show Labels
Copy Layer

Rename Layer
L Duplicate Layer
1 Remove Layer...
Move to Bottom
Open Attribute Table
Toggle Editing

‘ # Current Edits »

Coordinate| 335°1434° | Scale[1:5895442 | ~ | @ Magnifier | 100% 2| Rotation [00° <|[vIRender @EPsG:a326 @
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Vectorization

Turn off editing mode by right-clicking on CAR_2017_control in the Layer menu,
and de-selecting Toggle Editing.

*labos

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

DeBREN 082 RPP YA LOOR N-8-G- & -
REV.ARBD AR 8 =ea=
MR- BRQRR S = > }¢ ae ap S| v [V ex
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N -
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Spatial Bookmarks
“ Project Home
5 Home

@ GeoPackage

/ spatiaLite
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Layers
) /
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M Band 1 (Red) | ©2 show in Overview J\
Band2 (Green) gy eature Count !
l Band 3 (Blue) = VS [
¥ wiki_CAR_201 = Show Labels 7 “(
Copy Layer § s
Rename Layer y S
?
L) Duplicate Layer L
1 Remove Layer...
Move to Bottom
Open Attribute Table
/] Toggle Editing
# current Edits ’
b 4 lecurrent layer  Coordinate | 335°14.34° | ¥ Scale|1:5895442 | ~ | @ Magnifier| 100% | Rotation |00° <|[vIRender @EPsG:a326 @
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QGIS Vectorization

Let's calculate the percent of each province under government control.
Open the Processing Toolbox (Geoprocessing menu — Toolbox)

*labos — QGIS

Project Edit View Layer gettings Plugins Vector Raster Database Web Mesh |Zid<it] Help

DEERRY N2ALP PO A T

Ctrl+Alt+T

#= Graphical Modeler... ctrl+alesG |
BV ZARmEB R V. History. CerlealesH
Results Viewer Ctri+Alt+R .

Edit Features In-Place
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Vectorization

In the Processing Toolbox in the right, double-click on Overlap analysis in
the Vector analysis sub-menu

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DoBREN 088 2 L
BV, Z BN y = o
[ Q| V| V12 2l px

g H-&- -G

Browser EE] Processing Toolbox EE]
IR T | e N
Favorites 3

Spatial Bookmarks
“ Project Home
5 Home

Q Database

Q File tools

Q@ aps

@ Interpolation

@ Layer tools

Q@ Mesh

Network analysis
Plots

@ GeoPackage
/ spatiaLite
@ poctarasnl
Layers
@ Raster analysis
Q Raster creation
@ Raster terrain analysis
Q Raster tools
@ Vector analysis
Basic statistics for
climb along line
3 Count pointsin pol...
DBSCAN clustering
A Distance matrix
Distance to neares

=

# Wiki_CAR_2023,
M Band 1 (Red)

Band 2 (Green)
l Band 3 (Blue)

¥ wiki_CAR_2017,

K-means clustering
List unique values
3 Mean coordinate(s)
Nearest neigh
Overlap analysi
Shortest line betwe
ST-DBSCAN clusteri...

Type t te (Ctrl+ Coordinate | 467°29° | ¥ Scale | 1:6041830 | ~ | @ Magnifier| 100% | Rotation |00° <|[vIRender @EPsG:a326 @
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QGIS

Vectorization

In the Overlap Analysis window, set
- Input layer = ne_10m_admin_1_CAR

‘ .
Parameters | Log Overlap analysis
Input layer This algorithm calculates the area
ne_10m_admin_1_CAR [EPSG:4326] N I N d percentage cover by which

Overlay layers

» Advanced Parameters
overlap

V| Open output file after running algorithm

0%

@Help Advanced *|| Run asBatch Process... ©close || @Rrun |
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Set

- Overlay layers — CAR_2017_control

Overlap Analysis

. .
Parameters | Log Overlap analysis
4] overlay layers

This algorithm calculates the area
ercentage cover by which

V| CAR 2017_control [EPSG:4326] QoK From an mput Layer are
ol put lay
by

ne_10m_admin_1_CAR [EPSG:4326]
select All
Clear selection
Toggle Selection
Add File(s)....

Add Directory...

