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Setup and Introduction

Spatial data can be incredibly powerful and useful for evaluations, but requires understanding key
spatial concepts as well as the tools and methods needed to work with spatial data. In this training
we will explore how to use QuantumGIS (QGIS), a free and open source GIS platform, to visualize
and perform basic analysis of several types of data (geocoded aid data, administrative boundaries,
and satellite imagery). After introducing the basics, we will show how AidData’s GeoQuery tool can
be utilized to make working with spatial data drastically easier.

Training Environment

To get started, we will access Paperspace. Paperspace is a virtual desktop that has been pre-loaded
with all the software and data you will need for this training.

To log in to Paperspace:

Go to https://www.paperspace.com

Click SIGN 1N in the top right

For your email, enter geo @aiddata.org

Enter the password provided by the instructors
Click the SIGN IN button

S

Sign In

geo+01@aiddata.org

Remember me

sign In to domain Forgot Password

Figure 1.1: Signing in to Paperspace


https://www.paperspace.com
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To access your virtual desktop:

1. Once you have signed in, you should see a set of "machines" available for your Paperspace
account

2. Select the machine with the number assigned to you (e.g., User 01 would be Training 01.

3. (Note: If you were assigned a single digit number, make sure to add a zero in front. For
example, user 1 would use Training 01)

My Machines

1 Machine

Training 01

On/Ready

Figure 1.2: Virtual desktop machine selection
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Inside your virtual desktop:

e Your virtual desktop may take a moment to connect and load
e Once ready, you should see a standard Windows 10 environment within your browser window
(as seen below)
e On your desktop, you should see four main items:
1. Google Chrome, with useful bookmarks preset
2. QGIS Desktop 3.4
3. A data folder which contains all the material used in this training
4. Training PDF that has step by step instructions for everything we will cover during the
training

U\ AIDDATA £ WILLIAM & MARY

Rescarch Lab at William & Mary CHARTERED 1693

[ |

Figure 1.3: Paperspace virtual desktop

Next we will open QGIS and explore its interface.
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QGIS

To open QGIS, double click on the QGIS icon in your Paperspace desktop.

Once QGIS is launched you should see a window similar to the one below.

(1 “Untitled Project - QGIS
Project Edit View Layer Setiings Plugins Vector Raster Datsbase Web MMQGIS Processing Help

DEBRERH(OSAL2LAAPPORS o MEY
HE V. /. ® TR V- LTEL Y
RO TE-RAL

Qe

#T -

aBnw

2o

Coordnate [117.6,-101.0 |9 Scale [124010130 | (@ Magnifier [100% 2] Rotatin [0.0° i Drender @ ppsciais @

Figure 1.4: Screenshot of QGIS interface

There are several main elements to the QGIS interface:

1. The toolbars along the top include the most often used tools for loading and working with
spatial data. If the tools are not visible in a toolbar, you can find them from the menus.

2. The layer list on the left side will populate with your spatial data layers as you add them.

3. The processing toolbox on the right shows the list of all available algorithms grouped in

different blocks.

4. The status bar along the bottom shows you information about the current map view.
5. The map canvas in the center is where your spatial data will be visualized.

There are a wide variety of geospatial tools, functions, and analysis procedures available through
the core QGIS library, however, some GIS processes have yet to be integrated into QGIS. Fortunately,
there is an increasingly large population of developers and users who are contributing to QGIS’s
functionality by developing plugins (searchable using the Plugins menu). All plugins used in this
tutorial have been pre-installed and activated for you.

More on QGIS can be found at https://qgis.org/.


https://qgis.org/
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Loading and Exploring Data

In this section we will explore several datasets which represent the types of data you might want to
include in a Geospatial Impact Evaluation (GIE), and basic processing steps needed to prepare data
for a GIE. Nigeria’s State boundaries will represent the unit of analysis for the GIE, the commitment
dollar values of Global Environment Facility (GEF) projects can be used as a treatment indicator,
and NDVI (a satellite based measure of the "greenness" of vegetation) could be used as an outcome
measure.

These datasets are all available in the training_data folder included on your Desktop, and are
summarized in the list below.

1. Nigeria State Boundaries
e Description - Spatial features defining the boundaries of first order administrative zones
(states) in Nigeria
e Source - GeoBoundaries database of administrative zones
e File Type - Vector (GeoJSON, .geojson)

2. GEF Geocoded Aid Projects

e Description - Geocoded data for 724 GEF projects spanning 4978 locations. Includes
projects identified as land degradation, biodiversity, multifocal area, and programmatic.
The file levella.csv contains project, location, and financial data merged together using
unique project and location ids. Project level commitments have been disaggregated
evenly across all locations associated with a project. For more detail about this dataset,
please refer to the readme PDF file provided with the data.

e Source - AidData

e File Type - Comma Separated Values (.csv)

1

3. NDVI (Normalized Difference Vegetation Index) Satellite Imagery
e Description - NDVI is a satellite based measure of the "greenness" of vegetation. This is
a yearly aggregate of NDVI for 2010.
e Source - NASA LTDR AVHRR v4?
e File Type - Raster (GeoTiff, .tif)

Base Layer

To get started, let’s add a background layer to QGIS so we have some spatial context when we add
our other data.
1. Click "Open Data Source Manager" button on the far left of the second row of the top toolbar
(shortcut: Ctrl+L).
2. (Note: If you are ever unsure about which button is which, just hover over the button with
your cursor to see a tooltip.)
3. Go to the "Raster" tab and then use the browse button (...) for the "Source" field to navigate to
and select the .../Desktop/training_data/NE1_50M_SR_W/NE1_50M_SR_W.tif file
4. (Note: some files, such as TIF, may not show the ".tif" extension in your file browser. Simply
look for the matching base file name or file the "TIF File" file type)

Thitp:/iwww. geoboundaries.org
Zhttps://Itdr.modaps.eosdis.nasa.gov/cgi-bin/ltdr/ltdrPage.cgi
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(@ Untitled Project - QGIS

Project _ Edit Layer ~ Settin e Web MMQGIS Processing Help

[Qnpewbatecring | Reaty

S o X
g5 Plugins Vector Raster Databs
NEERRRXMPLALARPPRALRRBRNRICE K 5 -5 =M =0T ®
@eVvisim s/ Bik-ZacsBoo[~aB%s55% QAR[~A[H®
Recent Projects Processng Toolbox 8 x
Y/R®TE-BAD ®e0B8 3
Q search.
> @ Cartography
> @ Database
Source type > @ File tools
@ Fie O Protocol: HTTP(S), doud, ete.
Source
Raster Dataset(s) [ 50M_SR_WINE1_S0M_SR_W.tF a] ]
Gose o

Cardeat B scse oo <] @ vt [0 T5] rown [z 5] e @ @

5. Click "Add" to load the base layer, and then click "Close". You should see a map similar to

below.

Project Edit View Layer Settings Plugins Vector Raster Datsbase Web MMQGIS Processing Help

NEBRRERY(2LARPPRALEBIR 6 -H -5 -6 Y = -0 @

WOV AWM Y /B R BEO 000 "amM%E %55 QAR [ B[ ¥

Layers 8 x

“A®TE-BAD

[Q Type tolocate (i) ] Ready

Qsearch

> Q@ Cartography

> @ Database

> Q@ Filetooks

> @ Graphics

> Q@ Interpolation

> Q@ Loyertools

> @ Network analysis

> @ Raster analysis

> Q@ Rastertemain analyss
> @ Rastertools.

> @ Vectoranalysis

> Q@ Vector creation

> Q@ Vecto
> Q@ Vector geometry
> @ Vectoroverlay
> Q@ Vector selection
> Q@ Vectortable

> GDAL

> @ GRass

> & sach

1.2.2  Saving Your Work

Before we get too far, let’s make sure we save our work.
1. Go to the "Project” menu in the top left, then click "Save as"
2. Save your project to the "workspace" folder on your Desktop as a "qgz" file.

Comdote 1654963 1% scok [0 <] @ Mognter 100 [5] R [p0° 18] lnender @ mscszs G

This saves your entire workspace as a project, which is essentially a list of references to file
locations, layer styling choices, and other settings used. You will be able to open this single project

file in the future instead of having to load each layer again.
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1.2.3 Nigeria State Boundaries

Now we can add in our Nigeria state boundaries.
1. Open the Data Source Manager again, but select the "Vector" tab this time.

2. Find and select the .../Desktop/training_data/NGA_ADMI1.geojson file.
3. Click "Add" to add this layer.

NEBRRR® (092, RPPRAENNR 66 K6 L, HEHE=-0 M- ®
(®ev.zZ% 1/ Fh'ﬁﬁzv% G<fBoo=wmAa=%9% QQR~ B[ ¥
:yz!\f.?&.,vﬁtfru

[ ¥ NE1 50M SR W

Q search.
ey e—
> @ Database
Source T

'ype > Q@ Filetools.

@ File O Drectory O Database O Protocol: HTTP(S), doud, etc.

