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GIS and Habitat Management (ACBA 7005)
Visualising and using Raster Data

Aim
In this lab we will be continuing GIS tasks using raster files to explore habitat, habitat change over time and building resilience. We will build our skills in the following areas:
· Raster file terrain analysis
· Using Digital Elevation Models to create profiles.
This lab will then focusses on the use of raster files for creating detailed (local) site maps, integrating hydrology and simple terrain analysis.  

Activity 1 – Visualising Raster Data (and mapmaking)
In this activity we well be importing and interrogating a Digital Elevation Model (DEM) of Wales and creating a hillshade layer and contour layer derived from this data. 

Instructions:
1) Click on: LiDAR viewer | DataMapWales (gov.wales). This is where you will find nationally maintained LiDAR data for Wales. 
2) We will be importing a COG (Cloud Optimized GeoTiFF). These are very large files which can be slow to download. But, there is a useful way of directly importing these into QGIS. To do this, you will need to take note of the https:// location for this file:

https://dmwproductionblob.blob.core.windows.net/cogs/wg_lidar_2020_22_dsm_16bit_cog.tif

3) You will need to copy and paste this into QGIS in a moment. 
[image: A computer screen with text
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4) Back in you QGIS window, click on Layer and then Data Source Manager. A new window will appear. Navigate to Raster (shown below). In this area you can import Raster files by navigating to a file (like downloading shapefiles), or you can import a COG. 
[image: A screenshot of a computer
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5) Select ‘Protocol; HTTP(s), cloud, ect. Then, in the Source area, copy and paste the link where it says Raster dataset(s): https://dmwproductionblob.blob.core.windows.net/cogs/wg_lidar_2020_22_dsm_16bit_cog.tif
6) Click on ‘Add’. You will be prompted to create a transformation. You will want to scroll down to select option 9 (shown below). 
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A new raster file will display. It should be DEM of Wales in black and white. 

7) Next, we will be making two copies of this later so that you have three DEM layers in total. Create 2 copies of this, labelling one Hillshade, and the other Contours. 

Creating a Raster Hillshade:
8) For each of the new layers, you will be adjusting their properties.
9)  Right click on the newly created ‘Hillshade’ copy and navigate to properties. Next, you will be presented with your properties window. 
Select Symbology.
Here you can see that you can adjust the ‘Render Type’.  Select Hillshade for the hillshade layer.  Keep the Altitude and Azimuth and ‘Z’ factor as standard and click ‘Apply’. 

Creating a Raster Contour Map:
10)  Right click on the newly created ‘Raster’ copy and navigate to properties. Next, you will be presented with your properties window. 
Select Symbology.
Here you can see that you can adjust the ‘Render Type’.  Select Contours for the Contours layer.  Make the ‘Contour Interval ‘50’ and the Index Contour Interval ‘500’. Do not change anything else at this point and click ‘apply’. 
Now you will have three Raster Layers one with a ‘DEM’, one with ‘Hillshade’ and one showing Contours. Organise them so that the contour layer is on top and the hillshade is on the bottom. 
11)  Next, adjust the transparency of the DEM (in the middle) to about 50% transparency. You will have now created a nice-looking DEM which has contours shown.  

12)  You are then welcome to revisit the skills learnt in the previous exercise (Activity 2) to make an additional raster-based map.
























Activity 2 – Working with Raster data and creating terrain profiles
In Activity 4, we will be exploring the historic lidar archive for Wales. We will be zooming into a chosen site to access older lidar datasets and performing a simple (but useful) activity to calculate elevation profiles for a given site. 

Instructions:
1) Click on LiDAR viewer | DataMapWales (gov.wales) and navigate to the Lidar Viewer. Type in your site location into the ‘Search by Location Name’ window. 
[image: A screenshot of a computer

Description automatically generated]
2)  Once the Map has navigated to your chosen site (Cwm Ivy shown here as an example), click on a location near to the name. You will be able to see a series of available datasets. Scroll down on the available datasets (under Historic LiDAR archive) and select the 1m_DTM dataset at the bottom of the list. The date this dataset was flown was 3-10 May, 2009. Depending on your chosen location, you may have different lidar availability. 
[image: A computer screen with a blue background
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3)  Click on the DTM URL to download the dataset. Save it in your OneDrive.  As a reminder, ensure you have downloaded the DTM as we are interested in bare ground.  However, if you want to work with vegetation etc, then the DSM will be more relevant. The difference between a DSM and DTM is shown below as a reminder.  
[image: What is a CHM, DSM and DTM? About Gridded, Raster LiDAR Data ...]

