Exercise 6c: Estimating the impact of sea level rise in coastal areas of the United States

NOAA National Centers for Environmental Information (NCEI)
ArcGIS Online
 

Due: must be completed by Wednesday, October 2 at the start of class. 
Goal: Your goal will be to analyze where the populations are that would be affected by sea level rise and to estimate how many people would be affected by rises of various magnitudes. In order to do this, you need to combine detailed census data with accurate topography in coastal regions. In this part of the exercise, you will download US Census Bureau data and prep both your bathy-topo DEM (downloaded in 5a) and the census data for analysis.
Turn in: this sheet with the answers to the questions, plus a well-organized set of files on your hard drive.
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A cautionary note: In this part of the exercise, you will generate quite a few more files. Be sure to organize your folders and files carefully so that you identify things clearly and can find things easily.
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World map graphic from http://mappingcenter.esri.com/index.cfm?fa=resources.gatewayPresentation 
“Making Beautiful Maps”, 2010 presentation by Buckley, Akella, and Richards.
US Census data
The US Census is taken every 10 years, and the most recent census data were collected in 2010. Go to the US Census Bureau web site: http://www.census.gov/geo/maps-data/data/tiger.html

Note the heading - this is where you can download TIGER Products. What does TIGER mean? What kinds of data products can you download from this page?



US Census Bureau data are available in a number of different resolutions: 

· The smallest statistical census unit is called a census block. Census blocks provide the highest level of detail.
· Blocks are combined into block groups.
· Block groups are combined into tracts.
· Tracts are combined into counties. 
· US census data have two components: 1) shapefiles that show the outlines of the census units and 2) data tables containing the actual census data. In order to use the data in ArcMap, the shapefiles must be merged with the data tables.
· Fortunately for us, the US Census website has recently made merged files available at the block level that contain population and housing units. Because all we need for our sea level analysis is population at the block level, we’ll use the pre-prepared files to save ourselves a lot of time.

Part I. US Census data download and prep

A. Data download
1. From the TIGER products web site, choose the link to TIGER/Line with Selected Demographic and Economic Data. You’ll see a number of different types of files available.

[image: ]
2. Expand the blocks listing for the 2010 census, and choose a state (or states, if your DEM covers more than one state). Save the file in a folder with an appropriate name (note that the download will have a totally generic name….). Repeat for any other states that you need.
B. Data prep
1. Unzip the file(s), and preview in ArcCatalog. 
2. What is the coordinate system for the data? Is this a GCS or a PCS?





[image: ]
3. Combining files from more than 1 state
a. If your bathy/topo DEM covers more than one state, you should have downloaded more than 1 state of census data. If you add them to ArcMap, they will come in as separate files, as at right. To use them in analysis, you will need to combine the states into one data file so that ArcMap can handle the states as one data set. 
b. ArcMap has two tools for combining data: Join and Merge. Do  search for each of these tools, and read the “about the tool” screen for each. For your state census files, which do you want, Join or Merge? Explain.








c. With the correct tool selected, load the state data sets. Browse to where you want to store the combined data sets, and name the output data. Be sure to Retain all Fields.
d. Once you add your new file to ArcMap, you’ll see that it is now all one data set.
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Part II. Making a split raster for your bathy/topo
Colorizing a DEM or a hillshade made from a DEM that contains both bathymetric (submarine) and topographic (land) data is difficult. You’d like to be able to have everything below water be shades of blue and everything above water be shades of green and brown. But, a single color ramp can’t easily be assigned that way. A useful strategy is to split a raster into two rasters, one with pixels below sea level and one with pixels above sea level. ArcMap doesn’t have a tool to do this, but you can download and add a 3rd party tool. This is a useful thing to know about – it’s always worth hunting for a tool to do something even if you can’t find it in the ArcGIS toolbox.

A. Downloading and adding a 3rd party ArcMap tool
1. Dave did exactly the kind of search described above to find out how people handle color ramps for a bathy/topo DEM. He originally found a link to a 3rd party tool in a blog post on the ESRI ArcGIS Resources blog, but the blog post doesn’t appear to be accessible anymore. But! The folks at University of Rhode Island have a page on their website that describes the tool:

https://www.edc.uri.edu/blog/visualizing-topobathy-digital-elevation-models-dems 

2. Go to this site, and read the page. Although the ESRI blog link doesn’t work, the download toolbox link does. Do the download, and unzip the file.
3. The folder consists of 2 items, an ArcToolbox and a style:

[image: ]
4. [image: ]Add the toolbox to the ArcToolbox list
a. In ArcMap expand the ArcToolbox tab, and right-click on the ArcToolbox header. Scroll to Add Toolbox.
b. In the Add Toolbox window, browse to the      SplitRasterAtValue.tbx file, and click Open. This adds the toolbox to the list of toolboxes under ArcToolbox.
[image: ][image: ]






c. The toolbox will remain in the toolbox list as long as you do not quit this ArcMap session and will be available in the toolbox when you reopen this particular project.
d. [image: ]A new project, however, will not have this tool available. To save the toolbox to the general list, right-click on ArcToolbox header and scroll to Save Settings. You can either save to a file or to Default. Saving to default saves it to the “master” Arc Toolbox that always opens. Saving it to a file allows you to build custom toolbox lists for use in given projects. To load a custom toolbox list use the Load Settings command and select the custom toolbox list saved prevously.