Encoding

Source

Vector Datasetfs)

> @ Vectortable
> d GPAL
> @ GRass
> © sah

[Q etolocatecivg | Ready

ot 127,86 ]%_scte 01010 <] @ oot 0% Te] omn [p o] henier @ msc @

PSRici e Viwa e S WM Rt et Dt m MG M PSS e
NEERRRYMPLLARPPRALABRIR G N6 -GBS =-0- ®
WOV /M V) /BER-Za<0Dod "B s%s QR 2 B ¥

& x|

Layers | Processing Toolbox 8
YBeTE-FAD 20085 9”
2] N Abm1 I

Q search
[ 5 NE1SOM SR W

5@ Canography
> Q Database
> @ Filetools
> @ Graphics

> Q@ Vector crestion
> @ Vector general
> Q@ Vector geometry
> @ Vectoroversy
> Q@ Vectorselection
> Q@ Vectortable

> G GDAL

> @ oRass

> @ saca

[ Type to locate (cui+k) | 1legend entries removed.

Comdnate| 910,67 |%5_scok [0 +] @ Moot [00% 2] Rowion oo 5] AARends_ @ erscrazs g

4. You can then right click on the layer in the layer list on the left side of the screen, and select
"Zoom to Layer" to get a better view

5. Alternatively, you can use the "Zoom to Layer" button in the top toolbar.
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Project Edit View Layer Settings Plugins Vector Raster Database \Yah MMQGIS Processing Help
D’Eﬁﬁ@:ﬂ‘f@\@'@ﬁﬁﬂ8@@@%]%'@-'!&"%ﬁ@‘2“'9mv ®
MOV AR V) /BRR-ZO%0 000 =“al%5%%% QAR 2 B ®

e 8 x 8

YR®TE-RBADL

I NE1_SOM_SR W

M |
f_ Vo 00000000 |
tlegend entries removed. [100% __[£] Rowon o0 [E] AlRencer @ erscians g

> Q@ Vector genenl
> @ Vector geometry
> Q@ Vector overlay
> Q@ Vectorselection
> Q@ Vectortable
> G GDAL
> @ GRass

> & saa

1.2.4 GEF Geocoded Aid Projects
Next, we will add our aid projects.

1.
2.

bt

Open the Data Source Manager again, and select the "Delimited Text" tab this time.

For "File name", select the .../Desktop/training_data/gef_geocoded_projects/data/level_la.csv
file.

You can set the "Layer name" to "gef_aid"

QGIS should automatically load the selected .csv file to the window and detect the longitude
and latitude fields.

If it does not load automatically, make sure the "File Format" is set to "CSV" and "Geometry
Definition" is set to "Point coordinates"

Set "Geometry CRS" to "EPSG:4326 - WGS 84"

. Click Add to load the selected .csv file, then "Close"
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[@ orsticaproject-aas = | x|
NEERRRX /M ,2L s RPPALARBRIR[AE K& LEEHME = ¢ T- ®
@eV./2% 1 /BRR-2T%0060d “aBM%s w95 QAR A B ¥
Layers 8 x|  Processing Toolbox El
¢ B TVE&E-BAO R0 98
4 1 NGA ADM1 Q Search.
[ 3 NE1SOMSRW > @ Cantography.
> @ Database
e | s - )i o=
Layer name [gef aid ] Encodng [uTF8 v > @ Graphics
> @ Interpolation

¥ _File Format. > @ Layertools

© CSV (o separated voles) > @ Network anlysc

> @ Rastersnalysis
O Reguir expresson demter > @ Rasteterain analysis

@t > @ Restertools
> @ Vector analysis
» Record and Fields Options > @ Vector creation
o > @ Vector general
> @ Vector geometry
[[© pontcoranats | |"=“\W | g > @ Vector overay
. O el knonn text (WKT) ¥ fied |latiude | I > @ Vector selection
v O o geometry (atrbute oy table) ] oM coordnates > @ Vectortable
> d GDAL
: ey s J@ S
} J > D > & saca
. Sample Data
‘/ projectid  project_location_id  precision_code geoname_id place_name. latitude long A “
1 S0B00TIS2861 906001152661 18974 4 18979 Leikipia 033333 3676
2 906001152861 0600112861 186187 5 196187 Mount Kenya NationalPark -0.10187 37.34 .
< > [

E—————————————- , - | IE——
(S noor i tipmamoms oo, =] rowion [ro- 5] Mt @ o g

9) £ |

8. You can use the "Identify Features" button (top toolbar, shortcut: Ctrl+Shift+]) to click on
any of the points added to the map. This will display details about the point in the "Identify
Results" window on the right side.

DEERRR: 00ALARPPRABENS@ s nosMs=s-om- o
BEV AW/ /BER-FT%0E0d “4E%E55% QAR ~A B ¥

fo/es o = B ° o Processng Toolbox s
“HeTE-RAQ i o 2 1o (Y XIEIES
Mjogefdd ] ° o @ Q Search
4 ] NGA_ADM1 0. @ Cartography
[ NE1SOMSRW ° > Q@ Database
> Q@ Filetooks
> @ Graphics.
e > Q@ interpoition
°
°
°
. Identify Results ]
S L EEEF LTS
Feature Value
o v gefid
~ Tite 906001152859
° > Oerived)
° > (actions)
5 e, soonszss
e i 906001152859 2346704
4
2346704
Borno State
s
)
e
st-order adminst
6295630/6255146|NG|27
EarthjficalNigerialBomo State
i

1

1
SIP: Scaling up SLM Practice, Knowledg.
20101125
start_actual
2013-12-31

1 Auto open for

[

9. To further explore this data, right click the gef_aid layer and click Open Attribute Table.
The attribute table displays information associated with each features, or project location,
in the layer. Each row represents a geocoded project location, and each column contains
specific information about the project location such as the project title, status, start year, or
commitments.
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15

(. *Untitled Project - QGIS
Project Edit View Layer Settings Plugins

NEBRMEREE O&
L LAY AN AE N

Layers 5 %
*"@'-YE.J'_E-;_‘,I‘Q

e

] nGA # Zoom to Layer

" NE1 Zoom to Selection

Show in Owverview
Show Feature Count
Copy Layer

Rename Layer

] Duplicate Layer
)

Remove Layer...

Open Attribute Table
Filter...

Set Layer Scale Visibility...

Set CRS 4
Export »
Styles r

Properties...
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(! gef aid :: Features Total: 4978, Filtered: 4978, Selected: 0 = [m] ) X
LK wTESP FIEIEE

project_id woject_location_ic  precision_code gecname._id place_name latitude lengitude ocation_type_cod cation_type nam azetteer_adm_cog *
] [ 90600121;6?;: 906001218062 _8... 8 933860 Botswana NULL L PCLI independentp...  6295630|625514...
Zz . 906001218070 906001218070_6... 8 614540 Georgia NULL NULL | PCLI independent p...  6295630|625514...
3 906001218072 906001218072_2... 8 2453866 Mali NULL NULL | PCLI independent p...  6295630[625514...
4 906001218066 906001218066_1... k] 1036973 Mozambique NULL NULL | PCLI independent p...  6295630|625514...
5 906001218068 906001212068 _3... 8 3438705 Uruguay NULL NULL | PCLI independent p...  6295630|623515...
6 906001218076 906001218076_3... 8 3703430 Panama NULL NULL | PCLI independent p...  6295630|623514...
7 906001218076 906001218076_3... 8 3582678 Belize NULL NULL | PCLI independent p...  6293630[623514..,
8 906001218076 906001218076_3... 8 3624060 Costa Rica NULL PCLI independent p...  6295630|625514...
9 906001218076 906001218076_3... 8 3923057 Bolivia NULL NULL | PCLI independent p...  6295630[625515...
10 906001218076 906001218076_3... 8 3932488 Peru NULL PCLI independent p...  6295630|625515...
n 906001218076 906001218076_3... 8 3658394 Ecuador NULL NULL | PCLI independent p...  6295630|625515...
12 906001218076 906001218076_3... 3 3585968 El Salvador NULL NULL | PCLI independent p...  6295630|625514...
13 906001218076 906001218076_3... 8 3996063 Mexico NULL NULL | PCLI independent p...  6295630|623514..,
14 906001218106 906001218106_1... 8 1062947 Madagascar NULL NULL | PCLI independent p...  6295630|623514...
15 906001218106 906001218106_1... 8 174882 Armenia L PCL independent p...  6295630|623514..,
16 906001218106 906001218106_3... 8 3923057 Bolivia NULL NULL | PCLI independent p... 6293630625515,
< >
T show All Features, - EI

10. The Attribute Table also allows you to select and filter locations, create new fields using the
field calculator, and zoom to selected fields. For example, you may wish to filter based on the
precision with which project location were able to be geocoded (Note: we can take a moment
to discuss geocoding methodology and precision here if there is additional interest.)