0%

@Help Advanced *|| Run asBatch Process... ©close || @Rrun |
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Vectorization

Set
- Overlap (file output) = CAR_2017_ADM1.geojson in Output folder.
Click Run

Overlap Analysis

‘ .
Parameters | Log Overlap analysis

Input layer This algorithm calcul
ne_10m_admin_1_CAR [EPSG:4326] N RN ercentage cover

ped by featu
tion of overlay
Overlay layers

butes are added to the
t layer reporting the tot
P Advanced Parameters
Overlap

}/Problemsets/Psos/Outpu

JicAR 2017 ADM1 geojsonKC] (I

V| Open output file after running algorithm

0%

@telp || Advanced -|| RunasBatch Process... Oclose || @Run
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Check the log to make sure there were no errors

Overlap Analysis %

‘ .
Parameters | Log | Overlap analysis

This algorithm calculates the area
ercentage cover by which
From an input layer are
ped by features from a
tion of overlay layers

Algorithm started at: 2024-01-28716:03:45
Algorithm 'Overlap analysis’ starting...
Input parameters:

'GRID_SIZE' : None, 'INPUT® : '/home/zhukov/
Drophox/HKS/Teachlng/AP1231/ProhlemSets/PSBE/
Data/World/ne_18m_admin_1 CAR.geojson' out,
'LAYERS' : [’ /home/zhukov/Dropbox/HKS/Teachmg/ of overlap and pel
API231/ProblenSets/PS05/0utput/ nput feature over!
CAR 2017 control.shp'], 'QUTPUT' : '/home/ each of the selected
zhukov/l}ropbox/HKS/Teachlng/APIZSl/ProblemSets/
PSB5/0utput/CAR_2017_ADM1.geojson’

Preparing CAR_2017_control

Execution completed in 0.14 seconds

Results

{'OUTPUT": *'/home/zhukov/Dropbox/HKS/Teaching/
API231/ProblemSets/PS@5/0utput/
CAR_2017_ADM1.geojson'}

Loading resulting layers
Algorithm "Overlap analysis' finished c

0%

@Help Advanced -|| RunasBatch Process... @close || @cChange Parameters
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Vectorization

A new layer CAR_2017_ADM1 should appear in the map and Layer menu.
Double-click on it to open up its Properties

*labos — QG

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
os i @ w3 —_—
DEERRY 02PN PW G G [ -

BQVZwER

Browser EE] Processing Toolbox EE
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» [* Spatial Bookmarks
» [ Project Home
» (1 Home

Q aps =
@ Interpolation

Q Layer tools

Q@ Mesh

@ Network analysis

y
,
,

Layers ) \

,

» @ Plots

,

,

»

,

M2 e

Q@ Raster analysis
Q Raster creation
Q Raster terrain analysis
@ Raster tools
@ Vector analysis
Basic statistics for
climb along line
3 Count pointsin pol...
DBSCAN clustering
B Distance matrix
Distance to nearest...
Distance to nearest...
Join by lines (hub li...
K-means clustering
: List unique values
£3 Mean coordinate(s)
Nearest neighbour ...
shortest line betwe...
ST-DBSCAN cluster
Statistics by catego
9 Sum line lenaths. =
trl+ 2legend entries removed. Coordinate | 6.61°11.55° | Scale|1:9069214  ~ | @ Magnifier | 100% | Rotation |0.0° +| |V Render @EPSGA326 @

v! 1] cAR_2017_control

ne_10m_admin_1_CAR
Wiki_CAR_2023_georeferenced
Wiki_CAR_2017_georeferenced
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Set

QGIS

- Symbology type = Graduated
- Value = CAR_2017_control_pc

- Color ramp = Blues

@ information

38 source

& symbology

@3 Labels

€D Masks

N7 30 View

T, Diagrams

E

PR

* 4 Joins

& Auilary
Storage

B actions

O oisplay

& Rendering

€ Temporal

Variables

elds

1 Elevation

B vetedata

8 Dependencies|

Vectorization

Layer Properties — CAR_2017_ADM1 — Symbology x

& Graduated S

“ value 1.2 CAR_2017_control_pc -[e
Symbol [ T
Legend format | %1 - %2 >recision ( s [ Trim

Color ramp
Classes | pis _Invert Color Ramp
Random Color Ramp
Symbol_ = Val
Civid
1 Greens
M Greys
B Magma
B Mako
1 RrdGy
1 Reds
B Rocket
I 1 spectral
Bl Turbo
I viridis
All Color Ramps.

Create New Color Ramp.

Edit Color Ramp...

