Mapping Habitable Range Shifts of Salt Marsh Bird’s Beak Due to Sea Level Rise

Background
Salt Marsh Bird’s Beak is an endangered plant species that lives in the Upper Newport Bay in Newport Beach, California. Bird’s Beak lives in a salt marsh environment and is a halophyte. Halophytes are plants that are able to live in salty environments, making them highly adapted and unique. Therefore, the interface between land and sea is very important to halophytes, as the tidal range determines the salinity of the soil and therefore their proximity to the sea. As sea level rises in response to climate change, it is expected that the habitat range of halophytes will shift. This presents a critical threat to rare and endemic species in the Upper Newport Bay, such as Salt Marsh Bird’s Beak. In this lab, you will predict how the habitable range of Bird’s Beak will change by the year 2100 based off of a sea level rise scenario of your choosing. 

Goal
Determine the current habitable range of Salt Marsh Bird’s Beak by using LiDAR raster data and plant occurrence data. Given projections of sea level rise for the Newport Bay, determine the new habitable range of Bird’s Beak for 1 of the 5 sea level rise scenarios for the year 2100, and map this new range. Determine the areas for each range and calculate the difference in habitable area. 

Methods/Skills Overview
Using a LiDAR DEM file, create a hillshade, and then use a clip tool to clip the hillshade to the study area. Use shapefiles of occurrence data and the DEM raster data to find elevations of occurrences to determine the current habitable range of Bird’s Beak. Create new rasters using Boolean overlay to create a model for the current habitable range. Then, using the same habitable range and sea level rise projections, create a new, shifted habitat for the Bird’s Beak in the future. 

Data in the SMBB_Lab Folder:
· Point and polygon shapefiles of occurrence data of Salt Marsh Bird’s Beak
· LiDAR raster file of the Upper Newport Bay
· Upper Newport Bay Boundary shapefile
· Sea Level Rise Projections Excel file

Procedures:
Important reminders!!
· Do not include spaces in file names, be sure to change the save location from default to folder on your USB or desktop.
· Save periodically.
· All of the questions in red should be answered in a separate document. Include the questions in red, and the answers in blue. Two (2) screenshots should be included in your final document. The lab instructions indicate when to take the screenshots. 




Part I: Create a Hillshade of the Upper Newport Bay using LiDAR Data
1. Download the SSMB_Lab folder from Canvas and save it to either the desktop of your computer, or your personal USB drive. Unzip the SMBB_Lab folder. 
a. Open ArcMap. Select New Maps, and create a new Blank Map. Save the map under a name that is easy to identify, with no spaces. Save often. 
b. Go to the Catalog on the right hand side of the screen. Click the “Connect to Folder” Icon (folder with a black plus sign) and connect to the location of the SMBB_Lab file on the computer. This will give you access to the necessary files in ArcMap. 
2. Add LiDAR data onto the map.
a. In the catalog, go to the SMBB_Lab folder. Navigate inside the “LIDAR_UNB” folder and then into “LiDAR_Files” folder. 
b. Click and drag the file called “LiDAR_UNB.tif” (the only file with a plus sign symbol on the left hand side) onto the blank map. What is the lowest elevation in the LiDAR? The highest? How did you find this answer?
3. Create a hillshade of the LiDAR data. This gives us a much better visual of the landscape of the Upper Newport Bay.  
a. Navigate to the ArcToolbox. The ArcToolbox is located in the toolbar on top of the program. It is a symbol with a small red box. Click on the toolbox, and a window of the various tools appears.
b. We are going to navigate to the “Hillshade” tool. Find “Spatial Analyst Tools” and click the plus sign. Then find “Surface”, and click the plus sign again. The “Hillshade” tool will be in this folder. Click the “Hillshade” tool. You can also type “hillshade” into the search bar of the toolbox.
c. For the “Input Raster”, choose the “.tif” LiDAR data. 
d. The “Output Raster” is being saved as a default name in a default folder, so to change this, click the folder on the right side of the field. Navigate to the SMBB_Lab folder, and save it in “Newport.gdb”. Save it as UNB_hillshade. Click OK. 
e. Right click the output (UNB_hillshade) in the Table of Contents, and go to properties. Find the “Symbology” tab. In the “stretch” menu, the drop down menu for “Type” should be “Standard Deviations”. Change it to “Standard Deviations” with n=2.5. Click APPLY. Notice how the image changes. Think: what have you just done? Why did you take this step?