1.2.5 NDVI Satellite Imagery

Finally, we will add in our NDVI raster.
1. Using the Data Source Manager, go to the Raster tab and select the .../Desktop/train-
ing_data/ndvi/avhrr_ndvi_2010.tif file, then Add and Close

g =
BRERXE O 3 I8 3 BT -6 [T ®
O NAVER
b 5 x BT f)
vaAwTE-RAO [ o o e N
© gefaid b e —_— //_\ ° )
&[] NGA ADM1 - Q Cortography
¥ NE1SOM_SR W Q Database
‘Source type Q File tools
Q@ Graphics.
@ Fie O Protocol: HTTP(S), doud, etc. @ Interpolation
@ Layertools
Source @ Network anlysis
Q Raster analysis
Raster Dataset(s) | ndvi_2010.6F a Q Rm,te":‘;m‘yﬂs

4 Delmited Tet Identify Resuls s
2 2 5 2N » 8 -
i Geopackge Festure Value
~ . ~ getsid
SR v Title 906001152859
(Derived)
o PostgresaL > (actions)
project id 908001152659
 MssaL project location id 906001152659 2346704
precision_code 4
G geoname id 26754
* place_name Bomo State
Isttude 115
longitude 3
location type code A0M1
locaton type.name fist-order administrativ division
gazetteeradm_code 295630255 EINGIT
gueteer adm name  Esth{AficaNigerisBorno Sate

location_class. 1
geographic_exactness i

is_geocoded 1
s project e SP: Scaling up SLM Practice, Knowleds.

7 start_actual_isodate 2010-11-25

P o Gose rep start_actual type startactual

J48 ArcGIS Map Server e end_actual_isodate 2013-12-31

o - -

~ » Mode |Curentlayer v ] Auto open for
= 77 ven 8 e
slegend enties removed. Coordnate| 15.77,7.73 |85 scoe 1925967 | @ Mooniher[100% [%] rotaton [p0° [2] MlRender @ scianzs 4
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2. The NDVI layer defaults to a grey scale display. To change this, and explore other information
about this layer, right click on the layer in the Layers window and select "Properties"

[ Untitea Project - agis =&

Project Edit View Layer Settings Plugins Vector Raster Database Web MMQGIS Processing Help

DEBRERN 02PN PPRAKEREN
ROV AWV /BR-ZT <8 B
Layers

«a

537833

D © geod
[ NoAAom1
1 NELSOM SR W

3. The "Information" tab will show basic statistics and metadata for this layer

el S NS .

(! Layer Properties - avhrr_ndvi_2010 | Information *
Q

Information from provider "
o Information

Name  avhrr_ndvi_2010
Path Ci\Users\paperspace\Documentsidataindvitavhrr ndvi 2010.4if
CRS  EP5G:4326 - WGS 84 - Geographic

Extent  -180,0000000000000000,-50.0000000000000000 :

2

Source

Symbology 180,0000000000000000, 20,0000000000000000
Unit  degrees
Width 7200
Transparency Height 3600
Data type  Floated - Sixty four bit floating point
Histogram GDAL Driver Description  GTiff
GDAL Driver Metadata GeoTIFF
. Dataset Description  C\Users\paperspace\Documents\data\ndvitavhrr_ndvi_2010.tif
Rendering Compression
Band 1 * STATISTICS_APPROXIMATE=YES
Pyramids * STATISTICS_MAXIMUM=9378.3333333333
y * STATISTICS_MEAN=1401.7654738592
* STATISTICS_MINIMUM=0
Metadata * STATISTICS_STDDEY=1652.5038249032
* STATISTICS_VALID_PERCENT=99.4
More information * AREA OR_POIMT=Area
Legend Dimensions  X: 7200 ¥: 3600 Bands: 1

Origin ~ -180,90
Pixel 5ize  0.05,-0.05

QGIS Server

4. The "Histogram" tab will display the distribution of pixel values (corresponding to NDVI
measurements) across the entire raster layer. You may need to click the "Compute His-
togram" button first. For more details on NDVI and how it is calculated, check out https:
//gisgeography.com/ndvi-normalized-difference-vegetation-index/


https://gisgeography.com/ndvi-normalized-difference-vegetation-index/
https://gisgeography.com/ndvi-normalized-difference-vegetation-index/
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! Layer Properties - avhrr_ndvi_2010 | Histegram X

Raster Histogram

q Information

10000 —
;{g- Source
"” Symbology
— L
Iﬂ Transparency ELLL
Histogram B
a5 g
/ .
& Renderin
A . 6000 —
o)
‘ Pyramids [=
Q
- = 7
a Metadata ]
=t
* 4000
- —
Legend
QGIS Server .
2000
U -
T T T T T T T T T T T T T T T T T T T
] 2000 4000 6000 8000
Pixel Value
W Band 1

5. Go to the "Symbology" tab to change the style or coloring of this layer to be more intuitive for
NDVI. We will use the Red-Yellow-Green color ramp in order to indicate low NDVI with and
high NDVI with green.

e Change "Render Type" to "Singleband Pseudocolor"

e Click on the dropdown arrow for "Color ramp" and then go to the "All Color Ramps"
option and select "RdY1Gn"

e Next click the "Classify" button, then "Apply" and "OK"
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Q Layer Properties - avhrr_ndvi_2010 | Symbelogy x
C -
w Band Rendering
'rf Information I Render type __Siljg_leband ps_eudm_:o_lo_r ~ I
JA\ Source Band Bangl 1 (Gray) w
; Min o Max 3373.33
“’ Symbology P Min / Max Value Settings
I‘i Transparency Interpolation Linear v
U -
. =i = - B o B - - - -
-l Histogram \Sbalitnt | |
. suffix
e Value Color Label
‘ Pyramids G -:
* y 23445825 2345
» 4689.163 4689
! Metadata 7033.7475 7034
937333 I
Legend
E QGIS Server
Mode :Continuous ~ Classes 5 =
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6. The new raster layer style should now be applied, like below
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7. You can use the same "Identify Features" tool from before to look at individual pixel values
by clicking at different points on the map. The values will appear in the "Identify Results"
window on the right.

8. To visualize our Nigeria state boundaries and aid projects on top of the NDVI layer, we can
adjust the order of layers in the "Layers" window by simply dragging layers.

9. Move the "NGA_ADMI1" and "gef_aid" layers above the "avhrr_ndvi_2010" layer

10. Then, we can change the boundaries to display as only an outline instead of a solid fill.
11. Right click on "NGA_ADM1", go to "Properties" and then "Symbology"

12. Click on "Simple fill" (below "Fill" in the white box)

13. Then change "Symbol layer type" to "Outline: Simple line"

14. Change the "Color" and increase the "Stroke width" to improve visibility
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15. Then click "Apply" and "OK".
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Manual Processing

Using states in Nigeria as our unit of analysis, we will now explore how to aggregate both our GEF
Geocoded Aid Project (point data) as well as our NDVI satellite imagery (raster data) to these units.
This will provide us with a sum of project commitments for each state, as well as a mean NDVI
value for each state.

In this section we will first explore the tools and methods used to perform these aggregations
manually in QGIS. In the next section we will see how the GeoQuery web platform can be used to
make this process drastically faster and easier.

Point Data - Aid Projects

In this section, we are going to utilize a "Spatial Join" tool to calculate the total amount of project
commitments going to each state. The spatial join is an operation that aggregates the attribute data
from one layer (GEF geocoded aid) to another (Nigeria ADM1) based on a spatial association (e.g.,
overlapping) and an aggregation function (summation).

1. In the "Processing Toolbox" (right side of window) expand the "Vector general" section and
then double click "Join attributes by location (summary)"
Set "NGA_ADMI1" as the Input layer (this is the layer we want data aggregated to)
Set "gef_aid" as the Join layer (layer which has data we want to aggregate)
Select "Contains" as the spatial operation in "Geometric predicate".
Select "even_split_commitments" from "Fields to summarise"
Select "Count" and "Sum" from "Summaries to calculate"
Then click Run, and "Close" once it finishes (this may take a minute to complete, and will
add a new layer named "Joined layer" to you map when it is done)

Nk WD

o =
Processing Toolbox

. Join by Location (: ) >

Parameters Log

Join attributes by location
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Input layer
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gef_aid [FPSG:4326] +'_ > The additional attributes and their values are taken Q Interpolation
S I from a second vector layer. A spatial criteria is ) Layertools
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applied to select the values from the second layer @ Network analysis
Geometric predicate that are added to each feature from the first layer
in the resulting one. () Raster analysis
[Jintersects [] overlaps QR A o
N " The algorithm caloulates a statistical summary for A Raster terrain analysis
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layer (e.g. maximum value, mean value, etc).
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1 elements selected
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[ Discard records which could not be joined

Joined layer

|[C-ee<e te

Open output file after running algorithm

Run as Batch Process...

0% Cancel

v () Vector general

¢ Assign projection

% Build virtual vector
o Create attribute index

B Create spatial index

4 Define layer projection

3 Delete duplicate geometries

- Drop geometries
% Execute SQL
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8. Check the attributes by right clicking the new layer and open the attribute table. The
"even_split_commitments_count" and "even_split_commitments_sum" columns are the output.
The count is the number of projects in each state. The sum is the sum of project commitments

for each state.

9. Right click on this layer and select "Rename Layer" to change the layer name to "spa-

tial_join_tmp"

10. To save this temporary layer to a file, right click on the "spatial_join_tmp" layer and go to

"Export" and select "Save Features As..."

11. From the resulting window, select "GeoPackage" for Format and set the File name to .../Desk-
top/workspace/spatial_join", set layer name to "spatial_join", then click "OK"

12. You can now remove the temporary "spatial_join_tmp" layer by right clicking on it and
selecting "Remove"



2.1 Manual Processing 25

13.
14.
15.

16.

17.
18.
19.
20.
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2345 Copy Layer
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. 9378 ! Duplicate Layer !
5" NE1 501 [l Remove Layer...