»  symmetrl  save Color Ramp...
Classify || @ [[=]] Delete All

Mode | i/ Prett|

V' Link class boundaries

» Layer Rendering
@relp || style

Classes |5 B

Advanced -

©nrpply | Ocancel || @ok |




QGIS

Vectorization

Set

- Mode = Pretty Breaks
- Click Classify

Click 0K

Layer Properties — CAR_2017_ADM1 — Symbology x
= Graduated -
@ nformation “ value 1.2 CAR_2017_control_pc ~|[e
38 source Ssymbol [ il
Legend format (%1 -%2 >redision (@2 v/ Trim
& symbology
Color ramp B R
bels
Classes | Histogram
€BD Masks
Symbol_~ Values Legend
v 0002000 0-20

& view
o v
" Diagrams v
v
1B rietos v
B Aurbutes
Form
« 1 Joins
2 Aty
Storage
& Actions
O oisplay
& Rendering
€ Temporal Mode |ia/Pretty Breaks - Classes |5 B

]
B 6000-8000 60-80
| | 80.00-100.00 80 - 100

» | symmetric Classification
Classify || @ || = Delete All Advanced

Variables

o Elevation
¥ Link class boundaries
B vetadata
» Layer Rendering

T Dependenies I TN EREE Oapply | Ogancel || @ok
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Vectorization

The province polygons should now be colored according to percent of territory

controlled by the government

2d

DEBm@E (O
BQVZwER

Browser B®
IR THO
Favorites 3

» [* spatial Bookmarks
» [¥ Project Home
>[5 Home
Layers o®
- ®RO
3 CAR_2023_ADM1
CAR_2023_control
2017_ADM1
W car_2017_control
ne_10m_admin_1_CAR
- Wiki_CAR_2023_georeferenced
M Band 1 (Red)
Band 2 (Green)

M 8and 3 (Blue)
Wiki_CAR_2017_georeferenced
M Band 1 (Red)

Band 2 (Green)
M 8and 3 (Blue)

x_
gug \W\/ﬂl

Coordinate | 6.68°14.11° | ¥

Scale|1:6553408 |~ | @ Magnifier | 100% 2| Rotation [00°

| v/ Render

Processing Toolbox @
o N
» QGPs =

» @ Interpolation
» @ Layer tools
» @ Mesh
» @ Network analysis
» @ Plots
» @ Raster analysis
» @ Raster creation
} @ Raster terrain analysis
» @ Raster tools
~ @ Vector analysis
% Basic statistics for
climb along line
3 Count pointsin pol...
DBSCAN clustering
B Distance matrix
Distance to nearest..
Distance to nearest.
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£3 Mean coordinate(s)
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Vectorization

Make a New Print Layout, fixing the legend as always and adding a scale bar

Map 1

Layout Edit View Jtems Additem Atlas Settings
BELRERB R
2L ;;"fﬁ-_‘- m o y B, Bl
S LN PSRN BOOROOON 2 PSSR ASPON 1 AW alAPOOO 2 OO 25 PSPON 1 B 12O 22 OO 22 AN == AN 22 22 OPRN 32 | 2co O =200 < IR TS
Y Items. @)

© & tem

v -~ <scalebar>

v - Central African Republic ...

v

FEentral African Republic (2017) |

Percent under government control
o

[20-40

Layout  Item Properties | Guides

Item Properties o

p \ Legend

v Main Properties

Title Jtral Affican Republic (2017)| €}

Map Map 1 -
0 100 200mi Wrap text on
— ) Arrangement i _symbols on Left -

V| Resize to fit contents

v Legend items
Auto update Update All

1item selected X:67.2492 mm y: 52.6008 mm page: 1 53.0%
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QGIS Vectorization

Export the image as CAR_2017_GOVT . png

Cancel Name | CARI20171GOVTpAG

{3} Home < fitzhukov Dropbox HKS Teaching API231 ProblemSets PS05  Output
[® Documents Name

2 Downloads

11 Music

(& Pictures

8 Videos

B3 Dropbox

+ Other Locations

PNGformat v
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QGIS

The output file should look something like this

CAR_2017_GOVT.png

Central African Republic (2017)

Percent under government control
[Jo-20

[120-40

[ 40-60

[ 60-80

I 30

Vectorization

7N
100 200 mi
)
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QGIS Vectorization

Problem Set 5

a

‘entral Afric:

an Republic (2017-2023)
t

it control (percent)

