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GIS and Habitat Management (ACBA 7005)
Raster Data Analyses and Geoprocessing

Aim
In this lab we will be carrying out a series of tasks using both raster and vector files to explore flood risk, climate change and building resilience.  We will build our skills in the following areas:
· Vector representation and geoprocessing 
· Fixing topological issues with vector data
· Raster file terrain analysis
This lab is split into two parts, the first focussing on the assessment of preexisting hydrological and flood maps. The second part focusses on the use of raster files for creating detailed (local) site maps, integrating hydrology and simple terrain analysis.  

Activity 1 – Assessing flood risk
1) Open a new file in QGIS and save it as ‘Lecture 4’. 
2) You will be inserting new layers that have been created by NRW. These layers can be found by clicking on the following links:
You will need:
· NRW Historic Floodmaps (as a Zipped Shapefile)
· NRW WFD Operational Catchments (as a Zipped Shapefile). 
· NRW Main Rivers (line) 
· NRW Flood Risk from Rivers

3) Download these files as Zipped shapefiles and import them into QGIS as we have done in previous lectures. 
4) Add a XYZ Tile Basemap (such as GoogleEarth) as we have carried out in the previous activities. 
5) Modify your imported shapefile layers. You will want your Google Earth XYZ Tile Basemap on the bottom of the layer order. You will want to then display:

a) Top Layer - NRW Main Rivers (line), change line colour to blue and modify as suited. 
b) Historic Floodmaps should be active and can be placed between the catchment and NRW Main Rivers layers. 
c) WFD Operational Catchments should also be displayed. Change this layer so that it does not have a fill colour. You can modify this either by changing the Symbology style or making the ‘Fill’ colour opaque. 
d) NRW Flood Risk from Rivers (to toggle on and off as needed)

6) Explore the data that you have imported into QGIS. Can you observe any topological errors (hint: look at the NRW Main Rivers layer). What might be the problem with this dataset?

7) Now explore your Historic Floodmap Layer. Zoom into Morriston. Click on the ‘Identify Features’ button on your toolbar. Click on the layer to find out more information about each polygon. 

8) Next, using the same ‘Identify Features’ tool, draw a rectangle around the historic flood extent for Morriston. 
[image: A screenshot of a computer

Description automatically generated]
You will see a large number of individually drawn polygons, representing successive flood events for the River Tawe. However, the current layer has them digitised on top of each other, so each event is hard to see. 
[image: A screenshot of a computer screen

Description automatically generated]
9) We will now use the ‘Union’ geoprocessing tool. This will show all so the flood record extents in the same layer so that all the digitised points are shown.


10)  Next, we decide that this sort of a map is too complicated for what we want to show. We would like to make this map simpler just to highlight the extent of ALL the historic floods. Therefore, we will now use the dissolve tool. This tool combines all the of features and displays them as one combined layer (in this example all the features have been dissolved into one. 

[image: A screenshot of a map

Description automatically generated]
11)  Now you will import the National Flood Risk River Environ Polygon onto QGIS. Once loaded, it will look like the picture below:
[image: A map of the country

Description automatically generated]

12)  Click on the attribute table and see what data is included. We will be mapping areas of High Flood Risk (e.g. modifying how this data is shown so we can visually see areas of highest flood risk).  To do this you will open up your ‘Layer Properties’ and click on symbology. Click on ‘Graduated’ Symbology. 

Under Value select ‘High Score’, this is the last option. 
Under Mode, select Equal Count and Select ‘5’ classes.
Click classify to see the classes. 
[image: A screenshot of a computer

Description automatically generated]
Experiment with what happens if you change the number of classes or change the mode (e.g. to Natural Breaks (Jenks) or other (shown below). 

[image: A screenshot of a computer screen

Description automatically generated]

[image: A map of the united kingdom

Description automatically generated]

13)  You can do something similar with the NRW Flood Risk from Rivers map. This dataset is a series of polygons digitised and categorised as Low, Medium and High Flood risk. 
[image: A screenshot of a computer

Description automatically generated]
You can change the opacity of layers in layer settings to highlight the risk levels of interest (shown above). High risk is now 100% opaque and has been excluded from the map. 
















Activity 2: Using vector data and making a map. 
Using your QGIS workflow, you will be turning some portion of your derived content into a map, and including elements like a map inset, grids, north arrow, scale bar and labels. It is up to you what you want to focus on. At this point, you can begin to make your selected region more relevant to your Habitat Management Plan area.  If you have not chosen this, focus on an area that has some flood risk. 

Example Map Ideas:
A - A map highlighting variety of flood extents derived from historic flooding record.
B - Map of Wales showing Low, Medium and High Flood risk extents
C - Use the ‘buffer’ geoprocessing tool to add riparian buffer extent onto map of a river. 

1) Click on Project > New Print Layout
You will be prompted to enter a layout title. Enter a map title and click OK. 
2)  Next you will want to bring the map view that you have chosen in QGIS to this Layout1 window.
[image: A screenshot of a computer
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3)  Click on Add Items> Add Map
4)  Once this ‘Add Map’ mode is active, use the left mouse button to drag a rectangle where you want to insert your map. 

Now, the rectangle window will be rendered with the map from your main QGIS window. You can edit the extent that is shown by Selecting Edit> Select/Move Item and Edit> Move Content. 
You can right click and select item properties to adjust other properties, like the scale or map rotation. Once you are happy with the configuration of your map, (and before you make any changes to the layers in the main QGIS window), check the Lock layers and Lock styles for layers boxes. This will ensure that if we turn off some layers or change their styles, this view will not change.

[image: A map of japan and japan
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5)  You can create an (optional) inset map by adjusting your view (adding or removing layers in QGIS) and repeating the steps 3 + 4.
From here, you can add other elements to the map in the Add Item section (such as legend, scale bar, dynamic text, markers). 
You can use the Item Properties area to add grids that illustrate the latitude and longitude of your chosen site. 

For further guidance on MapLayout you can visit:
· Making a Map (QGIS3) — QGIS Tutorials and Tips
· How to Make a Map in QGIS - GIS Geography
· 2. Module: Creating and Exploring a Basic Map — QGIS Documentation documentation

Activity 3 – Visualising Raster Data 
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). 

[image: A screenshot of a computer
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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 4 – Working with Raster data 
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

Description automatically generated]
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). 

[image: ]

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). 

[image: A screenshot of a computer

Description automatically generated]

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. 

[image: A screenshot of a computer

Description automatically generated]
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.
[image: A screenshot of a computer

Description automatically generated]
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 the previous 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?








Additional Extension Activities:
You can look at Raster Terrain Analysis and the following steps:
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%) 

[image: A screenshot of a computer

Description automatically generated]

· 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. 
[image: A screenshot of a computer
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