Part II: Create Salt Marsh Bird’s Beak Occurrence Map
1. Now that we have a better visual and base for our map, we can add in the points and polygons of the Salt Marsh Bird’s Beak occurrence data.
a. In the Catalog, go back to the SMBB_Lab folder, and into the “Newport.gdb” geodatabase. Drag the “Points_SMBB” onto the map. When you do this, a “geographic coordinate systems warning” will pop up. Stop and think: what should you do when the datum don’t match? 
b. Click “Transformations”. You will transform the occurrence data points into the same GCS as the LiDAR data, so click “GCS_WGS_1984” into “GCS_NAD_1983_NSRS2007”. Click OK, and close. (Note: the reason you transform the occurrence data, and not the LiDAR, is that the DEM file is extremely accurate and with transformations, small errors can accrue that could cause the LiDAR data to be less accurate). 
c. Repeat this process again, but with “Polys_SMBB”, and the “UNB_Boundary”. You now have all of the Bird’s Beak occurrences on the map, as well as the boundary of the Upper Newport Bay. 
d. Go the properties of the UNB_Boundary, and change the symbol to hollow with an outline width of 1. Click OK and OK. 
e. Right click “Points_SMBB” and open the attribute table. How many point occurrences are there?
f. Right click “Polys_SMBB” and open the attribute table. How many polygons are there? Take a screenshot of the hillshade with the points, polygons, and boundary on it, with the Table of Contents included. 
Part III: Find the Elevation Range of Salt Marsh Bird’s Beak 
1. We want to find the elevation range of the Bird’s Beak occurrence data. To do this, we need to know the elevation at which each of these occurrences lie. That is, we need to extract the elevation values for each of the points and polygons. 
a. First we want to “Clip” the LiDAR to just within the Upper Newport Bay boundary. Why would we want to clip the LiDAR data? Find the search icon, to the left of the toolbox on the toolbar (an icon with a small globe). In the search bar, search for “Clip”. Which Clip tool should we use? Coverage, analysis, or data management? Why? 
b. In the clip tool , you will use the original LiDAR (not the hillshade) for the “Input Raster”. For the “Output Extent”, choose the “UNB_Boundary” and check the box that says “Use Input Features for Clipping Geometry”. In the “Output Raster Dataset” field, save again in the “Newport.gdb” geodatabase, under the name “lidar_clip”. The new layer can be turned off by unchecking it in the Table of Contents. 
2. We’ll first find the elevations for the Points_SMBB. 
a. To find the elevation values for each of the occurrence points, you will use a tool called “Extract values to points”. Go to the ArcToolbox Spatial Analyst ToolsExtraction “Extract values to points” tool. Choose “Points_SMBB” as the input point feature, and the “lidar_clip” as the input raster. Save the output in the “Newport.gdb” geodatabase and call it “SMBBpoints_elev”. Click OK. It will create a new layer in the Table of Contents, if you open the attribute table, the raster value of each point will be at the end of the table under “RASTERVALU”. You can right click on the field and choose Sort Ascending or Sort Descending. What is the lowest elevation of an occurrence point? What is the highest elevation of an occurrence point? Why is this information important knowledge for describing the habitat range of Bird’s Beak? What did you effectively just learn about Bird’s Beak from using the Extract values to points tool?
3. Next we’ll do the same for the Polys_SMBB!
a. We need to do the same kind of process for the polygons, but cannot use the same tool because polygons encompass a zone rather than a point, and therefore will have a range of elevations within each polygon. We are going to use a tool called “Zonal statistics as table”, which will give the numeric range of elevation for each polygon. Go the ArcToolboxSpatial Analyst Tools Zonal,”Zonal statistics as table” tool. The “input raster or feature zone data” is “Polys_SMBB” and the “input value raster” is “lidar_clip”. Change the Statistics Type to “MIN_MAX”. The output table should go in “Newport.gdb” as “SMBBpoly_elev”. Click OK. Right click and open the table. Using sort ascending and descending, what is the minimum value within a polygon? What is the highest value within a polygon?
b. Using both the point and polygon data combined, determine the habitable elevation range of Bird’s Beak. Does this answer surprise you? Why or why not?
c. Take a screenshot of your current map. Make sure the hillshade, boundary, points, and polygons are turned on. Show the Table of Contents in the screenshot. 
Part IV: Create a New Raster of Habitable Elevation Range for Bird’s Beak
1.  We now have an elevation range for the ideal habitat of Bird’s Beak, which you found using the occurrence data (i.e. where the Bird’s Beak has been observed in the wild). This range is 1.16-2.25 feet. We want to make a new map that shows everywhere in the Upper Newport Bay that falls within this elevation range, which will give us the total habitable range of the species (i.e. places where the Bird’s Beak can live, even if it isn’t currently observed in that specific location).
