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4.1. Free spatial data resources
There is a vast amount of freely available spatially-referenced data online. We are not able to list all
these resources here, but will introduce you to the resources that we are using in these practical
sessions. These resources are not for a specific country, but provide us with spatial data that can be
useful in many countries to help visualise data, and produce maps for the purpose of guiding control
programmes. Following this course, you may wish to contact organisations within your country to
find out if they have any spatial data resources that you can access e.g. government departments,
research organisations, the environmental sector, the health sector etc.
Here we give you a brief overview of the data sources for administrative boundaries (polygons),
human population distribution (points, rasters), climate variables (rasters) and infrastructure (points,
lines, polygons).
Administrative boundaries
Administrative boundaries are the areas in which countries are subdivided for the purposes of
administration. Conventionally, we refer to the administrative boundary levels as follows:
• Level 0 is always the country border/boundary
• Level 0 is subdivided into Level 1 e.g. States, regions
• Level 1 is subdivided into Level 2 e.g. districts, municipalities
• Level 2 is subdivided into Level 3 etc
For example the map below (Figure 4.1) denotes the level 0, 1 and 2 administrative boundaries of
Mexico
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Figure 4.1: A map of Mexico’s administrative boundaries. Level 1 (country) = black thick black
outlines, level 2 (states) = white outline, level 3 (municipalities) = thin grey outline.
These administrative boundaries can often change over time, so you should always try to access the
most recent administrative boundary shapefiles directly from your own government. Often, there
are freely available global administrative boundary resources such as Global Administrative Areas
(GADM, www.gadm.org) and Natural Earth Data (http://www.naturalearthdata.com/), but whilst
these resources try to be contemporary, it is not guaranteed. The GADM website allows you to
download shapefile for individual countries, or you may also download a shapefile containing all of
the countries in the world. Shapefiles are generally available for administrative levels 0, 1 and 2, and
may often include smaller divisions. For each country you are able to download a single zipped
folder, and this folder contains all of the levels available for the selected country. The Natural Earth
Data website allows you to download boundary data at three different scales (1:10m, 1:50m,
1:110m), see Figure 4.2. This ratio represents the distance that each unit on the map represents. In
this instance, 1:10m means that 1 unit on the map represents 10 million units in the real world e.g.
1cm represents 10 million cm = 100km, which is the finest scale available. The coarsest scale is
1:110m, meaning that 1cm represents 1,110km.

Figure 4.2: An example of the different scale of administrative boundary data available from
www.naturalearthdata.com
These files can be found under the ‘Cultural’ files category, and you can either select to download a
shapefile containing administrative level 0 or level 1 for all of the countries of the world e.g. the
1:10m scale files can be found here:
http://www.naturalearthdata.com/downloads/10m-cultural-vectors/
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Population distribution
Knowledge of the human population is important when considering a public health intervention.
Most countries undertake a national population enumeration census approximately every 10 years,
but often this information is not released to the public at the geographical level of interest and
alternative population data is required. In this course we look at two global population data
resources, but again we encourage you to contact your own government to try to obtain the most
relevant population distribution data for your country. The global population resources we are using
are the locations of the most populated places, again obtained from Natural Earth Data
(http://www.naturalearthdata.com/downloads/10m-cultural-vectors/10m-populated-places/) plus
population distribution rasters from the WorldPop project (www.worldpop.org.uk). The populated
places data consists of 7,322 points which represent administrative area 0 and 1 capitals, major cities
and towns, plus some smaller towns. The shapefile also contains some estimates of population size,
although these may not be contemporary. Whilst it is useful to know where the major urban areas
are located, these data do not tell you anything about the size of the geographic area covered by
these towns and cities, and further the data do not provide any information on the distribution of
the population within rural areas.
An alternative to using point-level population data is to use resources that try to describe the
continuous distribution of the population using raster data such as the WorldPop project. WorldPop
has combined census data, survey data and information obtained from satellite imagery to model
the distribution of the population at 100m spatial resolution. Estimates are available for 2015, plus
predictions for 2020 have also been generated.
Climate variables
There are many datasets that represent climate data such as temperature and rainfall, which vary
greatly both in their spatial scale and frequency in which they are produced. These data are usually
derived from meteorological satellite imagery, sometimes in combination with ground-based
meteorological stations. In this course we will be using WorldClim data (http://www.worldclim.org/),
which is a publically available resource of average monthly climate data produced at a 1km spatial
resolution. The current WorldClim data is representative of the period 1960-1990, and contains
raster data of mean, minimum and maximum temperature, rainfall, plus other variables combined
from these measures. Whilst this dataset is useful for learning more about how climate variables
vary geographically, this data cannot be used to determine what the weather was like at a particular
timepoint, nor can it be used to explore changes in climate over time. Data is downloaded in the
form of tiles rather than for specific countries from here http://www.worldclim.org/tiles.php . You
may need to download multiple tiles to cover your entire area of interest. Note that are many
sources of climate data available. We are using WorldClim as an example dataset, but as it is based
on historical data it may not be the best resource for your own work.
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Figure 4:3: An example of precipitation data available from www.worldclim.org
Infrastructure
We have already introduced OpenStreetMaps as a resource for giving geographical context for your
data by adding it as a basemap in QGIS. It is also possible to download the data that is displayed as
shapefiles, which you can then use to improve you map. For example, the road data that we used in
Day 1 was downloaded from OpenStreetMaps. In addition to roads, you can use OpenStreetMaps to
obtain other point, line and polygon data relating to the surrounding infrastructure such as the
location of local landmarks and amenities, rivers, lakes, parks etc. There are several ways in which
you can import OSM data into QGIS, such as using the Export feature on www.openstreetmap.org,
and some of the inbuilt Vector tools within QGIS (Figure 4.4). We will give a brief demonstration
during the practical, and you can access guides on how this can be done online e.g.
http://wiki.openstreetmap.org/wiki/QGIS.