4)  You will have downloaded a series of tiles for your chosen location. 

5)  Import these into QGIS by inserting them as a raster layer. Explore your downloaded dataset. Each location will look different, but in general you will have been provided a series of tiles. Each tile will be imported as a separate layer if you click and drag them into GIS. The example below is the individual tiles loaded with a Google basemap behind. The raster files have been modified with 10 equal interval classes (Properties>Symbology>Render Type> Singleband pseudocolour), and the transparency has been set to about 50%.

[image: A map of land with red lines

Description automatically generated with medium confidence]

6) Where relevant, you may want to select Raster > Miscellaneous> Merge 
This will combine all your Raster tiles into one single layer (which is easier to manage). After you click on Merge, you will be prompted to select your Input layers in a new dialogue box. Click on the tiles you want to merge, then click run. After this has run, a new layer will be loaded (which is all of the tiles combined). 
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7)  For the next step we will be creating terrain profiles. A terrain profile is a way of visualising a cross section across an area of interest. For this demonstration we will perform several of these along a river. We will be installing a new Plugin. Click on Plugins>Manage and Install Plugins>
In the search bar, type in ‘Profile Tool’ and click on ‘Install Plugin’. Once this has been installed you will be able to navigate to this plugin by clicking on Plugins>Profile Tool (as shown below). 
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8) Once you have clicked on Terrain Profile, a new tool will appear on your QGIS window. In your layers tab, deselect all layers you are not using, ensuring that your recently merged layer is active. 
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9) Press ‘Add Layer’ on your Profile Tool, this will add your layer of interest in your Profile Tool. Then, under options, select temporary polyline. This will allow you to digitise a temporary line to create an elevation profile.
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10)  You can also use this tool to calculate the elevation profile for a digitised polyline (e.g. digitised vector line). This will allow you to export your elevation profile as a graph (.png). To find the profile of a digitised polyline, under ‘Selection’ (shown by the green box in the image box), select ‘Selected Polyline’, then click on the required line on your map.

11)  You can export this data as a graph, or as a table. Explore the range of ways you can extract this information. You will also notice there is an option to export a graph indicating the change in slope across the line. You can also interrogate the graph to show the corresponding point on your map. 

12)  Create a local (site-specific map) for an area of interest. Your chosen area should have some element of flood risk identified from last weeks activity. You can also integrate cross section or profile data for your site.  Key Questions: What site-specific habitat recommendations could you make here? What additional information might you need for your site?








Activity 3: Local Terrain Analysis
You can begin to explore more localised Raster Terrain Analysis and creating local maps of slope, aspect, ruggedness index, etc. 
Slope - informs about how steep the terrain is. If, for example, you want to build houses on the land there, then you need land that is relatively flat.
Calculating Slope for your raster file:
1) Click on Raster> Analysis> Slope
2)  Change the symbology (your choice) and transparency (~50%) 
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· Aspect - Aspect is the compass direction that the slope of the terrain faces. An aspect of 0 means that the slope is North-facing, 90 East-facing, 180 South-facing, and 270 West-facing.
· Ruggedness Index - Calculates the quantitative measurement of terrain heterogeneity described by Riley et al. (1999). It is calculated for every location, by summarizing the change in elevation within the 3x3 pixel grid
· Remember: For whatever analysis you conduct in your Raster file, you can always clip the output by a shapefile of your region of interest (ROI). You will also be able to calculate the statistics for any of your layers by clicking on Raster Layer Statistics. This can be really useful to add more quantitative assessment in your work. 
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Key Questions: What ways could you possibly use statistics in your habitat management suggestions?














