Data Visualization and Cartography

Advanced Cartography Lab

Dr. Suresh Muthukrishnan, Furman University, Greenville, SC, USA

Data Used:

Major Cities in CSV file format

Malawi Country Boundary (shape file)

Malawi District Boundary (shape file)

Malawi and Neighboring Countries Boundary (shape file)
Malawi Water Bodies (shape file)

Africa Countries (shape file)
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Data Sources:

Data used in this exercise (provided on Moodle) were obtained from the following sources. You don’t need to
download any data from these sources but in the future, if you need to do any work in your own location, you can look
for basic layers from these sources.

e Administrative Boundaries Data: https://www.diva-gis.org/datadown
e Data layers from Open Source Maps: https://download.geofabrik.de
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https://www.diva-gis.org/datadown
https://download.geofabrik.de/

Opening Data and Displaying Data:

N

Download Day4Data.zip file containing the data needed for the exercise from Moodle to your computer.
Right click on the Zip file and select Extract All to extract the data files to your lab folder.

Open Q-GIS from the Start Menu on your computer (click on the Windows logo located on the left bottom
corner of the screen and search for QGIS).

Click “Layer” Menu, select Add Layer = Add Vector Layer

Navigate to your lab data folder.

10.
11.

? x = Open OGR Supported Vector Dataset(s)
Source type
@rie ) inckay O Do O pei 4 | | « ADDA_DVAC » Dayd v | B O Search Dayd
Encoding System =
i, Organize ¥ New folder == - M @
Vector Dataset(s) | 3D Objects & Mame Date modified Type
I Desktop \j Africa_Countries.shp SHP File
T "] Major_Cities.shp SHP File
|| MW_Country.shp SHP File
] mw_districts.shp SHP File
| MW _Neighbor Countries.shp SHP File
d MW_WaterBodies_proj.shp SHP File
v o€ >
¢ | "MW_WaterBodies_proj.shp" "Africa_Countries.shp V| ESRI Shapefiles (*.shp;*.shz*.sh ~
Close Add Help

We are looking for files with extension .shp. You can sort the files by tile type to make it easy to select.

You can multiple select layers by holding control + click the files to select these files: Africa_Countries.shp,
Major_Cities.shp, MW_Country.shp, mw_districts.shp, MW_Neighbor_Countries.shp,
MW_WaterBodies_proj.shp.

Click OK to accept the selection.

On the Data Sources Manager window, click Add button to add the layers to your map.

Click Close to get out of the add data dialog. Your project window should display all the layers as shown below.
Click Project = Save to save your project. Get to the habit of saving your project frequently as you make
progress. This will ensure that if the program crashes or computer turns off due to power outage, you will be
able to recover everything until the last save.
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Adding Point Data from a table

In addition to adding shapefiles to the map project, point files from a data table can be created with corresponding
coordinates. For this exercise, we will bring a layer showing locations of major cities in Malawi. | created the list in an
Excel document and then save it as Comma Separated Values (CSV, comma delimited) file type from Excel. To import
this layer to our project, follow the instructions below:

We will now add the CSV (Comma
Separated Values) file to our QGIS
project.

Click Layer > Add Layer = Add
Delimited Text Layer

1. When the Data Source Manager
window opens, click on Open File
button and navigate to where you
have saved your Major_Cities.csv
file on your computer.

2. Make sure to match latitude and
longitude values to the right X and Y

DBZ‘ DB2

i{‘ GeoPackage
7
s

Q

“ Flename E:\ADDA_DVACNDay4\Major_Cities.csv &

Layer name Major_Cities Encoding | UTF-8 ad
w File Format

(@) CSV {comma separated values) Q—

Regular expression delimiter

, Delimited Text
Custom delimiters

P Record and Fields Options

SpatiaLite w Geometry Definition 3
2 I @ Point coordinates X field Y ioea [zt =
¥ field | Latitud ~ | M field b
. MSSQL Well known text (WKT) e -
DMS coordinates

Oracle No geometry (attribute only table)

+ Geometry CRS | ESRI:104199 - GCS_WGS_1984_Major_ ~ | | @ 4—

P Layer Settings

. l" Virtual Layer Sample Data

flelds. X X X !ﬁa‘ WMSANMTS ID  Population Region Population_1 Latitude Longitude &
3. We need to assign projection i 11 |Lilongwe Central 645750  -12.067 33.787

information for the point locations. A e !