Open Attribute Table
Teggle Editing

N o T8

Now let’s visualize the distribution of aid across states in Nigeria

Right click on the spatial_join layer and click "Properties”, then go to the "Symbology" tab
Change the "Single Symbol" drop down at the top to "Graduated" then select the "even split"
column from the drop down directly below

There are various data classification mode provided by QGIS, such as "Equal Interval", "Equal
Count", "Natural Break (Jenks)", "Standard Deviation", "Pretty Break". These classification
modes use different statistical algorithms to break down the data into separate categories.
Click the "Color ramp" dropdown and select "Blues"

Click the "Classify" button below

(Note: do not worry if the values of your classification do not match the screenshots exactly)
Finally, click "OK"
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2.1.2 Raster Data - NDVI

With the zonal statistics tool, a summary statistic is calculated for each of the administrative states,
based on overlapping pixel values from the input raster dataset. In this case, summary statistics of
NDVI values for each administrative state will be calculated.

1. First, create a copy of the "spatial_join" layer by right clicking and selecting Duplicate
2. Then rename the new layer ("spatial_join copy") to "zonal_statistics" by right clicking and
selecting Rename

ayers g X

o I_@;l ® T E‘Jv_l_fﬂ
W =] spatial :.._:_..

|:| 73 #' Zoom to Layer
|:| g5 »' Zoom to Selection
|:| 16 % Show in Overview
. 24 Show Feature Count
. 31 Copy Layer

o gef_aic

| NGA_

Rename Layer

L Duplicate Layer

v ] = avhrr
. 0 <& Remove Layer...
2345 — Mo A Tl .o TLI-

3. You can adjust the visibility of the "spatial_join" layer and new "zonal_statistics" layer by
clicking the checkboxes next to each layer. Let’s turn off the "spatial_join" and turn on the
"zonal_statistics" layer
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. Open “Zonal Statistics” by going to the "Raster analysis" menu in the "Processing Toolbox"
on the right, and then selecting "Zonal statistics"

Set “avhrr_ndvi_2010" layer to be your Raster layer.

Set "zonal_statistics" to be the vector layer.

Set the “Output column prefix” to “zs_".

Select "Count", "Mean", "Min", and "Max" from the "Statistics to calculate" options

Click "Run" and then "Close" when it finishes. This may take a moment to aggregate the raster

NDVI value to your Nigeria state boundaries
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10. Next, right click "zonal_statistics" layer and click “Open the Attribute Table” to check the new

fields added by zonal stats

11. The new field representing the average NDVI value in each state can be found in the "zs_mean"
column. Additional "zs_" columns have been generated representing the other aggregation

methods (count of pixels, min NDVI value, max NDVI values)
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12.
13.
14.
15.

16.

Now let’s visualize these average NDVI value for each state. Right click the "zonal_statistics"

layer and click “Properties” then go to the "Symbology" tab
Select “Graduated” from the menu at the top of the style window
Select “zs_mean” from the list of columns

Change the Color ramp to "RdY1Gn" by clicking on the dropdown arrow to the right of the
color ramp. Then hover over "All Color Ramps" to see a second dropdown with RAY1Gn

Then click "Classify", and "OK"
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J & o M =€ & e TE S D B ==
itments_sum lm Iml m I 75 max I G
1 90416317407 779 3065.275730915... 2436.083333333... 4599.916666666...
2 237496.507404 1463 4485.34455456824 3208.333333333... 5553.083333333..
3 237496.507404 573 3560.268179173... 1946.833333333... 4874.166666666...
4 Z2732163.5162 167 5678.874750400.. 4541.583333333... 1128.75
5 3316178.7824 1194 3584.454285315.. 1928.583333333... 4935.833333333...
& 1658089.3912 948 5053.961849507... 3904.666666666... 6496
7 570829.340737 674 3407.112141444... 2493.333333333... 5107.833333333...
8 90416317407 790 3125.815034388.. 2385.083333333... 4208.333333333...
g 237496.507404 877 4629.813473964.., 3445.75 3439
10 237496.507404 2378 4356.884636049... 1509.083333333... 5753.583333333.. ;
11 1653089.3912 1109 4789.035392245... 3321.333333333... 6092.583333333...
12 237496.507404 123 4752.901084010... 1703.416666666... 6390.833333333..
13 570829.8340737 1072 3003.029695273.. 1777916666666, 4323.166666666..
14 237496.507404 277 5857.413357400... 4844.416666666... 6897.166666666... 1
15 237496.507404 1938 5052.861134110... 3172.25 7020.25
16 237496.507404 909 5148.187660432... 3513.25 6791.583333333... i
< >
T Show All Features, - EI
&




2.1 Manual Processing 31

) Layer Properties - zonal_statistics | Symbology b4

= Graduated 4— v_.
Column |l-2 z5_mean “_ V| £

Symbol | . Change... |
Legend format | %ol - %2 | |Precisior1 0 i-:-_l| [ Trim
‘ Symbology Method ;E:aor v|

Labels —— -

Classes Histogram

Diagrams _
Symbel Values Legend

. 2913.76 - 3502.49 2914 - 3502
l:‘ 3502.49 - 4091.22 3502 - 4091
Source Fields [] 4091.22-4679.95 4091 - 4680
l:‘ 4679.95 - 5268.68 4680 - 5269
. 5268.68 - 385741 5269 - 5857

3D View

Mode |Equal Interval gl Classes

ary Storage [l P S,
G’ Actions Classify E:-l:‘-lJ = Delete Al | Advanced ¥
_ Link dass boundaries
- Display

P Layer Rendering
& Rendering S . .
v : Stye ~ o« || Cconcel el

Layers =
o @ ®w T &-F AL

v [0 spatial join

|| 237497 - 550407

[] os0407- 1681407

[ 1681497 - 2403497

W 2203407 - 3125097

Wl 3125407 - 3847897

W 214
[ 3502- 4001
[] 4001 - 2680
[T 4880- 5269
W s260- ses7
© gef aid
[] NGA_ADM1
~ [ B avhrr_ndvi 2010
[ K]
245
2689
7034
| ]

5" NE1_50M SR W




2.2

2.2.1

32 Chapter 2. Preparing Data for Analysis

Using GeoQuery

Now that we have explored how to manually prepare data using QGIS, you can imagine what it would
be like if you had 20 different datasets you need to aggregate to 10 different sets of administrative
boundaries.

To help reduce technical barriers and processing burdens often associated with incorporating
spatial data into research, AidData developed GeoQuery to do the work for you. GeoQuery offers
over 45 datasets on aid, conflict, the environment, population, and more that can be aggregated to
administrative boundaries for every country in the world.

In this section we will look at how you can replicate the work we have just done in a fraction of
the time by using GeoQuery.

Web Interface
To get started with GeoQuery, go to geo.aiddata.org and click the Get Data button.

1. The first page of GeoQuery is where you can select the unit of analysis - or the geographic
boundaries you are interested in aggregating data to. Let’s search for "Nigeria"
2. Select ADMI or state option for Nigeria (Nigeria ADM1 Boundary - GADM 2.8)

44 AIDDATA Oreb  Dstheniets  BsubmicReaues
A Rescarch Lab Wil ry

Select a Boundary to Begin Data Extraction

nigeria

Nigeria - GeoBoundariesv1.3.3

Nigeria GADM 2.8

Select A Boundary On The Left To Begin.
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44 AIDDATA

A Rescarch Lab at William & Mary

@ 1. SELECT BOUNDARY W 2. CUSTOMIZE DATASETS / == 3. REVIEW REQUEST

Select a Boundary to Begin Data Extraction

Nigeria - GeoBoundaries v1.3.3 X

Select a Subboundary
Nigeria ADM1 - GeoBoundaries v1.3.3

O Nigeria ADM2 - GeoBoundaries v1.3.3

«BACK SEARCH DATASETS »

Tory Coast

Libaria

»

Click the Search Datasets button to load all datasets in GeoQuery with data for Nigeria

4. Select Global Environment Facility Geocoded Aid Data v1.1.0 on the left of the data
selection screen. For this example, we will leave the default "All Sectors" filter and not select
any additional filters. Other filters available include: project title, project status, commitment

amount, start and end year, as well as location type and other geocoding details.