Your assignment:
- create a map of change in
government control, 2017-2023
- vectorize polygons in
Wiki_CAR_2023_georeferenced
- do overlap analysis
- create new field: difference e s o
between 2023 and 2017
- export the map as an image,
showing:
- provinces colored by
2023-2017 difference
- legend and scale bar
- name the file
CAR_2023_CHANGE. png
- upload to Canvas (by Wed)

naooEN

Figure 8: Can you make this map?
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QGIS Vectorization

Let's preview some of the steps. Create a New Shapefile Layer for 2023:
CAR_2023_control.shp (other parameters same as before)

New Shapefile Layer x

File name |/Dropbox/HKs/Teaching/API231/Problemsets/Psos/Output [NV ERERTTRT @ || .
File encoding UTF-8 ~
Geometry type Polygon =
Additional dimensions * None Z (+ Mvalues) Mvalues
EPSG:4326 - WGS 84 VN

New Field

Name

Type | = Text (string) -
Length 80 Precision
Fields List

Name Type Length Precision

id Integer 10

Group String 80

@Help Qcancel || ok |
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Vectorization

Set the layer to editing mode by Right-clicking — Toggle Editing

labos — QGis

Project Edit View Layer Settings Plugms Vector Raster Database Web Mesh Protessmg

BR[O
RV ZwEBR
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- g
Favorites

» [ spatial Bookmarks
» [ Project Home

» [ Home
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M Band 1 (Red
Band 2 (Greq = ShowLabels
Band 3 (Blug  Copy Layer
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Band 2 (Gre¢ L Duplicate Layer Macki o.m wado i
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Otrer setfement

s

Set Layer Scale Vi
Layer CRS >
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Export ’
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L]




QGIS Vectorization

Click on the Add Polygon Feature tool. The snapping parameters should be the
same as before

labos — Qais
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
DEBRRY U 2L,HAPRP ¢ > & M E % Z = e
Q. AREBR 4 > 8 ® 28
(:’a > (:a (:’a ;? (-] \/,77 ™ e %7' -
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QGIS

Vectorization

Trace new polygon features and enter field information like before (remember to

hide the inactive layers while you do this)

DEBREe O& 5
LLAAYAY LAY

o, ¢
[2)
Browser
IR THO
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» [ spatial Bookmarks
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» [ Home
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M 8and 3 (Blue)
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QGIS

Vectorization

Save your progress as you go.

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DERRERY V2L APPIMRA/LEHaLUOR N-8-§-5
RQV.AREBR 4/ BLHR%- B o . s A
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Layers =)
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1 Band 2 (Gred = Show Labels
[l Band 3 (Blu Copy Layer
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Band 1 (Red|

[ Band 2 (Gre¢ ! Duplicate Layer

Ml Band 3 (Blug [ Remove Layer...
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Rename Layer
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Toggle Editing

Save Layer Edi

# Current Edits v

e Set Layer Scale Visibility...
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% Rotation [00° % VRender @epscans @




Project Edit
DEERRY 088
‘R@Vv.ZamBER 4
Rl

Browser

=]

] @

[ )
° a

- o @
a ®

] &

L=
Favorites

» [ spatial Bookmarks

» [ Project Home

» [al Home

4 &

Layers

CAR

‘wiki_CAR_2023_georeferenced

M Band 1 (Red)
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M Band 3 (Blue)
- iki_CAR_2(
Band 1 (Red)
Band 2 (Green)
M Band 3 (Blue)

View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
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] aa |

QGIS

Vectorization

But how do we create holes in polygons to account for more complex geometries?

*labos.

1+ RONIO) o
>4 2 7 26 U Y
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QGIS

Vectorization

Start by making the CAR_2023_control layer semi-transparent (Opacity = 50%),
so we can see the raster underneath

Layer Properties — CAR_2023_control — Symbology
= single symbol

@ iformation |} |
M simple Fill

33 Source

& symbology

Color
Opacity [l50. PG R =8

unit | Millimeters

Diagrams
. Fields Favorites

- Attributes Default
Form
L 2
ﬂ Auxiliary A
Storage

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

® pisplay

& Rendering
hashed black X outline blue outline green outline red

7
7

[]

€8 Temporal

Variables

o Elevation Save Symbol...| | Advanced -
B/ metadata

» Layer Rendering
T Dependencies IR YIRS Tr. @Apply || Ocancel || QoK |
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QGIS

Vectorization

The tool we need is in the Advanced Digitizing Toolbar. To access it, go to
View — Toolbars — check box next to Advanced Digitizing Toolbar