Figure 4:4: Openstreetmaps is a crowdsourced resource for geographical information, and QGIS has
inbuilt tools to allow you to download OSM shapefiles
Aedes aegypti and Ae. albopictus data
As well we these general resources, you may also be able to find data more relevant to your
programme in the published literature, as many academic journals are now encouraging researcher
to make their data publically available. For example, we will be using data published in the paper
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‘The global compendium of Aedes aegypti and Ae. albopictus occurrence, was published in 2015
(http://www.nature.com/articles/sdata201535) and all of the geo-located occurrence data here can
be downloaded as a CSV using this link: http://datadryad.org/resource/doi:10.5061/dryad.47v3c .
More details of this data are given below.

Figure 4.5: Screenshots of the Aedes occurrence paper (left) plus online data source (right).

4.2. Manipulating spatial data in QGIS
In this section we will be demonstrating different ways of manipulating spatial data partly using data
obtained from the free spatial resources mentioned above. We have included the data being used in
this practical session on your pen drive. You may want to experiment with downloading similar data
from the internet yourself after the session.
In our first example we will look at the blocks and houses data from Day 1, see how we can add
named streets from OpenStreetMaps. We shall athen look at selecting houses with disease cases
and identifying areas within 50m of these to help with prioritising interventions.
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➔ open QGIS and click 'Project, New' (as we did yesterday).
➔ Save this blank project as Day4yourname.qgs using 'Project, Save As ..'.
➔ Add a polygons layer by Layer, Add Layer, Add Vector Layer and browse to find :
QGIS_training\data\spatial\polygons\blocks.shp

4.2.1. Downloading OpenStreetMap data
Previously, we displayed OpenStreetMap data as a basemap i.e. a background image. Whilst
basemaps are very useful, you do not have the flexibility to manipulate the data being displayed
(change its appearance, subset the data etc.). We therefore will now show you how to download the
OSM data and save the resulting points, lines and polygons as shapefiles.
➔ Select Vector, OpenStreetMap, Download data.

This should bring up a window in which you can choose the area to download and whether to save
the data as a file. You can choose whether to define the area to download from the map canvas (the
area currently visible in QGIS), the area of one of the loaded layers, or by manually entering
coordinates.
➔ set the extent from the blocks layer.
➔ Under 'Output file', click the … button to browse and identify the file to save as:
/my_work/data/osm/osm_blocks.osm. Create this folder if it does not exist already (e.g.
within the data folder : right click, New, Folder).
➔ Press OK.
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The downloaded data is saved as an OSM format file. This is different from the files we have seen
before.
Having downloaded the OSM data we still need to add it to our map in QGIS.
➔ select Layer, add layer and navigate to the folder to find the OSM file.
A window will ask you to select vector layers to add. The OpenStreetMap data includes points, lines
and polygons.
➔ Because we want to look at all of them Click 'select all', then OK.

This brings up streets for our area in a lines layer. If you experiment with turning on and off layers
you'll see that the other points and polygons layers don't contain anything, so you can remove them
(Right click, remove). The lack of other data here was because of the small area we chose, in other
areas you can get polygons e.g. indicating buildings or parks and/or points e.g. indicating health
centres, shops and post boxes.
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➔ Right click on empty layers in the Layers Panel and select remove

If you open the attribute table for the lines layer you will see that the name column contains street
names.
➔ Turn on labels for the streets by Right clicking on osm_blocks_lines, Properties, labels
➔ choose ‘Show labels for this layer’
➔ set ‘Label with’ to the column ‘name’
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This should display the street names alongside each street :

You could also save the streets as a lines shapefile by right clicking and save-as. Both this and using
the osm file mean that you can use the OpenStreetMap data later even if you don't have an internet
connection. Using OpenStreetMap as a background map as we did before requires an internet
connection.
We will now consider an example where Zika cases have been reported and we wish to use the GIS
to find where to target interventions nearby.
➔ Add the example houses layer to the existing project from :
QGIS_training\data\spatial\points\houses_july.shp (Hint : Layer, Add layer).
If you open the attribute table (after right-clicking on the layer name) you will see that there is a
column named 'cases' containing the number of Zika cases per house.
➔ Use properties, style to set the colouring of the points to see which houses have cases and
which don't. Try using the reds colour scheme and 4 classes. The points with no colour are
those with no cases.
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4.2.2. Selection tools in QGIS

You can select features within layers using a number of tools including clicking on features, drawing
a polygon around features or selecting according to attributes.
The selection buttons are the yellow ones towards the right of the toolbar :

This can help you remember that when you select features they become highlighted in yellow on the
map. Selection can also be accessed from the toolbar by View, Select.