Latitude and Longitude values were L wes

mostly acquired using handheld GPS 7 S

units. The GPS projection setting are = S — e o =

required to assign the proper geometry to (3 Coordinate Reference System Selector X

the file before importing. We know from Fiter | C. wes €

the source that the GPS was using Recently Used Coordinate Reference Systems

GCS_WGS_1984 (a type of un-projected, oordnate Reference System A

geographic coordinate system with *Generated CRS (+proj=lcc +Hat_1=32.5 +at_2=34.833333333333...  USER:100000

WGS_1984 as the reference datum

surface), so we will assign it. Click on the

button next to Geometry CRS field (4 on 7 ;

the figure). In the resulting Coordinate Predefined Coordinate Reference Systems Hide deprecated CRSs

Reference System Selector window, type Coordinate Reference System Autharity ID =
WGS to filter all projects with the followed

by selecting

GSC_WGS_1984_Major_Auxillary_Sphere

(ESRI:104199) as the coordinate system.
Click OK to get out of this window.
4. Click Add on the Data Source Manager

WKT
window. If the projection information was GEOG;:E"Gcs_“cs_lss‘l_ﬂaiﬂr_hwcili
ary ere™,
assigned properly, you should see all the DATUM[“D_WG5_1984_Major_Ruxili
ary_ Sphere”™,

cell towers get mapped and identified as

points and displayed. Now explore the

displayed data. Remember that the points ok || cancel Help

~ 4 Geographic Coordinate Systems
GC5_WG5_1966 ESRI:37001

GCS_WGS5_1984_Major_Auxiliary_Sphere ESRI:1047199

RRAF geographiques (dd) IGNFWGS24MARTGDD
RRAF geographiques (dms) IGNF:WG584GUADGED
RRAF gecgraphiques (dms) IGMF:WGSB4MARTG

1 3

GCS_WGS_1984_Major_Auxiliary_Sphere

ELLIPSOID["Popular Visuali
sation Sphere™, €372137,0,
LENGTHUNIT ["metre™,
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are just being displayed directly from the CSV file. We must export the displayed data to a GIS compatible file format
to be able to do further analysis. We will export this to a GIS compatible format after we study and understand the
data.

E 5

[ D DR 0L HPPL A LOOR & I = T -
@V AW W J W W | Eg & » @y A K->
Layers @69 Processing Toolbox @6

@ ® T &3 & O ¥ oA (D

V| © Major_Cities
v| [[] MW Country
MW_ WaterBodies_prof
- A mw_districts
I [ ] 7327 - 125606
I [ ] 125606 - 210104
! [ 210104 - 326323
v| [l 226323 - 302155
v! [l 398155 - 242156
[ MW Neighbor Countries
[ Africa_Countries

¥ (4 Recently used

b+ G} Cartography

b () Database

b Q2 Filetools

b (2 Interpolation

b G} Layertools

b Mesh

» () Network analysis
P G2 Plots

» () Raster analysis
v () Raster creation

» () Raster terrain analysis
b () Rasterteols

» G Vector analysis

b (3 Vector creation

Layer Stying | Processing Toolbox

Identify Results =]
[ = RN
Feature Value |
4 L3
Mode | Top Down - |
Help |}
|
Search OMS B
Fiter by extent| | Al -
Fresh geodata for your project
cate (Ctrl+K) Coordinate | 32.081,-12.020 |§  Scale | 1:2993071 ~ | (@ Magnifier| 100% % | Rotation [0.0° %) Vi Render @ epsciazzs @

To save this point data as a permanent GIS data, we must export the data - Right-Click on the Major_Cities layer and

select Export = Save Features As...

Now, in the new window, make sure to select the output file Format (ESRI Shapefile), provide a file name (click on

the button with three dots next to it) and select a new Projected Coordinate System under CRS.

a. Selecting new projection for the layer being Exported: To do any kind of spatial analysis with your data, your
data should have a proper projected coordinate system. Since the CSV was displayed using a Geographic
coordinate system, we have to now assign a new projected coordinate system. This time, we will pick Universal
Transverse Mercator (UTM) as the projection. UTM requires you specifying a zone number where your study
area falls. For Malawi, it is Zone 36 South, so we will pick WGS 84 / UTM Zone 36S (you can search for this by
typing the number 32736 or UTM 368 in the Filter box on top). Under Geometry, select Point. Then Click Ok.