a. To create a new raster model for the habitable range of Bird’s Beak, you are going to use something called a Boolean raster. This means that you will use a new tool in which your elevation data will be placed into either a “true” or “false” bin. Each raster (elevation) cell that falls into the elevation range of 1.16-2.25 feet will be equal to 1 (i.e. “true”), and every other elevation value will be equal to 0 (i.e. “false”). In this way, you will produce a raster that contains only 0’s and 1’s, and everywhere that is a “1” is a location where Bird’s Beak could potentially be found. You will make this Boolean raster using a “Reclassify” tool. Go to the ArcToolboxSpatial Analyst ToolsReclass”Reclassify” tool. 
b. The input raster is the “lidar_clip”, keep the reclass field as Value. Click “Classify”. Change the classification method to “Equal Interval”, and number of classes to 4. Then, change the classification method to “Manual”. In the Break Values box, change the top number to the lowest value in the whole dataset, -0.13 ft. The next number should be our lower boundary of the Bird’s Beak elevation range, 1.16 ft. The next number should be the upper bound, 2.25 ft. The last number should be the highest value of the dataset, which you shouldn’t need to change. Click OK.
c. You should see the menu with old values and new values. We are going to change all of the “new values” to 0, except for 1.16-2.25, which we will set equal to 1. Set the NoData to 0, as well. The output raster should be saved to “Newport.gdb”, and be called “SMBBcurr_range”. Click OK. A new raster layer will be added to the map. 
d. Go to the symbology tab of the properties menu for “SMBBcurr_range”. Change the color of the 0 values to No Color, and choose any color for the 1 value (preferably something easy to visualize, like bright yellow). Click OK. This new raster shows everywhere that Salt Marsh Bird’s Beak could potentially live. The attribute table will tell you the number of pixels that are equal to 0 and 1. What is the count of pixels that fall within the elevation range? What can you do with this information?
e. Take a screenshot of the new raster on top of the hillshade, with the points and polygons. Include the Table of Contents in the screenshot. 
2. Find the area of the current range.
a. Go to the ArcToolbox, Spatial Analyst Tools, Zonal, and click the Zonal Geometry as Table tool. 
b. The input raster is “SMBBcurr_range”, zone field is “Value”, the output table should be saved in the “Newport.gdb” geodatabase as “SMBBcurr_area”. Click OK. Open the table. What is the area of the current Bird’s Beak range (include units)?
Part V: Create a Future Projected Range in Response to Sea Level Rise
1. Now you will predict a new range for Salt Marsh Bird’s Beak for the year 2100, keeping in mind that sea level will rise. You can explore the different sea level projection scenarios on NOAA’s website: https://bit.ly/3dccTkR. You may choose whichever sea level rise scenario you think most likely (or whichever one you are most interested in). All of the likely scenarios are provided in the excel file in the next step.
a. Open the Excel file called “NewportBay_SLR” in the SMBB_Lab folder. The table in the Excel file gives the projection for sea level rise for 5 different scenarios, that are based off of the. Intergovernmental Panel on Climate Change (IPCC) projection scenarios for future CO2 emissions. You will map how the range of Salt Marsh Bird’s Beak will change given a sea level rise scenario. Choose which 2100 scenario you want to map: Intermediate Low, Intermediate, Intermediate High, High, or Extreme.
b. Once you pick your scenario, see what the projection of sea level rise is in feet. We need to create a new elevation range based on this projection. To do this, you will shift the current elevation range upwards by the sea level rise value. For example, the current range is 1.16-2.25 feet. If the SLR projection is 1 foot, then the new range would be 2.16-3.25 feet. Find the new elevation range. What 2100 scenario are you mapping? What is the new elevation range?
2. Now we are going to make another new Boolean raster for this new elevation range in the year 2100. 
a. Navigate back to the “Reclassify” tool we used earlier. The input raster is again the “lidar_clip”. Click classify, change method to Equal Interval with 4 classes, then change method to Manual. Like before, make the lower bound -0.13, the next number is the lower bound of your new elevation range, then the next number is the upper bound of your new elevation range. The last number is the highest in the dataset, which you shouldn’t need to change. Click OK. 
b. Change all of the New Values to 0, except for the new elevation range, which should be 1. Save in the “Newport.gdb” geodatabase as “SMBB_XXX” (fill XXX with your scenario: intlow, int, inthigh, high, extrm). Click OK. 
c. In the symbology tab of the properties window, change the 0 values to no color, and the 1 values to a color of your choosing (again, choose something bright that is easy to see). 
3. Find the area of the SLR scenario range.
a. Go to the ArcToolboxSpatial Analyst ToolsZonal “Zonal Geometry as Table” tool. 
b. The input raster is “SMBB_XXX” (the new raster from the previous step), zone field is “Value”, the output table should be saved in the “Newport.gdb” geodatabase as “SMBBXXX_area”. Click OK. Open the table. What is the area of the SLR scenario range (include units)?
c. Take a screenshot of the new range, include the hillshade and show the Table of Contents in the screenshot. 
d. How does the sea level rise scenario you chose impact the habitable range of Bird’s Beak? What do you think this might mean for the future conservation of the species? What are some steps that can be taken to ensure Bird’s Beak isn’t lost in the future?