5. Click the Add to Request button.
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9 2. CUSTOMIZE DATASETS
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Datasets (44/44) Advanced Options [SNEREEERISINY Global Environment Facility Sectors Geocoded Aid Data V1.1.0 RAUaIY Nigeria ADM1 - GeoBoundaries V1.3.3

‘World Bank Geocoded Aid Datav1.4.2

Global Environment Facility Sects d Aid Data v1.1.0

Chinese Official Finance v1.1.0 - All Flow Types

Chinese Official Finance v1.1.1 - OOF-like Flow CEmTEEl T

Sectors Names (4) eQ
Chinese Official Finance v1.1.1 - ODA-like Flow

Protected Areas (IUCN Categories) Al Sectors Names
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Physical Elevation

6. Next click the Normalized Difference Vegetation Index - NDVI (LTDR v4 - AVHRR)
dataset from the menu on the left

7. Choose Mean as the Extract Options, and 2010 under Years.

8. Click the Add to Request button.

Selection

«Select a Different Boundary. Submit Request»

All Categories Normalized Difference Vegetation Index - NDVI (LTDR v4 - AVHRR) ‘

Datasets (44/44) Advanced Options [T BN N 1\ ralized Difference Vegetation Index - NDVI (LTDR V4 - AVHRR) RoRUIl Migeria ADM1 - GeoBoundaries V13,3 calcu\atingin

VIR NIgHLUme Lignts v

DMSP-OLS Nighttime Lights [i]
Precipitation (Yearly Average) L]
Air Temperature (Yearly Average) i} T
Customization
UCDP Conflict Deaths Li]
Extract Options (1/3) =) Years (1/36) fs]
Ground Slope Li] x
Al Extract Options 2011
Physical Elevation [i]
Min ) v 2010
©On-Shore Petroleum Li]
v Mean (i) 2009
Yearly Daytime Land surface temperature - MODIS i}
Max Py 2008
MODIS Land Cover (GLCF, Version 5.1) o
2007
ormalized Difference Vegetation Index - NDVI (LTDR v4 - AVHRR) Li]
2006
Population Density (GPW V4, UN Adjusted) [i]

9. Click Submit Request in the upper-right, then Review Request.
10. Enter the email address you would like the results sent to on the right, and click submit

With the above steps completed, your request will have triggered a job on the SciClone high per-
formance computing cluster at the College of William and Mary. All jobs are processed dynamically,
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so depending on the complexity of your request you will likely receive a completion email within 5
minutes to approximately 4 hours for extremely large or complex jobs.!

When your job is complete, you will receive an email directing you to the permanent download
page for that data. You can also always retrieve your history of data requests and downloads by
clicking "Past Requests" at the upper-right of GeoQuery and entering your email address.

RETURN TO CURRENT REQUEST Selections included in Request 01-03-19 12:23
START ANEW REQUEST
Global Environment Facility Sectors Geocoded Aid Data v1.1.0 DETAILSV
Request Status

EIROPRIY i1 ot Fcityscors Geocied 5 Dt V.10 Gl Nieria AOM3-GeoBoundaris V155

Normalized Difference Vegetation Index - NDVI (LTDR v4 - AVHRR) DETAILSV
REQUESTZIP[® DOCUMENTATION PDF (B RESULTS CSVDY
Request 01-03-19 12:23 is ready for download! 2010
« Submitted: Jan 03,2019
+ Boundary: Nigeria ADM1 - GeoBoundaries v1.3.3
Customization: 1 AidData Selection and 2 External D. AT .
DMSP-OLS Nighttime Lights DETAILSV
CSV Column Names
Each CSV will contain a column labeled "asdf id" which has values for each feature that ar (within that boundary Extract dtafrom (D vichin () ctcoins () i () o D
dataset), one or more columns for your extract data, followed by i th g from — -

GADM)

‘The standard format for extract data column names is a three part string delimited by periods ()
Example: <dataset>.<filter>.<method> = gpw_v4_count.2010.sum

For more details, please read quest results.

If for some reason you cannot submit a new job or it is taking more than a few minutes to
complete, you can view the results page for an existing request we created for the same data:

http://geo.aiddata.org/query/#!/status/5c2e4511c15e002940b7ff8f

Understanding Results

Once your request is completed, you can download three different files: a PDF containing
descriptions of your data, a CSV containing your data itself, and a zip file containing everything
generated during your request (including CSV and documentation). If you download the CSV and
open it in a common program such a Libre Office or Excel, you will see an output very similar to
that seen below.

[ A ] B | S |
1 _lasdf id _globalenvironmentfacility_geocodedresearchrelease levell v1 1 0.2f7c253.surltdr_avhrr ndvi v4 yearly.2010.mean
2 0 13879.0323585 4068.06387235
3 1 1979661.38747 2503.54696242
4 2 2282784.5174 2644.79167597
5 3 2507967.70174 7207.18815481
6 4 4927579.805 6878.50744427
T 5 7424211.90277 3532.9963398

Each row represents a geographic boundary, and each column represents data associated with that
boundary. In the PDF automatically prepared for you, you will find a description of exactly what
each column means, how it was generated, and how to cite the underlying information. To identify
what a column name means, the quickest way to find it is to open your documentation PDF and

I'The average request time is about 2 minutes but in some cases jobs may take 24 hours (or longer) depending on the
number of users on the system (i.e. if many users concurrently put in extremely complex jobs). If you have put in a request
for a job and it has been longer than 24 hours, you can reach out to the GeoQuery support team at geo@aiddata.wm.edu.


http://geo.aiddata.org/query/#!/status/5c2e4511c15e002940b7ff8f
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search through it (i.e., ctrl+f ) for the name of the column. Units and other key information are
provided in the documentation as well.

Selection 2 - Normalized Difference Vegetation Index - NDVI (LTDR v4 - AVHRR)
Momalized Difference Vepetation Index - NDW|

Title (LTDR w4 - AVHRR)
Mame Itdr_avhrr_ndvi_w4_yearly
Version 4

Format:

“Itdr_avhrr_ndvi_wd_yearly. <temporals . <method >
for all combinations of <temporal> and <method?
which can be found in the “Temporal Selection™ and
"Extract Types Selected” fields below (1 columns

Column Names total)
Temporal Selection 2010
Extract Types Selected mean (average MDV| value per unit of analysis)

Y early value for Nomalized Difference Vegetation
Index (MDWVI). Created using the NASA Long Term
Description Data Record (v4) AVHRR data.

Created by aggregating daily data to monthly by
taking the maximum value, then averaging the
maonthly data to get yearly values. All negative NDVI|
values were truncated to 0 and saturated pixels were
adjusted to the max of the normal MOV range

Details NILHEUR
([[-180.0, 90.0], [-180.0, -80.0], [180.0, -90.0], [180.0,
Bounding Box 90.0], [-180.0, 90.00])
Date Added 2017-07-25
Date Updated 2017-07-25
Source Mame MNASA/Goddard Space Fight Center
Source Link httpe/itdr.nascom.nasa.gow/itdritdr. htmi

Pedelty JA, Devadiga S, Masuoka E et al. (2007)
Generating a Long-term Land Data Record from the
AVHRR and MODIS Instruments. Proceedings of
IGARRS 2007, pp. 1021-1025. Institute of Electrical

Citation and Electronics Engineers, NY, USA.
Wariahle Description positive NDVI values 0:10000
Resolution 0.05

Factor 10:000.0

2.2.3 Visudlizing Results in QGIS

In this section, we are going to visualize the data that you request from the last section. To save time,
we included the request results in the data folder for you.



2.2 Using GeoQuery 37

1. First, let’s move all of our existing layers into a group so that we can manage our data more
easily.
e Use the "Add Group" button in the "Layers" window to create a new group called "raw
data"
e Then select all the existing layers and drag them into this group
e You can now toggle the visibility of this group or collapse the group’s contents to make
room

LE}"EL g X
o|@l®: T &, -5 & L
v [ il raw data B

v .

=

[ ] 237497 - 950497
[] 950407 - 1681497
I 1681497 - 2403497
B 2403497 - 3125407
B 3125407 - 3847407
hd I~ zonal_statistics
B 2o:-350
[ 3502 - 4001
[ ] a091- 4580
[ 4680 - 5260
B s260- sas7
o gef_aid
[ ] NGA_ADM1
hd " avhrr_ndvi_2010
B
2345
4689
7034

| kR

" NE1_50M_SR_W

2. Next, let’s load in a fresh copy of our Nigeria state boundaries
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NEARGERY N9 2L pRPPRALLNR[[@e-N-8-L, 22 = - O-
@eV.Am 1 /BR-FE <D E =4EH%E55% QQR 2 B ¥

Layers 8 x ; A = ® ]
|| O

v @l Te B3RO k. U e g P $ “ F- ‘ 4
o °

1 [l NGA ADM1 r a:' ° 0p %@ ..C- r

e e o S c A o e

1! Data Source Manager | Browser | Vector

A~
Source Type

@ File (O Directory () Database () Protocol: HTTR(S), doud, etc.
Enceding System

° _4:_ Mesh Source

Vector Dataset(s) |C:\Jsers|paperspace \Documents\data|NGA_ADM Lgegison

- Delimited Text

3. Now we will add the GeoQuery results to QGIS as a data only layer. We will join this to our
Nigeria State boundaries after.

4. Add the .csv file by opening the Data Source Manager and using the "Delimited Text" tab to
add the .../Desktop/train-
ing_data/geoquery_results/5c2e4511c15e002940b71f8f/5c2e4511c15e002940b7{f8f_results.csv
file

5. Name the layer "geoquery_data"

6. Since this .csv is an attribute only file, make sure to select "No geometry” in the Geometry
definition.

7. Click "Add" and then "Close"

8. (Note: this may add this layer to the "raw data" group. Simply drag the "geoquery_data" layer
outside the group if needed)

BERRY 0229 NPPRALBRNOR
Voo W) BRPF *

O Regular expression delimiter

O Custom delimiters

P Record and Fields Options
v Geometry Definition

O point coordinates.