Click OK to export the layer as new ESRI Shape File. It should add the file to your project in addition to saving the

new file on your designated folder.

Now, you can get rid of the CSV file displayed in your table of contents by right clicking and selecting Remove Layer
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(3 Coordinate Reference System Selector X

s Save Vector Layer as...

Select the coordinate reference system for the vector file, The data points will be transformed from the layer
coordinate reference system.

o =
File name E:\ADDA_D\-'AC\Day%‘ﬂajqf__Ciﬁes.sl’p_ &
Layer name ,_—E@ - 32738 €@
- Recently Used Coordinate Reference Systems
CRS EPSG:32736 - WGS 84 / UTM zone 365 Al | a
Coordinate Reference System
UTM zone 3
Encoding UTF3 =

Save only selected features

b Select fields to export and their export options

w Geometry 1 ¥
§ Predefined Coordi ference Hide deprecated CRSs
Seametry toe = pont = Coordinate Reference System Authority ID
Force multi-type ~ [ Projected Coordinate Systems
: . ~ Universal Transverse Mercator (UTM)
Indude z-dimension
: WGS 84 / UTM zone 365 EPSG:32736
| 3 Extent (current: none)
w Layer Options 4 »
- WGS 84 / UTH zonc 365 «] ™% +7 B X
RESIZE | NO b T s :
b - i
SHPT - PROJCRS["WGS 84 / UTM =zone 3€S",
= BASEGEOGCRS["WGS 84", K
2 DATUM["World Geodetic Syst |
P Custom Options em 19847, -
ELLIPSOID["WGS 84", al’y 1]
FATA1AT 298 257223563 hd B = L
V| Add saved file to map | OK Cancel Help | | oK Cancel Help

9. Next, we will change the symbol and add name of the city as label. Click on layer properties (right click on the layer
name and select Properties in the menu that appears).

10. Click on Symbology tab. We will use Single Symbol and select the star as the symbol to represent the cities. Change
the size to 5.0 mm and click Apply.

» Layer Properties — Major_Cities — Symbology

E Single Symbol =
(i' Information S * Marker e
M Simple Marker
J\g\ Source * Simple Marker
d Symbelogy
L abc EL A
BB Masks Unit | Milimeters -

9. Opacity _F |?0.0% a2

L — =
Color >
o .

1 Diagrams Size [ 4.00000 s @
E Fields Rotation | 0,00 ® A=l
E Attributes Forn L, Favorites ~| &
3 ° O ® ] ® 3
-

{;‘.G) FEmmns dot black dot white dot blue dot green dot red effect drop
shadow
- Display -
Rendering effect drop shadow Save Symbal... | | Advanced ~
| Temporal b Layer Rendering
= Style - oK Cancel Apply | | Help

L e
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11. To add the names of the cities, click on Labels tab on the left under Layer Properties window.

12. Click the top box and select Show Labels for the Layer
13. Under Label with, select name as the filed containing the names of the cities.

14. Under buffer, check the box to draw a white buffer around the label. This increases label visibility by adding a
think white boundary around the label text.