Layer Settings Plugins Vector Raster Database Web Mesh Progessing

0 New Map View Ctrism

. 3D Map Views »
\Q 61"‘ Vi {] Pan Map

& Pan Map to Selection

# Zoom In Ctrl+Alt++
Browser
|2 Zoom Out Ctrl+Alt+
40T
%, Identify Features Ctrl+shift+
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Measure ’
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< | T2 Zoom Full CtrlsShift+F
© Zoom to Selection Ctrle)

12 Zoom to Layer(s)
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Preview Mode ’

= Show Map Tips Annotations Toolbar
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QGIS Vectorization

Click on Add Ring tool in the Advanced Digitizing Toolbar
(green blob with a hole in it, yellow star)

*lab0s — QGIs
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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Using the Add Ring tool, trace the contour of the first polygon hole, as if you were
tracing another polygon

*lab05 — QGIS - o x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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Vectorization

To close the loop, right-click anywhere on the screen

*labos — QGIS -
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
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QGIS

Vectorization

This should add a hole to the polygon you had vectorized

*labos — QGIS

Project Edit View Layer settings Plugins Vector Raster Database Web Mesh Processing Help
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Repeat this process for each hole you need to carve out
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Add the remaining government-controlled polygons (there should be 6
non-contiguous government polygons here)
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Save your progress and leave editing mode

*lab05 — QG|

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Processing Help
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Go back to the Overlap analysis tool

*labo:
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Vectorization

In the Overlap Analysis window, set
- Input layer = ne_10m_admin_1_CAR

‘ .
Parameters | Log Overlap analysis
Input layer This algorithm calculates the area
ne_10m_admin_1_CAR [EPSG:4326] N I N d percentage cover by which

Overlay layers

» Advanced Parameters
overlap

V| Open output file after running algorithm

0%

@Help Advanced *|| Run asBatch Process... ©close || @Rrun |
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Set
- Overlay layers = CAR_2017_control, CAR_2023_control (select both)

Overlap Analysis

. .
Parameters | Log Overlap analysis
4] overlay layers

This algorithm calculates the area
ercentage cover by which

CAR 2017_ADMT [EPSG:4326] QoK ol
¥| CAR_2017_control [EPSG:4326] = ”’g””‘”'v‘“’e”’e
¥! CAR_2023_control [EPSG:4326] select All

ne_10m_admin_1_CAR [EPSG:4326]
Clear selection

Toggle Selection
Add File(s)....

Add Directory...

0%

@Help Advanced *|| Run asBatch Process... ©close || @Run
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Vectorization

Set
- Overlap (file output) = CAR_2023_ADM1.geojson in Output folder.
Click Run

Overlap Analysis

‘ .
Parameters | Log Overlap analysis

Input layer This algorithm calcul
ne_10m_admin_1_CAR [EPSG:4326] N RN ercentage cover

ped by featu
tion of overlay
Overlay layers
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t layer reporting the tot
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V| Open output file after running algorithm
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@telp || Advanced -|| RunasBatch Process... Oclose || @Run
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QGIS

The new layer CAR_2023_ADM1 should appear in the map and Layer menu
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os | =, = %3 ) D 0

0 DR UL DL s e

LLRAYAY 1%

Browser

N g
Favorites =

» [I* spatial Bookmarks

» [ Project Home

» [51 Home

Layers
7

®

3/&

Processing Toolbox
5 a \

b _-|FPRG

[Park raﬁgens

1 GPS =
Interpolation
Layer tools
Mesh
@ Network analysis
Q Plots
@ Raster analysis
@ Raster creation
@ Raster terrain analysis
@ Raster tools
@ Vector analysis
Basic statistics for
climb along line
3 Count points in pol...
DBSCAN clustering
A\ Distance matrix
Distance to nearest...
Distance to nearest...
Join by lines (hub li...
K-means clustering
® o List unique values
m iy 3 Mean coordinate(s)
® PrtschEcpEl o sipon Nearest neighbour
* S o 5 ow) IEECTITEIT
* Kine Spars, shortest line betwe.
SMizono tas: J( Border crossing area ST-DBSCAN clusteri...