O wiel known text (wKT)

@ o geometry (atribute oriy table)

Geometry GRS EPSG:4326 -GS 84

P Layer Settings
Sample Data

asdtid y  levell V11014020050 fdr_avt A
10 2s10nTITe ST06303

< >

Close. Add Help
° F }
° L
% >
-~ -
(T o -
Coordnate [ 15.98,13.15 |9 Scole[1:3997204 ] @ wagnifer [100% __[2] Rotaton 00 (3] Render S psaiars @

9. Now let’s join the GeoQuery data to our boundaries by right clicking on the new
"NGA_ADMI1" layer and going to "Properties" and then the "Joins" tab
10. In the "Joins" tab, click "+" sign on the bottom.
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11. Choose "geoquery_data" as "Join Layer".
12. Select "gbid" as both the "Join field" and "Target field"
13. Click "OK" and then "Apply"
Layers F X Q .,-:, - T_ fl N 7# — - 5
‘(m"‘fsnvgt‘:fﬂ ayer Properties - NGA_ADN oins |
geoquery_data 4_ o Setting Walue
M nGa ADm1 e (i Information o
> & raw data e ! Add Vector Join X
A8 source
¥ symbology Toin field wbegbid v
€7 Labels Target field abc ghid ~
Cache join layer in virtual memary
v Create attribute index on join field
] Dynamic form
N 30 View » [ ditable join layer
E Source Fields » [ cined Fields
P [ custom Field Name Prefix
B8] Astributes Form
/ =
=]
BB actions =17
B oipiy o | Stle - oK Cancel T Help

14.

newly joined data

15.
16.
17.

ramp.
18.

Click "Classify" and the "OK"

Change the "Single Symbol" drop down at the top to "Graduated".
Select "geoquery_data_globalenvironmentfacility..." as the column.
Set the color ramp to "Blues" by clicking on the dropdown arrow to the right of the color

Without closing the Properties window, go to the Symbology tab to style our layer with the
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(! Layer Properties - NGA_ADM1 | Symbology

X

| = Graduated ‘_

i |

f i Information Calumn

|1-2 geoquery_data_globalenvironmentfacilitysectors_geocodedresearchrelease_levell w1 _1_0.14f2%e0.sum

v| [€]

Symbal |

iChange... |

J{:\_\ Source

Legend format | %%l - %2

| |Precisior1 0 li" |:| Trim

Symbelegy

~ |

Method |Color
b [oom] | ¢
Classes Histogram
Diagrams -
Symbel Values Legend ~
30 NView |:| 68111.19 - 1588837.61  68111.1906 - 1588837.6085
D 1588837.61 - 3109564.03 1588837.6095 - 3109564.0283
Source Fields . 3109564.03 - 4630290.45 3109564.0283 - 4630290.4472
. 463029045 - 6151016.87 4630290.4472 - 6151016.8660 ~
Attributes Form e i TR SR TR e R
Classes

Mode |Equal Interval -

b M Crommmnnbaio Flaccioatinm

Joins

wxiliary Storage
Link dass boundaries

Actions
P Layer Rendering

| Conced [ menly || eb

Layers
YA®TE&E-RAO
| geoquery data

[T 15es837.6095 - 3109564.0283

[ 31095640283 - 46302904472

Wl 45302004472 - 61510168660

W 51510168660 - 76717432049
> @ rawdata

19. To visualize the NDVI data from GeoQuery, we will rename our layer to "geoquery_aid",
create a duplicate of the layer, and rename the duplicate to "geoquery_ndvi"



2.2 Using GeoQuery 41

Layers g X
« @l®T&E~FATL
= geoquery data

v 11 geoquery aid <=
|| 68111.1906 - 1582837.6095
| ] 1582837.6005 - 3100564.0283
] 3100564.0283 - 4630200.4472
B 4630290.4472 - 6151016.8660 Show Feature Count

Bl 61510168660 - 7671743.2849 Copy Layer
y [ raw data

Zoom to Layer

Zoom to Selection

ed U O

Show in Overview

Rename Layer

L] Du plicate Layer

[l Remove Layer...

20. Open the layer properties for the "geoquery_ndvi" layer and go to the "Symbology" tab.

21. Change the column to "geoquery_data_ltdr_avhrr_ndvi_v4_yearly.2010.mean"

22. Change the Color ramp to "RdY1Gn" by clicking on the dropdown arrow to the right of the
color ramp. Then hover over "All Color Ramps" to see a second dropdown with RAY1Gn

23. Click "Classify" and then "OK".

— = e e ——— | = - e

Layers a8 x
) (3 Layer Properti _ndvi | Symbology X
v B ®T&-FH0L .

e CO T 3
2 geoquery_aid y r"i =t " Column ‘1-2 geoquery_data_ltdr_avhrr_ndvi_v4_yearly.2010.mean 4— V|
68111.1906 - 1588837.6095
=] Symbol [ [l change... |
[ 1588837.6005 - 31095640283
[ 3108564023 - ds30290.4472 Legend format | %1- %2 | [Predsion o [=] O Trim
Wl 26302904472 - 6151016.8660 Method | Color <]
B crsi0teosso- 76717432009 _-— -

| geoquery ndvi <=

I . AT Classes Histogram
= [ 3501 - 4050 Symbol Values Legend A
[] 4000- 4678 = 2912.86- 350139 2913 - 3501

%]

[ 4672- 5267
W s257- 5856
> A raw data

[] 3501.39-4089.92 3501 - 4080
[ ] 4088.92 - 467045 4080 - 4678
[ 4678.45-5266.98 4678 - 5267

Mode | Equal Interval 52 Classes
P 71 St £l ccsfictinn _

Link dass boundaries

P Layer Rendering

L[ e o]

o [ | ][ e

T
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Layers a8
o @ ® V&AL
geoquery _data
~ [0 & geoguery aid
[ 6e111.1906 - 1588837.6095
[] 15888376095 - 3109564.0283

[ 3109564.0283 - 4630290.4472
[ 45302904472 - 61510168660
Wl 51510163060 - 7671743.2840
~ 5 geoquery navi
W 25133501
[T 3501 - 4090
[ ] 4000- 2672
[ 4672 - 5267
W 526752356
> B @ raw data

For general raster data, GeoQuery should usually provide similar results to the zonal statistics
method used in QGIS, but improvements in underlying algorithms often result in at least some
difference. Differences may be more noticeable in some cases for a variety of reasons including
raster measurement data resolution and the size of boundary features being used.

The methods for aggregating aid data used in GeoQuery are substantially different than the point
based method we explored in QGIS. GeoQuery uses codes assigned during the geocoding process to
associate each project location with more realistic polygon based geometries. Aid is then dispersed
across these polygons rather than being assigned to a single point location.
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3.0.1 Targeting Aid Using GeoQuery

Here we will show a very basic example of how data from GeoQuery can be manipulated in
common spreadsheet format, for targeting or other statistical or analytical purposes, and then loaded
back into QGIS to spatially visualize the results.
For this example, instead of examining the raw aggregated values of aid and NDVI we receieved
from GeoQuery, let’s generate rankings to perform a simple targeting based on what states receive
the least amount of relative aid and have the lowest relative NDVI values.
1. Open your GeoQuery CSV in Excel or Libre Calc (.../Desktop/train-
ing_data/5ae89aSbc15e00da98ff0f87/5ae89a5bc15e00da98ff0f87_results.csv)
2. create two new columns called "aid_rank" and "ndvi_rank"
3. use the RANK function to rank the aid aggregations in column B and the ndvi aggregations in
column C (e.g., =RANK(B2, B$2:B$33)