Selection by cursor
The series of commands below allow you to select features by directly clicking on them (Select
Features) by drawing a polygon (click to draw each side of a polygon and double-click to finish) or by
radius (click and drag to create a circle). Importantly for these cursor selection to work you must
have the layer selected by clicking on it's name in the Layer Panel on the left.

You can remove any selections you have made using the button below, or View, select, deselect …
or Ctrl+Shift+A.
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Note that you can also use the cursor to select features by first opening the attribute table and then
clicking on the row number on the left hand side. The row will become highlighted in blue and again
the feature will be highlighted in yellow in the map view. You can use Ctrl and Shift to select multiple
rows as you would in a spreadsheet.

Selection by attribute
Probably more useful is selecting data according to their attributes i.e. the data stored in the
Attribute table. To do this :
➔ click 'View, Select, Select features by expression' or click the button shown below on the
toolbar, or in the tools displayed at the top of the attribute table.
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This tool allows you to subset your data according to the values stored within the attribute table. We
do this by writing an expression, w
 hich is simply a formula that uses mathematical symbol similar to
that which we use in Excel. Here we will demonstrate how to select only the points that have one or
more cases.
➔ Within the central box, locate ‘Fields and Values’ and click on the + next to it to expand the
menu.
➔ Double click on Cases and it gets added to the Expression box.
➔ To inform QGIS that you only want the points that have at least one case, type > 0. So that
the expression is "Cases" > 0.
➔ Click Select.

You can check whether this expression is valid by checking the information next to the text ‘Output
preview’ at the bottom left of the window. If there is a problem it will say 'Expression is invalid' in
red.
➔ Once you have checked this, click the Close button.
On your map you should see that selected points are bright yellow, hiding all the dark red points
which shows that our selection has worked.
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Open the attribute table and you can see the rows selected in blue are indeed the ones with cases.

It may be useful to know that you can save your selected features as a separate shapefile. In this
example, this will create a separate layer of case locations (with their associated data).
➔
➔
➔
➔
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To do this, right-click on your houses_july layer and select Save As.
Name your file cases_july.
Browse to find the folder \QGIS_training\my_work\data\points
Click the 'Save only selected features' box so that only houses with at least one case will be
saved (following your selection in the earlier step).

➔ Click OK.
You should now have a new shapefile of points, added automatically as a layer to your project.
➔ Click the Save button, just to ensure the edits to your project are captured at this point.

4.2.3. Buffer creation
Now we want to find the areas that are close to houses with cases and we can do this by creating a
'buffer'. A buffer is a zone of specified width. For example, a buffer of 5km around a single point is
simply a circle of radius 5km, centred on the single point. You can see more examples of buffers in
Figure 4.6.

Figure 4.6: Examples of buffers
In order to create buffers using distance measures such as metres or kilometres, the shapefile which
you are creating a buffer around needs to be in a projected coordinate system. If you try to create a
buffer in a geographic coordinate system, such as longitude and latitude, you will need to specify the
buffer distance in decimal degrees, which may be difficult to interpret. Therefore, before you create
your buffer you need to convert your layer to a projected coordinate system such as UTM (Universal
Transverse Mercator) where one unit represents one metre. To so this, you need to complete the
following steps below.
Firstly, we need to check the settings within QGIS ensure that it can cope with displaying layers with
more than one coordinate reference system (CRS).
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➔ Click the 2nd icon in from the bottom right and it will bring up a 'Project Properties CRS'
window.

➔ Select checkbox at the top to 'Enable 'on the fly' CRS transformation (OTF)'

➔ Click OK.
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Now we will save the file cases_july in the new projection system. We will be using the projected
coordinate system Universal Traverse Mercator (UTM), which splits the globe into 60 zones, and
each zone is then split into a further two zone (N or S) depending on whether the zone is north or
south of the equator. Here is a UTM zone map from:
http://earth-info.nga.mil/GandG/coordsys/grids/universal_grid_system.html

UTM zone 14N covers Mexico city.
➔ Right click on cases_july as we have done before and select Save As...
➔ Name your file cases_projected.shp (the projected indicates that we have saved in a
different Coordinate Reference System)
➔ Browse to find the folder \QGIS_training\my_work\data\points
➔ Click the globe symbol to the right of the CRS box to change the coordinate system that the
new file will be saved in.

This will bring up a CRS selector window.
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➔ Type 'utm' into the Filter box
➔ select ‘WGS84/UTM zone 14N’ from below ‘Coordinate reference systems of the world’
➔ Click OK, then click OK again to save the file and display it on your map.

cases_projected should be added to the map like this :

Note that you could combine steps in the future if desired – e.g. Saving only the selected features
and saving them in UTM projection both within the Save As options.
➔ Note what happens if you turn On The Fly on and off. Use Zoom to full extent to see position
of points when OTF is off.
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We will demonstrate creating a buffer, by adding a buffer of 50m around the Zika cases. Such a
buffer could be used to direct vector control interventions. You could easily repeat this for 150m
which is more conventional for vector control interventions, or any other distance. We chose 50m
for this example simply because our example area is very small with the sampled houses close
together and when we tried a buffer of 150m it covered the whole area.
To create buffers, we are going to use Geoprocessing Tools. These are located under Vector in your
menu.
➔ Click 'Vector, Geoprocessing Tools, Fixed distance buffer'.

