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1 Exercise 3

Overall Objectives:
To determine the ratio of the slum population that is at risk from flooding in Dakar, Senegal.
1. Background

This is an instructor led exercise that explores the concept of population at risk of flooding.
Flooding is a complex phenomenon with many variables to be considered, but in this exercise,
we restrict our focus on the contribution of elevation to flood risk. Essentially, we make use
of a digital elevation model obtained from SRTM that has a spatial resolution of 30m. A mask
is created on the digital elevation model whereby areas that have an elevation of less than 10
meters are considered to have high susceptibility of flooding. Next, the number of people
living in deprived areas that are within the flood risk areas are determined. Similarly, the total
population of deprived areas is extracted. Finally, the proportion of population living in

deprived areas and at risk of flooding is computed for each department.

1.2 Data
The data used for this exercise are:

a) Digital Elevation Model (file name: Elevation.tif) [1]

b) Deprived areas derived from a land-use map at the street block level (file name:
Deprived_areas.tif) [2]

¢) An administrative disaggregation of Dakar (file name: Departments.shp) [3]

d) Population data in raster format (file name: Population.tif) [4]

1.3 Software

The software used in this exercise is QGIS 3.4 [3].

1.4 Methods

1.4.1 Importing and Visualizing Elevation Data

First, launch QGIS 3.4 and navigate to the folder containing data for the exercise
(...../Exercise_3/Exercise_Data) and import the ‘Elevation.tif’ layer.

Browser » Navigate to the exercise files » Right click on the ‘Elevation’ file » Add
Layer to Canvas
Alternatively, to import it, you may a) double click on the file or b) by a ‘drag and drop’ fashion.
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In order to better visualize the elevation layer, it is useful to assign “NoData” values to the
background pixels. This step is useful because background pixels will then be ignored in
calculations. An easy way of doing it is to specify the NoData values in “Layer Properties-

Transparency”.

Right click on Elevation layer» Properties » Transparency tab

Q Layer Properties - Elevation | Transparency X

Q v Global Opacity

q Information _ 100,0 O/U -

'?\:\ Source

_ v No Data Value
® Ssymbology
No data value not defined

Additional no data value -3276§

L': Transparency

I- Histogram

4 Rendering v Custom Transparency Options

M Pyromids Transparency band None >

Bl vewdes Transparent pixel list

Legend From To Percent Transparent &

QGIS Server ot
=
5]

Style - | OK | Cancel | Apply || Help

Now you can better visualize the topography of Dakar:
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@ “Untitied Project - QGIS
Project Edt Yiew Layer Settings Plugine Vectgr Raster Detsbase Web Progessing Help

0D .E‘j,ﬂ'f VPRI PRA,;FSGHENS & & ¥ X =
BP V. A2 W = QR ° H
aeY®e

QeWebEngineProcess
thumbnaits

r.null @ 1 legend entries removed. Coordinate 257079,1619118 % Scale 1:108505 ~ @& Magnifier 1

1.4.2 Creation of a flood risk map

A flood risk mask will now be created from the elevation layer. A threshold is applied such
that the areas that are lower than 10 meters are at flood risk. Use the raster calculator and

the following formula: "Elevation@1l™ <= 10

Raster » Raster calculator
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@ Raster Calculator X
Raster Bands Result Layer
E':;ZTE{L%?@ Output layer > Data_V2\output\Flood_areas ©
QOutput format GeoTIFF v
Selected Layer Extent
X min  227600,00000 - X Max 256500,00000 .
Y min 1620600,00000 -'Y max 1639800,00000 -
Columns 289 -/Rows 192 .
Output CRS EPSG:32628 - WGS 84 / UTM zoi - | &
v Add result to project
v Operators
+ * sgrt cos sin tan log10 (
- / N acos asin atan In )
< > = I= <= >= AND OR
Raster Calculator Expression
"Elevationgl” <= 10
Expression valid
‘ - OK ‘ Cancel = Help