R2 | fx I = |=RANK(B2,B52:B5$33)
D [ E [ c ] H | [J] Kk J L [M] N [ o P [Q] B
1 |CCN_1 NAME 0 Shape_Area YARNAME 1 ENGTYPE 1 NAME 1 ID_0 HASC 1 CCA 1 ID_1 TYPE 1 Shape_Length NL_NAME 11SO aid_rank___ndvi rank
Mexico 0.455085 State Aguascalientes 145 NX.AG 1Estado 2.805223 (=71 — 26
3 Mexico 6.425989 State Baja California Sur| 145 MX.BS 2 Estado 56.642878 MEX. 10 32
4 Mexico 6.935157 State Baja California 145 MX.BN 3Estado 30.144752 MEX 9 31
5 Mexico 49281 State Campeche 145 MX.CM 4 Estado 19.770088 MEX. 8 1
6 Mexico 6.232582 State Chiapas 145 MX.CP 5 Estado 18.455846 MEX. 5 4
7 Mexico = 22179338 State Chihuahua 145 MX.CH 6 Estado 24718163 MEX. 2 30
8 Mexico | 14.083734 State Coahuila 145 MX.CA 7 Estado 21.014328 MEX. 14 29
9 Mexico 0.479665 State Colima 145 MX.CL 8 Eslado 4582133 MEX. 28 7
10 Mexico 0.137604 Federal District Distrito Federal 145 MX.DF 9 Distrito Federal 1.6242 MEX 32 25
11 Mexico | 11.092258 State Durango 145 MX.DU 10 Estado 19.119391 MEX. 12 23
12 Mexico 2677437 State Guanajuato 145 MX.G1 11 Estado 9.371481 MEX. 26 21
13 Mexico 5.532332 State Guerrero 145 MX.GR 12 Estado 16.703545 MEX' 4 10
14 Mexico 1.842748 State Hidalgo 145 MX.HI 13 Estado 9.344134 MEX. 19 12
15 Mexico 6.595676 State Jaiisco 145 MX.JA 14 Estado 24655214 MEX. 11 13
16 Mexico 1993861 State M Fixico 145 MX.MX 15 Estado 9.501047 MEX 15 19
17 Mexico 5.082846 State Michoac Hn 145 MX.MC 16 Estado 16.117549 MEX. 7 11
18 Mexico 0.435073 State Morelos 145 MX.MR 17 Estado 3.081499 MEX. 29 16
19 Mexico 2.393142 State Nayarit 145 MX.NA 18 Eslado 15.818823 MEX. 22 8
20 Mexico 5841792 State NuevoLeF[n 145 WXL 18 Estado 16.610488 MEX. 24 20
21 Mexico 7.707076 State Caxaca 145 MX.0A 20 Estado 23.746206 MEX. 1 9
22 Mexico 2.888897 State Puebla 145 NX.PU 21 Estado 13.837959 MEX. 20 18
23 Mexico 0.099768 State Quer [2taro 145 MX.QE 22 Estado 5.807050 MEX. 27 17
24 Mexico 3.764375 State Quintana Roo 145 MX.OR 23 Estado 29.526269 MEX 6 3
25 Mexico 5527162 State San Luis Poos i | 145 MX.SL 24 Estado 14.811564 MEX. 21 22
26 Mexico 4.780722 State Sinaloa 145 MX.51 25 Estado 38.314801 MEX. 25 15
27 Mexico = 17.256229 State Sonora 145 MX.50 26 Estado 38578136 MEX. 17 28
28 Mexico 2.030078 State Tabasco 145 MX.TB 27 Estado 13.90615 MEX. 13 5
29 Mexico 7.013091 State Tamaulipas 145 MX.TM 28 Estado 49011123 MEX. 23 14
30 Mexico 0.358126 State Tlaxcalia 145 MX.TL 28 Estado 2.938221 MEX. 31 24
31 Mexico 5931054 State Veracruz 145 MX.VE 30 Estado 32.873701 MEX. 3 6
32 Mexico 3.295681 State Yucat Hn 145 NX.YU 31 Estado 13.469015 MEX. 16 2
33 Mexico 6.690325 State Zacatecas 145 MX.ZA 32 Estado 21147914 MEX. 18 27
34

4. Save this as a CSV file (NOT an .xIs file) in your workspace as "ranking.csv"

Now that we have our ranking data, we will join it back to our states like before. Then we can
generate a map for each set of rankings which we can visually compare.

1. Add the .csv file by click "Add Delimited Text Layer" on the left toolbar.

2. Click "Browse" to add the .../Desktop/training_data/workspace/ranking.csv

Since this .csv is an attribute only file, make sure to select "No geometry" in the Geometry
definition.

Click "OK" to add this layer.

Create another copy of our "NGA_ADMI1" layer and rename it to "aid rank"

Go to Properties > Join and click "+" sign on the bottom.

Choose "ranking" as "Join Layer".

Choose "asdf_id" for "Join Field" and "Target Field".

Click OK

98]

e
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“\

‘. General Join layer Join field Target field Memory cachi Prefix Joined fields

% style

€% Labels

B Fields

¢ Rendering

. Display

@ Actions

Join layer ranking

: Add vector join

Join field | 123 asdf id

Target field | 123 asdf id

IR piagrams [ cache join layer in virtual memory

fi Metadata

Variables

» [ | Choose which Fields are joined

» [ | Custom field name prefix

Legend

| cancel |

Help || style ~+| Apply || Cancel

To visualize aid ranks:

1.

® NNk WD

Open the "aid rank" layer properties.

Navigate to Style tab, change the top option to "Graduated".

Select "ranking_aid_rank" as the column.

Select the "invert" option next to color ramp since lower ranks indicate more aid
Choose "Pretty Breaks" in classification mode.

Change the number of classes to 10

Click "Classify".

Click "OK".
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Browser Panel B8
Qev®o

» [ Home
<7 Favourites

>/
P MssQL
@ postais
# spatialite
© ows
® wes
@ wrs
@ wms

S

B

B8 85N

«

]

Layers Panel 88
e 78R ADOQ
¥ [ & ndvirank
@l 10-72
@O 72-134
&[] 134-196
@ [0 196-258
-32.0

L ranking

7 [l MEX_ADM1
& I NE1_S0M_SR_W

Zoom to Lat Lon

Enter 'Latitude, Longitude' | #) &)

Toggles the editing state of the current layer

Coordinate [ -109.35,16.26 % scale [1:6,792,044 | v | Rotation |0.

And to visualize NDVI ranks:
1. Make a copy of the "aid rank" layer
Rename this layer to "ndvi rank”
Open the layer properties.
Navigate to Style tab, change the top dropdown to "Graduated".
Select "ranking_ndvi_rank" as the column.
Set the color ramp to "RdY1Gn"
Select the "invert" option next to color ramp since lower ranks indicate large NDVI values
Choose "Pretty Breaks" in classification mode.
Change the number of classes to 10
Click "Classify".
. Click "OK".
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3.0.2 Exporting Maps

As a final step, we can add a legend to these maps and export them to a PDF using the QGIS Print

Composer tool. Let’s start with the NDVI rank map. Before opening up the Print Composer, make
sure the current QGIS window displays the spatial data you want to print out, as the Print Composer
captures what is currently visible.

o Click the Project menu on the main toolbar along the top, and select "New Print Composer"
e Assign a title - "ndvi rank map" - and click OK
e First, let’s add a border for our map
— Step 1- Click the Add Shape tool on the left
Step 2- Draw a rectangle over the print area that we want our border to cover
Step 3- Click on the Item properties menu on the right
Step 4- Click Change for the Style options
Step 5- Click on the Color field and change to black
Step 6- Click OK on the color and style windows
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= LR
8 3 NN = 1
£ . P P \ PR BB e R (items ]| command history
V3 Command history ®
<empty>
shape added
21 2 Composition | ltem properties | Atlas generation
© | 1 Item properties ®)
1 shape
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Rectangle

r radius | 0.00 mm

9 select color

style [Ichange..

» Position and size

» Rotation

» ltem D

» Rendering

v Variables
Variable Value
» Global

- m » Project

3 Fill oG
ompos...
HTML notation (#000000 W simple il v Compos...
item_id

item_uuid {1d43060c-33b5-47aa-9676-d581ba.

& layout p... 1

urrent rency 0%

> \:-:\_ -
old

oK i cancel oK.
e Next, we will add our map
— Step 1- Click the Add Map tool on the left
— Step 2- Draw a rectangle over the area you want the map to cover
items | Command history

Legend added

Auto update changed
Legend item removed
Item deleted

Legend added

Item deleted

item deleted

Map added

Composition | Item properties | Atlas generation

Item properties &
Mapo

v Main properties

Cache <) | Update preview
scale 10291982 =N
Map rotation [0.00° €

& Draw map canvas items

Lock layers for map item -~ &

v Extents
Xmin [-119.160
Ymin [13.264

Xmax |-85.919

Ymax 35425

Set to map canvas extent

View extent in map canvas

» ' Controlled by atlas
Grids

Overviews

»

>

» Position and size
» Rotation

»

Frame

» & Background

b -66.9515 mm y: 45.1416 mm _page: 1 522% | v 1item selected

e Let’s also add a legend
— Step 1- Click the Add Legend tool on the left
— Step 2- Draw a rectangle over the area you want the legend to cover
— Step 3- Select the Item properties menu



49

— Step 4- Turn off Auto update
— Step 5- Select all the legend entries except for ndvi rank

— Step 6- Click the red minus arrow to remove the unwanted legend entries

4

ST

5

e

6

ol

onbAlanan

+ | 1item selected

x: 375.842 mm y:358.089 mm  page: 1 52.2%

. Items | Command history

Command history

Label font changed

Label font changed
Change item size

Change item size

item deleted

item deleted

Legend added
0 update changed
Composition T Item properties

Item properties
Legend

v Main properties

Title Legend

Title alignment |Left
Map Map 0

Wrap text on

& Resize to fit contents
v Legend items

Auto update

» (9 ndvi rank
~ ™ aid rank

Atlas generation

Updateall

VA @ &=

7] Only show items inside

» Fonts
» Columns

» symbol

h)[=)(T)

current atlas Feature

e Finally, let’s add a title
Step 1- Click the Add Label tool on the left

Step 3- Select the Item properties menu

Step 4- Add a title to the text field

Step 5- Click Font to adjust the font type and size
Step 6- Vertically and horizontall center the text

Step 2- Draw a rectangle over the area you want the title to cover
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x: 490.471 mm y:183.102mm page: 1

522%

~ | 1item selected

21 ] items | command history
Command history )
Label text changed
Label font changed
Label alignment changed
Label alignment changed
Label alignment changed
3 Label alignment changed
change item position

> \‘WQN

Composition | Item properties | Atlas generation

tem properties ®|

4 Label

v Main properties

NDVI Rank Map

Render as HTML
Insert an expression.
3 Appearance

Font.

@O select Font Font color -

Font Font style size Horizontal margin [1.00 mm
| | Medium 36

ctical margin ~ [1.00 mm

o Tiwg Typist Medium 22
B Tiwg Typo Bold 24 joridgtal alignment
TlwgMono Bold Italic 26 @® Center O Right
TiwgTypewriter Medium Italic 28
Light itaic = VertidRglignment
Ubuntu Condensed Light 48 Top @ Middle Bottom
Effects sample » Position and size
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» Rotation

aBbYyzz [ .