Activity 4 – Using Raster Calculator to create habitat specific queries (Extension)

[image: Dartford warbler among pink flowers, The Wildlife Trusts]
Image of a Dartford Warbler: Dartford warblers | The Wildlife Trusts

1) Using the SRTM data provided (“SRTM_Gower_BNG_10m.tif”), identify locations (sites) in Gower which would be suitable for the Dartford Warbler given the following criteria:

· Elevation: Between 10 and 100 metres
· Slope: On slopes greater than 5 degrees
· Aspect: On south-facing slopes (between 120 and 240 degrees)
· [image: Applications of Shuttle Radar Topography Mission Elevation Data -  Zandbergen - 2008 - Geography Compass - Wiley Online Library]
· Extent of SRTM (flown in 2000).

These three topographic variables will be calculated from the DEM, then, using thresholding, will be constrained to pixels that match these three criteria.
2) SRTM data is freely available via the USGS Earth Explorer website: 
https://earthexplorer.usgs.gov/
· Note that the resolution is relatively coarse
· At 1 arc-second, per pixel, the resolution at the equator is about 30m.
· It will not provide clear definition of individual buildings or trees, but a generalised landscape-level terrain profile
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Aspect
3) Aspect: To calculate the topographic variables, use the following steps:
Either:
· ‘Raster’ drop-down menu > ‘Analysis’ > ‘Aspect’
· Search ‘Aspect’ in the Processing toolbox and use the GDAL ‘Aspect’ function
· Provide the DEM provided as the input layer
· Specific the output file path (location) and filename


[image: A screenshot of a computer
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Slope 
4) Either:
· ‘Raster’ drop-down menu > ‘Analysis’ > ‘Slope’
· Search ‘Slope’ in the Processing toolbox and use the GDAL ‘Slope’ function
· Provide the DEM provided as the input layer
· Specific the output file path (location) and filename


Raster Calculator
5) As all the grids (Elevation, Slope, Aspect) align / match, they can all be assessed simultaneously to calculate the thresholded output, as all the pixels from each of the layers overlap. Therefore, a single equation can be used.
6) Search ‘Raster Calculator’ in the Processing toolbox and use the QGIS ‘Raster Calculator’ function
[image: ] [image: A screenshot of a computer
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The equation (expression) can be entered once, using all three input variables. 
7) Using the Raster Calculator:
· Enter the expression in the Expression box
· Be sure to specify a reference raster layer (use the original DEM, though any of the inputs will work also as they all have the same extent, pixel size and CRS).
· Specify the output filepath and filename

[image: A screenshot of a computer
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8) The output is a binary layer (1’s and 0’s) where all 1’s meet all the criteria. However, the output is ‘peppered’ with isolated 1’s which are not part of larger areas. Your extent should look like the image shown below:
[image: A satellite view of a black land
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9) Sieving is a useful tool for consolidating (cleaning) isolated pixel clusters into larger clusters with neighbouring pixels. 

[image: A screenshot of a computer
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10) By making the no-data pixels transparent, using the Symbology function, you can now visualise the classified ‘suitable habitat’ pixels overlain on a basemap layer.

[image: An aerial view of a land with water
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11) Your modelled raster output should reveal areas that match those of known sightings. Due to the protected nature of the bird (Schedule 1), precise locations are not given, but both National Biodiversity Network and British Trust of Ornithology reveal that this species is present on south and west Gower. Recent research to study the habitats of this species on Gower quotes both Rhossili and ‘southern cliffs’ as known locations: Dartford warbler research - BSG Ecology (bsg-ecology.com). 

[image: A screenshot of a computer

Description automatically generated]

12) In this activity we have successfully utilised SRTM data to derived a site suitability map. This approach can be adapted for all sorts of habitat queries to derive habitat appropriate management guidelines.


Further examples of habitat suitability mapping (walkthroughs)
Habitat Analysis using QGIS 3.22 and QuickMapServices Plugin - CUOSGwiki (carleton.ca)
8.4. Lesson: Supplementary Exercise — QGIS Documentation documentation
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