2c0vdo AKG. ot oo o

* wiki_CAR_2023_georeferenced
M Band 1 (Red)
Band 2 (Green)
M Band 3 (Blue)
M Band 1 (Red)
Band 2 (Green)
M Band 3 (Blue)

Park argers
| Crain et pars,
RPaET)

Creatad by Borsy:

~

1 legend entry removed. Coordinate| 494°,1432° |9 Scale 15712400 |~ | @ Magnifier | 100% 2/ Rotation | 00° < V/Render #EPsGaszs @

M. Zhukov
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Vectorization

If you want, you can use this map to create the 2023 counterpart to the first image
we created (for practice only; this in not required and not part of the assignment)

CAR_2023_GOVT.png

Central African Republic (2023)

Percent under government control
[Jo-20

[J20-40

[ 40-60 -
[ 60-80 -
I 50- 100 <
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Vectorization

Let's calculate the difference between 2023 and 2017. Open the Attribute Table
for CAR_2023_ADM1, go to Field Calculator

FCLASS TR FCLASS ID  FCLASS PL  FCLASS GR  FCLASSIT  [ooorrild ictiator (Cerla) JCLASS.BD | FCLASS UA | FCLASS TLC 2017 control : 2017_contro 2023 control ; 2023 contro
1 LL LL L LL LL T i3 L LL LL 0 0 112634086... 24.781237...

o 0 160608226... 18.743403.
191278357... 34.418479... 247537898... 4.4541777...

4 113578222... 69.263207... 147290043... 89.821628...
H 574347132... 11.676797... 244132075... 49.633412

6 |NULL L LL LL LL LL L LL LL L 0 0 283129392... 16.888434...
7 66158290.... 0.1104186... 160941081... 26.861168.

8 |NULL ILL LL LL LL LL ILL LL LL LL 251140606... 79.193231... 310906886... 98.039586...
9 93151480.... 100 93151480. 100
10 184193462... 98.315228... 184505389... 98.481722...
1 o 0 114999660... 19.794661...
12 612896024... 1.1473990... 303458497... 56.810288

13| NULL LL L LL LL LL ILL LL LL LL 777740024... 2.4418546... 213940735... 67.170539...
14 178917408... 99.311221... 178894321... 99.298406...

15 111704817... 40.943148... 236919098... 86.837917...

Show All Features |
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QGIS Vectorization

Create new field called CHANGE_CTR of type Decimal number (real). For the
Expression, write CAR_2023_control_pc - CAR_2017_control_pc. Click OK

CAR_2023_ADM1 — Field Calculator

v| Create a new field Update existing field

Create virtual field

Output field name |

Output field type 1.2 Decimal number (real) v

Output field length 10 +| Precision |3 =
Expression | Function Editor

23_control_pc- feature 3

17 _control pd geometry
id
row_number
+ Aggregates
» Arrays
» Color
» Conditionals
— » Conversions.
=+ -0 A D et | Date and Time
» Fieldsand V...
Feature ii-Bangoran ~ > + Files and Paths
Preview: 19.794661119463616 > Fuzzy Matchi...
@ You are editing information on this layer but the layer is currently not in edit mode.
hd IFyou click OK, edit mode will automatically be turned on.
@ Help ©cancel || |
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Vectorization

Map this new variable. In Properties, set

- Symbology type = Graduated
- Value = CHANGE_CTR
- Color ramp = All Color Ramps — RdBu

Layer Properties — CAR_2023_ADM1 — Symbology x
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—— I=———1t
3 source Szl 188G
Legend format |%1- %2 18uGn fon-@ |2 VI Trim
& symbology 80Py
Colorramp | I B cwid [T
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Vectorization

Try setting Mode = Pretty Breaks. Click Classify.
Check to make sure the breaks are centered on 0 (as they are here). If not. ..

Layer Properties — CAR_2023_ADM1— Symbology
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@ information “ Value 1.2 CHANGE_CTR -lle
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If Pretty Breaks are not centered on 0, switch to Equal Interval with
Symmetric Classification set to Around = 0. Click Classify

@ information
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When you're done, the distribution of colors should look roughly like this
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At this point, you're ready to create a New Print Layout, export, and you're done

Layout Edit View Jtems Addltem Atlas Settings

B

[
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v - <scalebar>
v - Central African Republic ...
v
Layout  Item Properties  Guides
Item Properties o)

Legend

v Main Properties
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Map Map 1 -

Wrap text on
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V| Resize to fit contents

v Legend items

Auto update Update All
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QGIS Vectorization

This is what the exported png file should look like. Good luck!

CAR_2023_CHANGE.png

Central African Republic (2017-2023)
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