Writing System
g » Background
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cancel ok
» Rendering

v Variables

e To print the map to a PDF, use the Export as PDF button on the upper horizontal toolbar and
select a location to save to.

Legend

aid rank copy
1.0-5.0
5.0-10.0
-15.0
-20.0
-25.0
-30.0
-32.0

NDVI Rank Map

Now you can repeat these steps for the aid rank layer. First, make sure to go back into the main
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QGIS window and toggle off the "ndvi rank" layer and toggle on the "aid rank" layer - remember the
Print Composer uses what is visible on the map.

Aid Rank Map

Legend

aid rank

Bl 10-50

Il 5.0-100
I 10.0-15.0
[ 15.0-20.0
[ 20.0-25.0
[] 25.0-30.0
[] 30.0-320




4. Exploring Landsat 7 Satellite Data

NDVI

Here is an example of an NDVI scene derived from Landsat 7, acquired from the Bulk Download
and Processing tool which accompanies Earth Explorer

1. Go back to QGIS

2. Click the "Add Raster Layer" tool

3. Select .../Desktop/training_data/ndvi_data/ndvi_example/ndvi.tif

4. Right click on the new layer in the "Layer Panel" and use "Zoom to Layer"

In this scene of NDVI for an area of Afghanistan, we use a Red Yellow Green color ramp to indicate
low > high NDVI values.
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If you zoom in and explore this scene, you can notice two colors not on the Red Yellow Green scale,
which represent types of problems we encounter with satellite imagery.

1. White - this represents no data. In this case there a bands of no data across the entire image.
This is due to a failure in the Scan Line Corrector (SLC) on-board Landsat 7 which impacts
all images after the failure ( 2003). While this specific issue is not common, it is indicative of
various issues and quirks that need to be accounted for and a quite common in satellite
imagery.

2. Light Blue - this represent areas which were covered by clouds. Cloud cover is an ever
present issue when using satellite imagery. Solutions include dropping scenes from analysis,
ignoring or masking cloud pixels, and aggregating multiple scenes.
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4.2 RGB Bands

Next we will look at some individual bands for a scene of Landsat imagery, and use QGIS to
composite them into a natural color (Red Green Blue) image.

1.

N

oWk Ww

Click the "Add Raster Layer" tool

Select the 3 layers ending in b1, b2, and b3 within
.../Desktop/training_data/bands_example to load individual bands for a scene
Turn off the visibility of any layers in QGIS except for these 3 layers

Go to "Raster > Miscellaneous > Build Virtual Raster"

Select "Use visible raster layers for input"

Select a path for "Output file" (e.g.,
.../Desktop/training_data/workspace/natural_color.vrt

Select the "Separate” option (this will put each input file into a corresponding RGB band,
otherwise they will be merged into a single band)

Select "Load into canvas when finished"

Click "OK"

Right click on the new layer in the "Layer Panel" and use "Zoom to Layer"
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. Build Virtual Raster (Catalog)

[ Use visible raster layers For input

Input files Select
Output file fnatural_color| | Select...
[] Resolution

[] source No Data

[] Target SRS Select
& Separate

["] allow projection difference

[ Load into canvas when finished

/mediafuserw/1566-826B/gef_training/data
/bands_example/LEO7_L1TP_165068_20100
502_20161215_01_T1_b1.Lif | |

Help Close oK

You will notice the same SLC issue, and will also be able to see numerous clouds across the image.

References for this example:
1. https://landsat.usgs.gov/
how-do-landsat-8-band-combinations-differ-landsat-7-or-landsat-5-satellite-data


https://landsat.usgs.gov/how-do-landsat-8-band-combinations-differ-landsat-7-or-landsat-5-satellite-data
https://landsat.usgs.gov/how-do-landsat-8-band-combinations-differ-landsat-7-or-landsat-5-satellite-data
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2. https://gis.stackexchange.com/questions/185064/
how-to-make-band-composite-image-in-qgis?utm_medium=organic&utm_
source=google_rich_qa&utm_campaign=google_rich_qa


https://gis.stackexchange.com/questions/185064/how-to-make-band-composite-image-in-qgis?utm_medium=organic&utm_source=google_rich_qa&utm_campaign=google_rich_qa
https://gis.stackexchange.com/questions/185064/how-to-make-band-composite-image-in-qgis?utm_medium=organic&utm_source=google_rich_qa&utm_campaign=google_rich_qa
https://gis.stackexchange.com/questions/185064/how-to-make-band-composite-image-in-qgis?utm_medium=organic&utm_source=google_rich_qa&utm_campaign=google_rich_qa

G. Data Sources
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Boundary Data

Global Administrative Boundaries

- https://gadm.org/

— http://geoquery.org/geoboundaries/
Global Protected Areas

— https://www.protectedplanet.net/
US Census Boundaries

— https://www.census.gov/geo/maps-data/data/tiger-cart-boundary.html
Humanitarian Data Exchange (HDX) - Mali Example - offers broad range of development
oriented data

— https://data.humdata.org/dataset/administrative-boundaries-cod-mli
World Food Programme - range of spatial data available

— https://geonode.wfp.org/

Satellite and Measurement Data

USGS Earth Explorer
— Excellent tool for acquiring Landsat scene as well as a range of other satellite data from
government programs
— Bulk download tool also available to use with scene lists acquired from Earth Explorer
— https://earthexplorer.usgs.gov/
ESA Land Cover
— Example of data viz portal along with manual download of zip containing all files for
dataset
— http://maps.elie.ucl.ac.be/CCI/viewer/index.php
Nighttime lights
— Example of satellite collection a type of data changing
— Example of standardized, public, web scrapable links
— https://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html
— https://ngdc.noaa.gov/eog/viirs/download_dnb_composites.html
SEDAC - Socioeconomic Data and Applications Center
— Example of curated data portal
— Login required
— Manual downloads
— http://sedac.ciesin.columbia.edu/data/set/
gpw-v4-population-density-adjusted-to-2015-unwpp-country-totals-rev10
LTDR NDVI
— Example of updated data changing download format
— https://1tdr.modaps.eosdis.nasa.gov/cgi-bin/ltdr/1tdrPage.cgi?
fileName=products
— https://ladsweb.modaps.eosdis.nasa.gov/archive/


https://gadm.org/
http://geoquery.org/geoboundaries/
https://www.protectedplanet.net/
https://www.census.gov/geo/maps-data/data/tiger-cart-boundary.html
https://data.humdata.org/dataset/administrative-boundaries-cod-mli
https://geonode.wfp.org/
https://earthexplorer.usgs.gov/
http://maps.elie.ucl.ac.be/CCI/viewer/index.php
https://ngdc.noaa.gov/eog/dmsp/downloadV4composites.html
https://ngdc.noaa.gov/eog/viirs/download_dnb_composites.html
http://sedac.ciesin.columbia.edu/data/set/gpw-v4-population-density-adjusted-to-2015-unwpp-country-totals-rev10
http://sedac.ciesin.columbia.edu/data/set/gpw-v4-population-density-adjusted-to-2015-unwpp-country-totals-rev10
https://ltdr.modaps.eosdis.nasa.gov/cgi-bin/ltdr/ltdrPage.cgi?fileName=products
https://ltdr.modaps.eosdis.nasa.gov/cgi-bin/ltdr/ltdrPage.cgi?fileName=products
https://ladsweb.modaps.eosdis.nasa.gov/archive/

Cé. Appendix




60 Chapter 6. Appendix

Key Terms and Definitions

e Vector - Vector data are comprised of vertices and paths (coordinate points and the lines
connecting them. The three basic types of vector data are points, lines and polygons (areas).!

e Raster - Raster data is made up of pixels (also referred to as grid cells). They are usually
regularly-spaced and square but they don’t have to be. Rasters often look pixelated because
each pixel has its own value or class.?

e NDVI - Normalized Difference Vegetation Index quantifies vegetation by measuring the
difference between near-infrared (which vegetation strongly reflects) and red light (which
vegetation absorbs). Strong positive values are considered an indicator of "greenness" of
vegatation, or vegatative density.>

e Histogram - A histogram is a plot that lets you discover, and show, the underlying frequency
distribution (shape) of a set of continuous data.

¢ Administrative boundaries - These are government based boundaries such as country
borders, states, and districts. Administrative boundaries, or ADMSs, are often labeled as
ADMO (country), ADMI1 (next finest boundary, e.g., state), ADM?2 (e.g., district), and so on
(based on the country).

e Geocoding - This is the process of assigning a geospatial reference (i.e., a vector point, line,
polygon) to a placename or description of an area (e.g., the hospital building 100 meters south
of the river, next to the park)

e Zonal Statistics - This is the process of aggregating the values from raster data (pixels) to
vector data. For example, a city represent by a circle (vector data) may overlap/contain 100
pixels representing temperature (raster data). Taking the average value of those pixels would
produce a mean estimate of temperature in the city. *

Thttps://gisgeography.com/spatial-data-types-vector-raster/
Zhttps://gisgeography.com/spatial-data-types-vector-raster/
3https://gisgeography.com/ndvi-normalized-difference-vegetation-index/
“http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/h-how-zonal-statistics-works.htm
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