If for some reason they do not appear in your Vector menu, go to Plugins, Manage and Install Plugins
and search for Processing by typing in the search box. Make sure that this is installed and selected.
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Once the option is there,
➔ click 'Vector, Geoprocessing Tools, Fixed distance buffer'.
In the window :
➔ set Input layer to cases_projected
➔ set distance to 50
➔ click the 'Dissolve result' box. This dissolves any boundaries between the buffers if they
overlap.
➔ click Run
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The resulting Buffer should look like this. You see that because we selected 'dissolve boundaries' the
circles have been merged into one shape. This shape represents all the area that is within 50m of a
house with a recorded case.

Hint: If your buffer does not look like this but covers the whole window, you may not have changed
your projection to UTM and have created a buffer of 50 decimal degrees instead of metres. If you
have many separate circles, you did not select the dissolve boundaries option.
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Once you have a buffer that looks like the above image,
➔
➔
➔
➔

right click on the buffer layer and save it as a shapefile.
Call it cases_projected_buffer50
save in the folder my_work/data/polygons.
remove the temporary buffer layer.

Remember you can change the order of your layers to see things more clearly.
➔ Drag cases_projected_buffer50 to the end of the list so that the houses can be seen on top.
➔ Use the deselect button to remove any selections that are active from before.

4.2.4. Spatial query
We can see which houses are within the buffer but what if we wanted to calculate which houses are
within the buffer ?
➔ choose Spatial query from the Vector menu :
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➔
➔
➔
➔

Select source features from : houses_july
Where the feature : Intersects
Reference features of : cases_projected_buffer50
Click Apply

The window should show you that 453 of the 500 houses are selected as being within the buffer :
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Hint: If your number of houses is different, you may be working on a selection of houses. Are there
yellow points shown? Go back and unselect everything then repeat the above steps.
➔ click the yellow button by 'Create new selection' at the lower left
It will create a new layer and add to the map. You can then close this window. You should see
houses_july_selected has been added as a layer in your project :
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In a vector control operation a map like this with a 150m buffer could be used to target control
interventions.
➔ To finish, save the project so that you can return to it later.
This was a brief example of some of the vector analyses that can be done. There are many more.
Whilst these analyses can be hugely useful, it is also true that QGIS can be hugely useful for
displaying maps even if you don't get to use the analysis tools.

4.3. Raster tools
As explained in section 1.2.2, raster data in GIS represents features above, on, or below the earth’s
surface, for example to map data from satellites. Raster data takes the form of a grid of cells also
referred to as pixels. The cells/pixels have coordinates associated with them which position them
within the map canvas. The cells/pixels also have data associated with them, consisting of one value
per cell/pixel with different values being represented by different colours. For example in Figure 4.7
below we see elevation represented as a raster, where each cell/pixel contains a value representing
the elevation at that location, plus a land usage raster where each cell contains a value associated
with a land usage category. In this course we will use elevation and climate data as examples to
explore some of the tools available for manipulating raster data.

Figure 4.7: Examples of different vector and raster layers
In this section we will be demonstrating raster tools using climate data obtained from WorldClim
(1km resolution data). Whilst you may want to download these off the internet yourself, we have
also included the data being used in this practical session on your pen drive. The files on your pen
drive have been edited since being downloaded to cover Colombia only. We will be showing you
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how to extract raster data for specific coordinates. We will do this using the Aedes occurrence data
we introduced in Section 4.1.
➔ open day4raster.qgs (from your materials/day4 folder on your USB)
This is a project ready for us to add raster data. It already contains some point records for Aedes
mosquitoes in Colombia (aedes_colombia), extracted from the database described in Section 4.1 and
world country boundaries downloaded from NaturalEarth (ne_50m_admin_0_countries).

4.3.1. Loading raster data
➔ To add raster data to your map, simply use the “Add Raster Layer” option under “Layer” in
the menu bar. By default this should take you to a window “Open a GDAL Supported Raster
Data Source”, where you can navigate to your folder containing the raster data
(data/spatial/raster).
Raster data comes in many different formats. QGIS uses something called GDAL to read and write
raster data. GDAL stands for Geospatial Data Abstraction Library. It supports more than 100 formats
of raster data. In this course we have stored the raster data as GeoTIFF files. The files that you
therefore need to add into QGIS have the extension .tif. You can filter the file names by using the
dropdown menu above the Open button at the bottom of the window, change it from [GDAL] All
files to GeoTIFF (*tif, *tiff, *TIF, *TIFF) to narrow down your selection. Select “Altitude_colombia.tif”
and click “Open” to add this to your map.
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It will first appear something like this:

4.3.2. Raster layer properties
Similar to editing vector layers, you can alter the properties of the raster file via the “Properties”
option. (Menu bar: “Layer”, “Properties”, or in the Layers panel: right click on your layer and then
select properties, or double-click [left] on your layer). This will open a window with various options,
we will just look at band rendering for now.
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Band rendering
Band rendering is an option under “Style”. What does it mean? The word ‘band’ in this context was
originally used in reference to bandwidths of colour, and ‘rendering’ their interpretation or
representation. A band can now be thought of more generally as a characteristic.
We have seen in our example that our raster layer has appeared as a black and white image. We can
see in the layer properties window that this corresponds to a ‘singleband gray’ render type, with a
colour gradient from black to white. Single band refers to the data associated with the raster cells
representing one single characteristic. This is the case with our raster layer, which represents
altitude only. If you zoom in and look at this layer, you can get an impression of altitude, but this is
not how we are used to seeing elevation represented. It is not immediately intuitive. A more
common use of this style is perhaps black and white photographs.
➔ change the direction of the colour gradient, to go from being black to white, to white to
black.
➔ click ‘Apply’ to action any changes made to the style properties.
➔ go back and adjust the properties of the other elements in your map if necessary (for
example if a black country outline does not show up well on a black raster layer you could
change it to a brighter colour).
➔ if you cannot see everything you expect, to check the order of your layers in the layers panel.
Another single band option is “singleband pseudocolor”. This will give you the option of various
colour ramps to apply.
➔ try BrBG (brown to green), invert it green to brown.
➔ there is a check box option to ‘clip out of range values’.
The minimum and maximum values remain 1.237 and 3881.87 respectively, as the values associated
with the cells of your raster layer. Think about what these values mean, in this example they are
altitude figures.
➔ there is an option to label the units, for example ‘m’ for metres.
Note that the divisions are classified according to the mode and number of classes selected at the
bottom of the panel. These can be changed manually if this is more meaningful, just click and type.
The colours can also be adjusted manually by double clicking on them.
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4.3.3. Extraction of raster data (point sampling tool)
In addition to enhancing the look of your map, it is also possible to access the data associated with
the cells/pixels to perform analyses. Continuing on with our example of altitude, it could be
interesting to know what elevations the mosquitoes were found at. There is an altitude value
associated with each cell in the grid of raster cells. What we want to do in this case is to extract the
values which coincide with location points of the entomology data. To do this we will use the “Point
sampling tool”.

The tool comes in the form of a plugin, as introduced earlier. If the point sampling tool is not already
installed in your QGIS, you will need to install it.
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➔ To install a plugin go to: Plugins, Manage and Install Plugins, type to search for ‘point
sampling tool’ and select the plugin that is returned from the list
➔ click on Install Plugin.
Once it is installed, you will find it under Plugins in the menu bar, under Analyses, or as a shortcut if
you have that toolbar displayed.

In the Point Sampling Tool window that appears:
➔ Our first choice will be to specify which layer the sampling points are to come from. In
this example our points are the aedes_colombia layer, the vector layer which has the
locations of the mosquitoes of interest.
➔ During this step we will be creating a new point layer, so within the Point Sampling Tool
we also need to select which fields we wish to include in this new layer, in addition to
the extracted altitude. Select the X and Y coordinates and the vector name field from the
vector layer, plus the altitude raster layer. Note that you can use Ctrl+click or Shift+click
to select multiple fields.
➔ Lastly, browse to where you would like to save the new shapefile that will be created
and give it an appropriate name (for example Altitude_Aedes_Colombia).
➔ Note there is a tick box ‘add created later to the TOC’ (Table of Contents), which is ticked
by default. Click OK.
➔ The status of processing is displayed at the bottom of the tool window. When it confirms
‘OK. The new layer has been added to the TOC, you can then close the tool window.
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Look at the attribute table of your new layer to see the results of your extraction. Try selecting a line
in the table and see if the highlighted point is in an area you would expect according to the
background colour of your band rendering.
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This tool can be used successively to extract information from different raster files and compile it in
one shapefile. For example, once you have the altitude at your points of mosquito presence, you
could then extract data from other raster layers on temperature or rainfall in the same way and add
these values to the same shapefile.
Should you then wish to have this data in Excel, it is possible to save the attribute table as a CSV file.
To do this, simply right-click on the layer in question, choose “Save As” and name the file using the
“Save vector layer as” window pictured here, browsing to the desired file location and selecting
Comma Separated Value [CSV] as your desired format from the drop down menu at the top. Once
saved, check in the documents folder where you saved it and you should see that an Excel CSV file
has been created. Note that if the “Add saved file to map” box was checked, you will also see the
new csv file as a layer in the layers panel.
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The same procedures can be repeated to display and extract information from other raster layers.
For example, we have the file “data/spatial/raster/MeanTemp_colombia.tif”, which contains the
mean temperatures for Colombia in June.
Added to the map, it will first look something like the below, a black and white image as before. By
changing the colour ramp in the band rendering, the warmer and colder regions can quickly be
appreciated.
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Optional: Using the raster calculator
The temperature data downloaded from WorldClim are in Celsius (°C) multiplied by ten (to allow for
a reduced file size). To avoid confusion when interpreting this data later on, it is possible to convert
the temperature figures to Celsius. This can be done for the entire raster file using the “Raster
Calculator” (Menu bar: Raster, Raster Calculator).
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➔ When you open up the Raster calculator window, the available raster bands will be
displayed in the raster bands section on the left. We have two raster layers open
currently, altitude and temperature.
➔ Double-click on the band you want to manipulate, and it will be added to the calculator
expression window below.
➔ You can then use the operator buttons available, or type in your desired calculation in
this raster calculator expression window. In our case we want to simply divide by ten
(/10) . The formula will read “MeanTemp_colombia@1”/10.
➔ Now specify your output layer, browse to your raster data file (QGIS_training, data,
spatial, raster), and give your new file the name “MeanTemp_colombia_celcius”.
➔ Hit Save and Ok. A black and white image will be added to your project.
➔ The properties of this can be changed by right clicking on the layer and entering the Style
section as before.