15. Under Placement, select Around point option and enter 3 mm as the Distance where the label will be placed

» Layer Properties — Major_Cities — Labels

1
E Fields

{}@ Actions
. Display

7
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= Single Labels - ||
Information Value |abc City - | &
w Text Sample
Source
Symbology Lorem Ipsum
Lorem Ipsum 9 | | 1:3522145 |~ -
_ Text =
“*® Formatting  Font M5 Shel Dig 2 - &
@58 Buffer
Diagrams 856 Pasck Style | Regular - | €
@ cackground U < (5| € e 716
J Shadow
. abe Size 10,0000 = E-
E Attributes Form /  Callouts
1':‘* Placement Points = E.
Jai y -
“ains ' Rendering
coor | | .
ﬁ Auxiliary Storage
- Opacity 100.0 % | €
Allow HTML farmatting
O, Favorites ~ | 8%
# Rendering -
Style il oK Cancel Apply Help
dk
4 Tormnaral —
abe Text Mask abe Taxt Placement
% Eormatting V| Enable mask (=], - Formatting eEleias
abiE pyffer o P abe Buffer The Placement Mode option conti
&5 Mack L= : $56 Mask corresponding features.
. Background Millimeters . Background e Pl
Arranges label candidates in & dochwis
Ti Shadow Opadity ;‘: Shadow right of the feature.
T/ Callouts T/ Callouts
. Distance | 3.0000
% Placement Pen join style | B Round
/ Rendering Draw effects ,“' Rendering Milimeters
This mask shape should then be selected 2 Quadrant -EL
enable masking.
16. Click Apply and check the map to ensure it looks good and then click OK and close the window.
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17. Now, let’'s make change to MW_WaterBodies_proj layer to assign blue color so they look nice on the map. We
will also change the name to make it what it is - “Water Bodies”

18. Right click on MW_WaterBodies_Proj layer in your table of contents and select Properties.

19. In the layer properties window, you can search for topo water color by typing water in the search box as shown
below

Layer Properties — MW_WaterBodies_proj — Symbaology

O -]
) — —
"’i. Information = .E | E||_:||'_]|
Simple Fill —
Jq&} Source
 abc IETTE
€D Masks Unit | Milimeters - |
_ Opacity 1000% %
~‘ 30 View =
Color | |'|
- . . .
. Diagrams
E Fields
E Attributes Form | O water @ (~| 8
Joins
£ ) Auxiliary Storage
r@ Actions
- Display
| HH | |~ topo water Save Symbol... | | Advanced ~ |
Rendering S
1 Termnpo p Layer Rendering
ﬁ emporal
o ste - ok || cancel || Apply || Hep |
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20. Click Apply but don’t close the Layer Properties window.
21. Now, switch to Source tab on the Layer Properties window and change the layer name to Water Bodies.

! Layer Properties — MW _WaterBodies_proj — Source

w Settings

e

(i’ Information Layer name |Water Bodies| | displaye

% Source

%"’ Symbology

Data source encoding | UTF-8 -

w Assigned Coordinate Reference System (CRS)

EPSG:32736 - WGES 84 / UTM zone 365

€I Labels

Changing this option does not modify the original data source o

22. By repeating the steps 17 to 20, change the Africa_Countries layer color black outline color without any fill color.
So, we should only see the outlines of the countries. Tip: instead of selecting Fill color, you should Simple Fill
under symbology. Then do the same to other appropriate layers.

23. Using step 21 instruction, rename all remaining layers to make them appropriate and professional. Keep them
short (1-3 words at the most). Alternately, you can rename a layer by Right Clicking > Rename. @

24. Now all layers are ready to be taken to the map shop —our layout manager!

Make a Map of Population Change from 1998 to 2018 in Malawi Districts

1. You already know how to map one of the fields in the layer and make a map like you did on day 2. However, it is
possible to map the results of a complex calculation performed within the layer properties using simple SQL
query. In this lab, we are going to calculate population change in Malawi from 1998 to 2018.

2. Right click on Malawi Districts layer and select Properties.

3. Inthe top field under properties, select Graduated. Instead of picking one of the existing fields to map, we are
going to use existing fields, and calculate percentage population change between 1998 and 2018. Click on the

A
Expression Dialog button to the right of the Value field.

»! Layer Properties — MW _Districts — Symbology
= Graduated -
(i Infermation Value - ‘ e |

4 source smeol [ -

Legend format | %1 - %2 Precision 4 || V| Trim
# Symbology

Calor ramp T
€= Labels

Classes Histogram
€D Masks Symbel ¥ Values Legend

NETY

" Diagrams

ﬁ Fields

E Attributes Form

Joins
Mode | 8 Equal Count (Quantie) ~ Classes | 5 -

M Auxiliary Storage
ﬂ i o Classify g || = Delete Al Advanced ~

”G) Actions V| Link class boundaries

- Display P Layer Rendering

- Style v oK. Cancel Apply Help

A\/ Renderinn
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In the Expression dialog, copy and paste this expression:

(("TOTAL_2018" -

Expression Dialog

"TOTAL_1998" )/ "TOTAL_1998" )*100

Expression Function Editar
) EI * ™ cas — -
s || ek i Sead... Show Values grc.up—ehj
({ "TOTAL 2018"™ - + Date and Time * | | Double-click to add field name to expression
- = Fields and Values stri
"TOTAL 1998™ )}/ NE-
. - ) o MULL Right-Click on field name to open context
TOTAL 1958 }"J-'u"-i abe DISTRICT menu sample value loading options.
abc REGIOMN MNotes
123 MALE_1992
123 -"'\.
FEM_1598 Values | L Search...
123 TOTAL_ 1993
123 MALE 2008 All Unigue 10 Samples
123 FEM_2008
123 TOTAL_2008
123 MALE_2018
=+ =l ==l |[w 123 FEM_2018
123 TOTAL_2018
Feature | BALAKA M b b Files and Paths
b .
Preview: 73.20181902229527 N E ) Iu."latchmg 4
QK Cancel Help
Click OK to close the dialog
» Layer Properties — MW_Districts — Symbelogy
= Graduated -
rf Information ~ Value (( TOTAL_2018" - "TOTAL_1998" )/ "TOTAL_1998") =100 I
A8 Souce smo | [ -
Legend format |31 - %2 edsion ;€& |5 V| Trim
Color ramp -
€ Labels
Classes Histogram

@ Masks

Symbol ™ Values Legend
® o V[ ] -44252-53283 -443-533
Ny 3D View vI[] 53283-71402 33-714
- vI [  71402-78.281 714-783
| Diagrams v Il 7a21-8715%6 783-872

vl e7156-99.048 27.2-99

E Fields
E Attributes Form

Joins

ﬂ Auxiliary Storage I
{;‘.-® Actions

- Display
rd

e

Classify

||| =
V| Link dass boundaries
P Layer Rendering

= Style =

Bendering

Monl £ i Equal Count (Quantie) -

Delete All

ki

Classes | 5 =

Advanced ~

2

Apply |

Cancel

Help

This should produce a map that looks like the one below:

Copyright: CC-BY 2.5 UNICEF




Project Edit View Layer 5Settings Plugins Vector Raster Database Web Mesh Progessing Help

B@V- A8 @

Layers
o @ ® T &~ B O
V| * Major_Cities
D Malawi
D Neighboring Countries

Y :

(&]ES]

P+ Malawi Districts
V| | -443-533

V| || Water Bodies
bW 2 Malawi Districts
D Africa Countries

v ¥ OpenTopoMap

Browser @ ®
AT O
v [] ADDA_Cohort3_Work -
~ 5 ADDA_DVAC
b [ Day2
~ 5 Dayd

(= Africa_Countries.shp
v [{] Day4Data.zip
Major_Cities.csv
= Major_Cities.shp
C2 MW_Country.shp
2 MW _Districts.shp
= MW_Neighbor_Countries.sh
3 MW_WaterBodies_proj.shp
b [ BackupStuff
1 - ’

NEEBRRY IL2LP PP/ QL Ea tNOR @B

Y

3 €€E > P> Eﬁ; - %

Processing Toolbox

wedsd oI

(&]ES]

»

@® Recently used
Cartography
Database

File tools
V| |533-714 Interpolation
v 71.4-783 Layer tools
v 783-87.2 Mesh
v 87.2-99

Metwork analysis
Plots

Raster analysis

Raster creation

Raster terrain analysis
Raster tools

Vector analysis
Vector creation

’ Vector general
Vector geometry
Vector overlay
Vector selection
Vector table
Nkhotakota

Vector tiles

.

@ Visibility analysis

Layer Styling | Processing Toolbox |

| Q Type to locate {Cirl+) | oordinat| 432613,8138376 | =l 1:3502718 | v | @ agnifie| 100%

|2] otatio |0.0°

|2 V| Render & EPsG:i32736

&

7. You can see interesting patterns emerging here. Some districts have lost population whereas some have
increased tremendously. One important observation you should make note of is how the classes are broken
down in this classification. All districts with -44.3 to + 53.3 % change in population have been grouped together
in one class. This is not quite useful. You can explore further to find a good way to classify the data so that
districts with reduction in population are shown distinctly compared to those that have experienced positive
growth.

Part 1 Ends. We will continue in Part 2 where we will make the map! Nice work so far!
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