You can then change the colors in the Symbology tab to obtain a nice visualization of flood-
prone areas (in blue here):
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Q Layer Properties - Flood_areas | Symbology -
Q )

w Band Rendering

Render type |Palethed,ﬂ..lnique values |

Band | Band 1 (Gray)
« Symbology Color ramp | Random colors
Value Color Label
-
1 1

| Classify EE Delete Al | [

w Color Rendering

Blending mode |Norma| i ‘ |m‘
Brightness ™ ! |Z|§\ I Contrast ™ ! |C|§\
Saturation o |Z|§‘ I Grayscale |DFF - ‘
Hue Colorize ~ Strength :' |M\

w Resampling -

| stle - ok || cancd | apply | Hep

@ *Untitled Project - QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
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Browser om
HESTYT®O
- Favorites -

b [ CAUsershclinard\ Desktop\WUR\Exer
~ [ CA\Users\clinard\Desktop\WUF\Exer
[
(2 cuttural_density.shp.
(9 Deprived_areas_ex2.shp
2 Landuse ex2.shp
2 0SM_amenities_ex2.shp
I Population_ex2tif
~ 5 CAUsers\clinard\Desktop\WUR\Exer
+ [ Nouveau dossier
3 Departments.shp
C Deprived_areas.shp.
B Elevationtif
¥ Population.tiff
- [&] Home
v [ .CEWE Photoservice
» [ Delhaize powered by CEWE
» [ Galerie photo CEWE
V[ gimp28
b [ idlerc =5
b [ .matplotlib =
b [ .oracle jre_usage
v [ qgis2
+ [ .QtWebEngineProcess
Z1 v
Layers B®
clle TSR
= V| " Flood_areas
Ho
1
~ W I Hevation
=
)
~ v ¥ Population
0

984414

r.null @ | 1 legend entries removed. Coordinate 254179,1624343 % Scale|1:108505 - @& Magniﬁer@
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1.4.3 Importing and visualizing other data layers

Now you can import the other data layers: ‘Population.tif’, ‘Departments.shp’ and
‘Deprived_areas.tif’.

Browser P Navigate to the exercise files » Right click on each file » Add Layer to
Canvas

Note that these files have been pre-processed and a color style has been prepared in advance

to save you some time.

G “Untitled Project - QGIS.
Project Edit View Layer Settings Plugins Vector Raster Database Web Progessing Help

1IEERRRY OLBLeeHI DA e @ 5 ¥ X =
LL YA =4 QaeR
Qevme

~ ¢ Favorites =
b [ C\Users\clinard\Desktop\WUR\Exer
~ [ Ci\Usershclinard\Desktop\WUF\Exer
3 AOI_ex2.shp
2 cultural_density.shp
9 Deprived_areas_ex2.shp
=

~ 5 CUsers\clinard\DesktoptWUR Exer
b [ output
9 Departments.shp
h

B Elevation.tif
= Population.iff

v @leT |71

L4 L
= ¥/ ¥ Deprived areas
| B
| [_] Departments
~ ¥ ¥ Population
[ K
934414
| K

1

We now have 3 raster layers that will be used to calculate the proportion of slum population
at risk of flooding in each department:

o Deprived areas (1 = deprived; 0 = not deprived)
o Flood areas (1 = risk of flood; 0 = no risk)
o Population (number of people per pixel)

1.4.4 Calculate the proportion of slum population at risk of flooding in each department

We first perform a raster multiplication to obtain a ‘deprived’ population layer

Raster P> Raster calculator » Population * Deprived_areas
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Q Raster Calculator

Raster Bands

Elevation@1
Flood_areas@1
Population@1

v Operators
+ *
a /
< >

"Populaticn@l™ *

Expression valid

Raster Calculator Expression

"Deprived arcas@l"

Result Layer
Qutput layer tta_V2\output\deprived_pop.tif ©
Output format GeoTIFF v
Selected Layer Extent
X' min |227600,00000 = X Max | 256500,00000 :
Y min | 1620600,00000 - 'Y max|1639800,00000 =
Columns | 289 - Rows 192 :
Output CRS EPSG:32628 - WGS 84 / UTM zo1 - | &
v Add result to project
sqrt cos sin tan log10 (
2 acos asin atan In )
= 1= <= >= AND OR
|E| Cancel  Help

X

Then we perform a second multiplication to obtain a layer representing the deprived

population at risk of flood

Raster P> Raster calculator » Deprived_pop * Flood_areas
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(& Raster Calculator =