B. Splitting your raster
1. With the toolbox loaded, click the plus sign next to it and double click on the multicolored icon. Unlike tools you have used before which are symbolized by a hammer, this is symbolized by a set of colored rectangles with linking lines. You’ll notice that the processing model icon has the familiar format of a workflow chart!! This is the symbol of a Processing Model. You’ll have a chance to design a model later in the semester – right now, you’re just going to use one. 
2. [image: ]The split value is the elevation at which you will split the raster. To split the raster at sea level, the split value will obviously be 0. The input raster will be a bathy/topo. Browse to a location to save the output. The tool does not ask you to name an output file because the tool will generate 2 output rasters and names them automatically.
3. Click OK to run the tool.
4. Two rasters called “below_fl” and above_fl” will be added to the designated output workspace folder. Add these to the map document, and OK to build pyramids. Be patient - these are big files and will take time to build the pyramids.
5. You now have two new DEMs in the TOC, one for elevations below 0 and one for elevations above 0.

C. Symbolizing your new split DEMs
1. You could use the standard ArcMap color ramps to symbolize these DEMs but your downloaded zipped file that came with the toolbox also contains a set of color ramps that the people who built the toolbox specifically made for symbolizing this type of data. It would be a shame not to at least look at it and try it out!!
2. Adding a new set of color ramps to your Symbology options under the Symbology tab
a. There are many color ramps available for download, and you can create custom ramps for yourself as well. So this is a great technique to know about. 
b. [image: ]From the main menu choose Customize > Style Manager. The Style Manager window opens showing the styles available.

c. [image: ]Click the Styles button to display a list of all the available styles that come pre-packaged with ArcGIS. We want to add a new style, not use one that is already part of the ArcGIS package. 
d. Click the Add Style to List… button, and browse to the Topo_Bathy.style file in the unzipped folder that contained the split raster toolbox. Click Open.
e. This style is now added to the Style References list and is checked. Click OK.
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3. You can use the Style Manager window to see the color ramps that you added with this style file.
a. Expand your newly added folder by clicking the plus sign. Then click on the Color Ramps folder. You’ll see the added color ramps in the adjacent window.
b. Right-clicking on a color ramp name and scrolling to rename will display the entire name of the color ramp. Some are a bit cryptic with their shortened names.
c. When you’re done, close the Style Manager window.
[image: ]
4. Use one of the new bathy ramps to symbolize your bathy DEM split. Use one of the land ramps for your topo DEM split. In the example at right, the bathymetry is symbolized with bathymeteric2, and the topography is symbolized with elev_venezuela.










Part IV. Projecting all your data sets into the same projected coordinate system
At the moment, all of your data are in a GCS. Because you will want to make a hillshade from your DEM, you’ll need to project the DEM (you’ll learn later in the semester how to make a hillshade from a DEM with a GCS). And it’s best practice to have all your layers in the same projected coordinate system before you start doing analyses, rather than having ArcMap project on the fly. 

1. Start a new folder at the top level of your sea level folder so that you can collect all your projected data sets into one folder for easy use. 
2. Project all data sets to WGS84 UTM XXN, using your UTM zone map to pick the correct UTM zone for your coastal area. If a geographic transformation is needed, be sure to choose the correct transformation using your datum transformation handout. Be sure to save these projected files with names that lets you know that they are projected, and be sure to save them in your top level working folder.
a. Use the tool search to find the right tools.
b. Which tool did you choose to project your DEM? Why?



c. Which tool did you use to project your census data file, and why?



3. Make a hillshade of your unsplit bathy-topo to make sure everything is hunky-dory. If you got a “molten metal” hillshade, what do you need to do to fix the problem?






4. Add your census data files.
5. If you should have to go back and re-do something, delete the offending files that you don’t need so that you don’t wind up with a whole passel of files that you can’t distinguish from each other. Be sure to do this in ArcCatalog, not Windows Explorer.
6. Make sure that you have all your data sets, plus an mxd file with your DEM and census blocks  ready for class on Monday.
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