 y using the point sampling tool, the temperatures for our entomological locations can also be
B
extracted. Note that you will now have the option to add them to your file containing the altitude
data. Once successfully extracted, you will be able to visualise them in the attributes table of your
new shapefile.
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This data can also be saved as a CSV file as before, to be viewed in Excel.
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Exercise 4.3
To practice what you have learned in this section:
-
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Add the provided raster file of Colombia’s rainfall (Precipitation_colombia.tif) to the
map.
Change the style in keeping with this data to visualise the information it contains.
Extract the rainfall figures for the Aedes o
 ccurrence points in Colombia.
Save the resulting attribute table as a CSV file.

4.3.4. Summarise raster data (zonal statistics)
We have seen that we can extract raster data from a given point. Now we will look at an example of
what can be done for data associated with polygons.
For example, imagine that instead of knowing the altitude or rainfall for a given mosquito collection
(point), we want to know the conditions for that whole region or district (a polygon). The area of a
polygon will contain more than one pixel, and therefore have more than one number associated
with it. To return a value/s for a whole district for example, therefore requires the data to be
summarised in some way.
There is another plugin called “Zonal statistics”. This is another raster tool, which as its name
suggests, can perform calculations for a given area (e.g. a polygon).
For our Colombia example, add the vector layer COL_adm1 (from your USB
training_QGIS/data/spatial/polygons). These will be the administrative polygons we use to
summarise the raster data by, the 32 Departments of Colombia.

Z onal statistics should already be installed as a ‘core plugin’ of your system. Find it via the
menu under Raster, Zonal Statistics, Zonal statistics, or look for the icon in your raster toolbar. If for
some reason it is not installed, use the Manage and Install plugins option in the plugins menu to
search for and install the tool.

If you open the tool, you will be taken to the Zonal Statistics window (see below). This shows you the
list of statistics available to calculate in a series of check boxes. You will also see the other options
you will need to specify.
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The tool in itself is quite simple to use, but you will need to think about what calculations will
actually be of added value to you. There are some statistics selected by default for example, but it
may not make sense to apply these to your raster data. We need to decide what it is that we want to
know for each of the Departments.
Let’s return to our altitude data as an example. This file has altitude values for each cell/pixel of the
raster grid. Does it make sense to count these? Not really. Sum them? Also no. Knowing the
minimum and maximum altitude for each department could be informative. You could also add the
mean.
Once you know what we want to know, you can go ahead and do it.
➔ select your raster layer from the drop-down options available.
➔ The next option is band selection. Our raster layer altitude has one single band
(characteristic), altitude, therefore there is only one option here, Band 1.
➔ select the polygon layer, COL_adm1.
There is then space to type an “Output column prefix”. The statistics generated by the tool will be
added to the attribute table of the vector layer, with the statistic or an abbreviation of the statistic
as a column header. Use the prefix option to make the headings more specific and more meaningful.
Imagine you may want to come back to this information as a variable in the future and know what it
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represents, or that you plan to calculate multiple statistics for the same admin layer – how will you
know which is which?
➔ As we are looking at Altitude, type “Alt_” as the output column prefix.
➔ Next tick and untick the boxes to select which calculations to perform.
➔ Click OK.
QGIS may show the progress of the calculations with a small message box. This will disappear when
they are complete.

➔ To see the results of the calculation, open the attribute table of your polygon layer,
COL_adm1. The columns will have been added to the right-hand side of the table.
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Remember that should you want to look at this data in Excel, you can use the “save vector layer as”
option to generate a CSV file as before.

We can use the temperature file as another example. Note that the temperature data we have for
Colombia is already in the form of a statistic, it is the mean temperature per grid cell for June. Bear
this in mind when planning and interpreting your data. For example, should you select the minimum
and maximum statistics as an option, know that you will not get the actual minimum and maximum
temperatures for the given area, but the lowest and highest mean temperatures. The tool can only
work with the data it has available. It is therefore important to know your dataset and understand
what calculation you are asking the tool to perform.
To summarise the raster temperature data, simply follow the same steps as before for altitude. Note
the importance of the output prefix when performing statistics for more than one dataset for the
same area.
Remember that once you have this data in the attribute table of your chosen vector layer, you can
also display these summary statistics by polygon by entering into the style section of layer
properties.
For example, below is a map of mean temperature per department, displayed with a red-yellow-blue
colour ramp. The divisions used for the temperature categories were arbitrary. Your map will only be
as meaningful as you make it with your choices. Think about what might be useful operationally.
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Think about what you are trying to show in the end. For example, what relationship does your
climate data have to your entomological data?