Raster Bands Result Layer

Deprived_areas@1

Elevation@1 Output layer \output\deprived_pop_flood.tif @
Population@1 Output format GeoTIFF .

deprived_pop@1
Selected Layer Extent
X min  227600,00000 -/ X Max | 256500,00000 -
Y min  1620600,00000 /'Y max 1639800,00000 :
Columns 289 -/Rows 192 -
Output CRS EPSG:32628 - WGS 84 / UTM zo1 - || &

v/ Add result to project
v Operators
+ * sgrt cos sin tan log10 (
- / 2 acos asin atan In )
< > = 1= <= >= AND OR

Raster Calculator Expression

"deprived_pop@l™ ¥ "Flood_areas@l"

Expression valid
| OK | Cancel Help

@ *Untitled Project - QGIS
Project Edit View Layer Settings Plugins Vector Rester Database Web Progessing Help
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Browser @
R g )
- Favorites
» [] CAUsers\clinard\Desktop\WUP\Exer
~ 9 CAUsersiclinard\Desktop\WUP\Exer
G2 AOLex2shp
2 cultural_density.shp
rived_areas_ex2.shp
9 Landuse_ex2.shp
2 0SM_amenities_ex2.shp

¥ Population_ec2 if

~ 5 G\Usersiclinard\Desktop\WUF\Exer
v [ output

9 Depatments shp

2 Deprived areasshp

¥ Deprived_areas.tif

¥ Elevation.tif

B Population tiff
Home
[ .CEWE Photoservice
(] Delhaize powered by CEWE
» [ Galerie photo CEWE
v [ gimp-23
[ idlere
b ] matplotlib
+ [ oracle jre_usage
v [ qgis2

| K
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The next step involves the extraction of the deprived population at risk and the total
deprived population for each department using the Zonal statistics tool. In the Locator
bar (the ‘search bar’, at the bottom left of the interface), type ‘Zonal statistics’ (Enter) to

open the window. _ _
P Processing Algorithms

= 7Fonal statistics
¥, Zonal statistics

e Calculate first the deprived population by department

Q Zonal Statistics

Parameters | Log

Raster layer

¥ deprived_pop [EPSG:32628] \
Raster band

Band 1 (Gray) v
Vector layer containing zones

“ Departments [EPSG:4326] -
Output column prefix

DEPR_

Statistics to calculate

1 elements selected

\ 0%

Run as Batch Process...

| Run | Close @ Help

Zonal statistics

This algorithm calculates
statistics of a raster layer
for each feature of an
overlapping polygon
vector layer.

Cancel

Under Statistics to calculate, click on ... to open the Multiple selection window and

uncheck Count and Mean to keep only Sum.: [ ke selecton

Count
Sum

Median
Std. dev.
Min
Max
Range
Minority
Majority (mode)
Variety
Variance
All

=

Select All
Clear Selection
Toggle Selection

Cancel
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e Second, calculate the deprived population at risk of flooding (vulnerable

population) by department

Q Zonal Statistics

Parameters Log

Raster layer

¥ deprived_pop_flood [EPSG:32628]
Raster band

Band 1 (Gray) -
Vector layer containing zones

" Departments [EPSG:4326] >
Output column prefix

VULN_

Statistics to calculate

4

1 elements selected

| 0%

Run as Batch Process...

Zonal statistics

This algorithm calculates
statistics of a raster layer
for each feature of an
overlapping polygon
vector layer.

Cancel

" Run | Close | Help

X

In the Layers list, right click on Departments and select Open Attribute Table from the drop-

down menu to check that two columns have been added.

10
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Q Departments :: Features Total: 4, Filtered: 4, Selected: 0

T Show All Features _

| —
y K/ al=
Department DEPR_sum VULM_sum
1|Dakar 61883,86998605...| 20015,76947784..,
2| Pikine 269480,5680961... 181208,0723991...
3| Gupdiawaye 25401,48043060... | 17296,45873260...
4| Rufisque 2356,667060832... 0

=
=
=

NG TV ESD

O >

\

Lastly, with the attribute table still open, open the Field calculator (the abacus icon) to

compute the ratio of the deprived population that is at risk of floods in Dakar.

Fill out the fields in the Field calculator window as follows — you can use the Fields and
Values to help you build the expression, or you can simply type it:
"VULN_sum" / "DEPR_sum" . Click on OK to run the algorithm.

() Field Calculator

Only update 0 selected features
¥/ Create a new field

Create virtual field
Output field name PropRisk
Output field type

Output field length | 10 - Precision
Expression | Function Editor
AUHLCT nf

=|+-[/*
|

QOutput preview: 0.3234408171685753

D

Decimal number (real)

dvrvvr=

Update existing field

3 =

Search... Show Values field”
Color = grouP €
Conditionals
Conversions
Date and Time
Fields and Values
MULL
abe Department
1.2 DEPRIVED s
1.2 VULN-DEPRI
1.2 DEPR_sum

1.2 VULN_sum

Nauhla_cliclk ta add =
Values | @ Search...

Ml Uniqui ) Sample

v Fuzzy Matching

3

General '

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

| OK | Cancel| Help

11
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/)7 B

< Department - = €

T Show All Features

Departrment DEPR_sum
1|Dakar 61883, 86993605...
2| Pikine 269480,5680961...

3| Guépdiawaye 25401,43043060...

4| Rufisque 2356,667060852...

Q Departrments :: Features Total: 4, Filtered: 4, Selected: 0

B

VULMN_sum

20015, 76947734...
181208,0723991...

17296,45873260...

GENLTESLSPBEBRE ~

w

PropRisk
0,323

0,672
0,681

0,000

Update All

- a X

Update Selected

1.5 Results and display

A map is created to visualize the results using an appropriate symbology. Since the computed
ratio of population at risk of flooding is a ration number, a graduated symbol is used with
Natural breaks applied to the data. This is of course subjective but there is a lot of available
material that discusses ways of displaying population data.

12
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(2 *Untitled Project - QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Progessing Help

I EERBRRY OeLL HPPA R e B LEENI=
LAY NN “4EHNE DD QAR 2

Browser (=]

linard\Desktop\W!
d\Desktop\ Wl

¥ Population_ex2.tif
~ 5 Caus
=

= deprived_pop_flood.t
B Flood_areas tif

3 Departments.shp

2 Deprived_areas.shp

" Deprived_areasitif

» (&) Home

y e
@ GeoPackage
# Spatialite

@ rostals

~ | ¥ deprived_pop_flood
Mo

882,526
~ W W deprived pop

W 5549
88252

L Type to locate (Ctrl+K) Toggles the editing state of the curre Coordinate 274109,1610099 ¥ Scale 1:170432 - @& Magnifier| 1(

Re-use the tools mentioned in the previous exercises or follow a more detailed tutorial on
Map Composer! to make a good map. To save and print your map, access the Layout
Manager.

Finally, you may save the current work as a project:

e MENU Project » Save as P Type a fitting name for your project » Save

1.6 Conclusions

The departments with the highest deprived population at risk of flooding are Guediawaye and
Pikine according to the analysis carried out. Indeed, these two departments experienced
notable flooding events in Dakar. Measures are being taken to address flooding in these
neighbourhoods. Production of such a map is a significant step towards deployment of
mitigation strategies. The WorldBank website? describes how Guediawaye and Pikine were
flooded in 2012 and how a strategy for flood mitigation and management was set up.

L https://www.qgistutorials.com/en/docs/making_a_map.html
2 http://www.worldbank.org/en/news/feature/2016/02/03/sustainably-managing-flood-risks-in-dakars-outer-suburbs
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1.7 References

[1] Elevation data (Digital elevation model- DEM) can be downloaded from the earth explorer website
(https://earthexplorer.usgs.gov/). We used of the SRTM 1-arc resolution (30m) DEM that was
resampled to 100m and aligned to the population map.

[2] The VHR land-use map is available from https://doi.org/10.5281/zen0d0.1291388. The “deprived”
land-use class was rasterized for this exercise.

[3] Administrative units are available from https://gadm.org/download country v3.html
[4] The gridded population layer produced in this study is accessible in a dedicated repository (CC-BY
license): https://zenodo.org/record/2525672#.Xj1AfPZFwig
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