Exercise 4.4
Use the zonal statistics tool to calculate the mean June rainfall for the Admin Level 2 for Colombia.
The COL_adm2 shapefile is available in your USB (training_QGIS/data/spatial/polygons).
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This is the end of what we wanted to cover today, well done for getting this far. In case there was
extra time available we have added an extra supplementary section on viewing international data.

Optional Section
In this optional section we will look at manipulating data over a large geographical scale. We will be
using the same or similar techniques that we introduced in previous sections (e.g. seclection tools),
but will be demonstrating them on a different dataset. Start by adding country boundaries. These
can be downloaded for free from the Natural Earth Data (http://www.naturalearthdata.com/)
website or the Global Administrative Areas (GADM) website (http://gadm.org/). In both of these
resources, administrative level 0 is an international code for country level boundaries, which are
subdivided into level 1 (states, regions etc) and further subdivided into level 2 etc. For example, in
Colombia, administrative level 1 boundaries are 'departamentos' and administrative level 2
boundaries are 'municipios'.
We have downloaded the shapefiles for the country boundaries of the world from Natural Earth
Data (www.naturalearthdata.com/downloads/50m-cultural-vectors/), and have included them in the
teaching data folder. This file is in the WGS84 geographic coordinate system.
\Data\Spatial data\Polygons\ne_50m_admin_0_countries.shp
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We shall now add this layer into QGIS. As in previous days, from the top menu bar you should select
'Layer, Add Layer, Add Vector Layer' and browse to find the file. This should bring up a map of the
world :

Right click on the layer name within the Layer Panel and select 'Open Attribute file'. This brings up
the attribute data for the map. Scroll down to the bottom and you will see that there are 241
countries with 1 row for each country, look at the columns to see the values that are stored for each
country.

Global Aedes agypti and Aedes albopictus occurrence data have been obtained from a review
published in 2015 by Kraemer et al. (http://www.nature.com/articles/sdata201535).  These data
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consist of all known occurrences between 1960-2014, with coordinates measured in longitude and
latitude, and the data can be freely downloaded here
http://datadryad.org/resource/doi:10.5061/dryad.47v3c. We will now add this data to our map.
Please keep in mind that the data represent all known occurrences. The dataset does not contain
any information on locations where surveys were conducted and no Aedes were found, therefore we
cannot be certain that the absence of data in the dataset represents absence of Aedes. We therefore
need to take care when interpreting these data, and the resulting maps.
The data are downloaded as a .csv file which has > 42,000 rows representing sites across the globe.
Variables in the csv include the vector species identifies, the source of the data, the year the vector
was identified, the country it was identified in and the longitude (X) and the latitude (Y) of the
location where it was identified. The complete file is very large (>3MB), and as such may cause an
error when you try to add it into QGIS. We therefore added an extra continent column, selected only
those countries within the Americas, and saved the resulting file to your data folder as :
\Data\Entomology data\Presence data\aegypti_albopictus_americas.csv
We shall now add this CSV into QGIS.
Within QGIS select 'Layer, Add Layer, Add Delimited Layer'
Browse to
\Data\Entomology data\Presence data\aegypti_albopictus_americas.csv
Note that the X & Y fields under Geometry definitions are detected automatically so after checking
these default options you can press OK.
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The Coordinate Reference System Selector screen will then appear. As the data are in longitude and
latitude, make sure that the WGS84 Geographic Coordinate Reference System is selected, then click
OK.

The point data should then be displayed on top of the world map:

Select 'View, Zoom to layer' to zoom in on the points.
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Make sure you now save this point data as a shapefile. Recall that this is done by right-clicking on the
layer name in the Layers Panel, selecting “Save As” and then saving the data as
aegypti_albopictus_americas.shp in the appropriate Data folder, making sure the selected format is
“ESRI Shapefile”.
We shall now take a closer look at the data. Right click on the 'aegypti....' layer in the Layers Panel
and select 'Open Attribute Table' to look at the attribute data. You should be able to see that there
are columns called VECTOR, YEAR and COUNTRY. If you scroll down to record 7261 you should see
where the entries in the VECTOR column change from one species to the other.
We shall now change the symbols on the map to identify the two species. Right click on the
'aegypti..' layer in the Layers Panel and select 'Properties'.
Within the 'Style' tab, change :
➔ 'Single symbol' to 'Categorized'
➔ Column to VECTOR
➔ Color ramp to RdYlBu
➔ Click 'Classify'
You will see the two species names will be coloured red and yellow, and two other options are green
(VECTOR = NA) and blue (VECTOR is missing). We do not want to display points where the vector
species is unknown so we will deselect green and blue. You can either uncheck the box next to these
two categories, or remove them from the list by clicking on each of them one at a time, then using
the red ‘-‘ button to delete.

Now you should just have the 2 categories displayed in the category list.
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Now look at the map. Initially it looks like Ae. aegypti (red) may be more common in the west of the
continent, and Ae. albopictus (yellow) may be more common in the east. However, there are lots of
overlapping points so it is not easy to see exactly what is happening, plus we need to bear in mind
that we do not know whether areas with no data have no Aedes, or if they have simply not been
surveyed.

To make things clearer we can make the points smaller and make the background map less
distracting.
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Select 'Properties' for the point layer again (Right click on 'aegypti…' within the Layers Panel) and
click the 'Change..' button.

We can decrease the size of the circles from their default of 2 down to 0.4 by clicking the down
arrow next to the number representing size, or typing the number directly in to the box. Then click
OK.

Click 'Apply' from the properties window. This should apply your changes but keep the properties
window open in case you want to make any other changes. Now the points are much smaller but
they are all black. This is because they have a black outline. We can turn that outline off, also using
the Properties window.
Once again, click the 'Change…' button. Change the properties of the Marker i.e. the circle by
clicking on 'Simple marker'.
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Click 'Outline' and select 'Transparent border'. Press OK, and in the Properties window click OK to
apply the changes and close the window.

Now we can see that there are some red dots in the east too. But the green background and the
thick country border lines are distracting. We want to be able to see the data themselves which are
the most important part.
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To allow us to see the data more clearly we can turn off the land colour and make the country
borders thinner.
Select 'Properties' for the countries layer (Right click on 'ne_50m…' within the Layers Panel). Change
the color to white and click Apply.

To make the country borders thinner, click 'Simple fill' near the top of the window. Use the scroll bar
on the right to scroll down until you see 'Outline width'. If you click the down arrow once this will go
from 0.26 to 0.06. Click OK.
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Now we can see more clearly that there are Ae. aegypti (red) in the eastern part of South America,
but not very many sites in the northern part of South America. This is one example of how changing
the symbology of a map can make the data clearer.

Click Project, Save to save the work you've done on the project so far. This would allow you to get
back to this point if your computer crashes or you make a mistake later.
Now we are going to see how we can look at the data more closely by using the different selection
tools within QGIS.
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Firstly we will look at selecting data according to their attributes i.e. the data stored in the Attribute
table. To do this, click the button 'Select features using an expression' on the toolbar, or in the tools
displayed at the top of the attribute table.

This tool allows you to subset your data according to the values stored within the attribute table. We
do this by writing an expression, which is simply a formula that uses mathematical symbol similar to
that which we use in Excel. Here we will demonstrate how to select only the points that are within
Colombia by using the COUNTRY variable.
Within the central box, locate ‘Fields and Values’ and click on the + next to it to expand the menu.
Double click on COUNTRY and it gets added to the Expression box. To inform QGIS that you only
want the points that are labelled as being in Colombia you can either then type = ‘Colombia’ making
sure that you include the quotation marks, or you can click the = button above the word COUNTRY
on the left of the window, then click the ‘all unique’ button which displays a list of all of the unique
countries included in the COUNTRY column of the attribute table, then double click ‘Colombia’ to
add it to the expression. Regardless of which method you use, you should ensure that the expression
in the box on the left is
“COUNTRY” = ‘Colombia’
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You can check whether this expression is valid by checking the information next to the text ‘Output
preview’ at the bottom left of the window. If there is a problem it will say 'Expression is invalid' in
red.
Once you have checked this, click the Close button.

On your map you should see that selected points are bright yellow. To look closer at this, choose
View, Zoom to selection from the main menu and you will see the map view zoom in on Colombia.
Now the points are very small and difficult to see, we will sort that later.
We will now save just the Colombia occurrence data to a new shapefile.
Right click on aegypti… in the Layers Panel and select 'Save as'. In the 'Save vector layer as' window
click the 'Save only selected features' checkbox. Type a name for the file and click OK.
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If you open the Attribute table for the resulting Colombia shapefile and scroll down you should find
that there are 131 occurrences of which 3 are Ae. albopictus.
We can also use the selection tools to subset the data by multiple attributes.
Select the original aegypti_albopictus_americas layer and return to the ‘Select by’ expression
window. We shall now add to this expression and select only points that are in Guatemala AND for
which the vector species is Ae. Aegypti.
Similar to the previous example, add the expression “COUNTRY” = ‘Guatemala’
After the initial expression, type AND (all capital letters, no quotation marks). Then, under the Field
and Values list, double click on 'VECTOR' from the column names and make sure it is added to the
expression. Type = or click the = button, then click 'Load values: all unique'. Double click ‘Aedes
aegypti’ from the list that appears so that it is added to the expression. Check the output preview for
errors, then click Close.
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Repeat the 'Save as' routine we did before, making sure the 'Save only selected features' checkbox is
checked. Save the file as aegypti_guatemala. If you open the attribute table you should see there are
13 sites for aegypti only.
We can also select points by their location on the map. First select the aedes_colombia layer again
and 'View, Zoom to layer'.
Find the Select Feature(s) button on the toolbar and experiment with the different select options.
e.g. with the Select Feature(s) option you can use the cursor to select an initial point on the map and
then hold down Ctrl to add other points to the selection.

With 'Select Features by Polygon', you can left click to create a polygon surrounding points you wish
to select. Right click to finish the polygon and select the points.
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Open the attribute table for the aedes_colombia layer after you have selected points on the map.
You should see that some rows are highlighted in blue. These correspond to the points you have
selected on the map. This selection process works in reverse too, you can select rows in the attribute
table by left clicking on the first column (containing the row numbers). The points on the map
corresponding to these rows will get selected. Click and drag within the first column or click using
Ctrl and/or Shift keys to select multiple rows.

Experiment with 'Select Features by Radius'. This is a quick way to select points that are within a
circle defined by the cursor.
End of Optional Section
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