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Exercise 5e: Estimating the impact of sea 
level rise in coastal areas of the United States 

and comparing to the impact in coastal Asia 
 
Data sets (downloaded in previous homework from the National 
Geophysical Data Center and from the US Census):  

 
 NOAA tsunami inundation DEM for one coastal region 

 TIGER census data for the same region 

 

 

Due: you must complete the GIS analysis for your US location by Monday, 26 Sep. 

at the start of class. You must complete the GIS analysis for Asia by Thursday 29 
Sep. at the start of class. 

Goal: You already know several methods for using ArcMap and data attributes to 
select a subset of a given data set. In this exercise on the impact of sea level rise 

or tsunami inundation, you will use another technique for selecting specific data 
from a data set based on the attributes in a second data set, and you will learn 
another way to reclassify data. 

Turn in: A letter to Uncle Don for this set of exercises, data-driven map pages, and 

work flows is due at 11:59 pm on Sunday, February 28.  
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Part I. Sea level rise 
Sea level can rise slowly over time as a result of global warming or catastrophically and 

temporarily as a result of a tsunami. The data sets that you downloaded for the first part of this 

exercise can be analyzed in ArcGIS to predict the extent of inundation, as in the pictures above, 

plus the number of people potentially affected. But, first, you will need to make decisions about 

what new sea levels to explore and why. We’ll start by exploring together which likely levels 

would be worth modeling and why.  

 

You must choose two levels to model for global warming and at least one level for tsunami 

inundation. What levels did you pick, and why? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Part II. Creating your map 

A. Creating your initial map 
1. Open your .mxd file from exercise 4c with the projected DEM, the projected hillshaded DEM, 

and the projected merged census blocks shapefile with the population table joined to it. You can 

turn off the census file for now. Be sure that the DEM is over the hillshade. 

2. In the hillshade layer, it is very difficult to see where the coastline actually is. Colorizing a 

semitransparent DEM and laying it over a hillshade helps separate water and land, but only with 

the correct color ramp.  

a. ESRI’s Mapping Center site (http://mappingcenter.esri.com) is a vast wealth of information 

on the science and aesthetics of cartography along with very cool methods for making great 

looking maps. You can spend a lot of time working through these ideas.  

b. Go to this website, and, under the ArcGIS Resources tab, you’ll find downloads for creating 

various cartographic styles. Download ColorRamps3.0. In this set of color ramps are some 

ramps specifically for colorizing bathymetry and one that does a reasonable job for colorizing 

both bathymetry and topography in the same data set. Download to you hard drive, and unzip 

the file. 

c. To load these color ramps into ArcMap go to Customize  >  Style Manager > Styles 

(button) > Add Style to List. Browse to ColorRamps3.0_Events.style and 

ColorRamps3.0_Hypsometry.style. Click open, OK, and then close the style manager 

dialog box. 

d. What you have uploaded is a whole file of new color ramps. The ones we’re interested in are 

called Continent_Europe 1_Portugal, Continent_Europe 1_Spain, and Seasonal Event 

Shift_dry_wet. In Symbology, right click on your color ramp and uncheck the graphical box. 

http://mappingcenter.esri.com/
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Then choose one of the color ramps listed above (see picture on page 3). If you choose 

Seasonal Event Shift_dry_wet, click Invert to make the water blue and the land light blue 

grading to green and brown with increasing elevation.  See picture on the next page. 

e. Be sure to colorize your DEM (not your hillshade), and make your DEM partially transparent 

to that the hillshade shows through. 

 

 
 

f. You can adjust exactly where this transition, blue to green, occurs by modifying the 

Histogram curve. If the Histogram button in the Symbology dialog box is grayed out, change 

the type from Standard Deviations to Custom, and OK the Calculate Histogram box. Then 

click the Histogram button. Click and drag the histogram curve, and then Click Apply (do 

NOT click OK!) It’s very easy to make a mess and wind up with something you don’t like. 

So use Apply to try things out, and Cancel if you don’t want to accept the changes. 

 

 
 

3. Turn on your merged and projected census data layer. If you have done everything correctly, 

your ArcMap should show the census block data lines overlying your DEM and hillshade. 
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Let’s take a minute to make sure that you understand what you’re 

going to do and why: 
 

The data you have: 

 A raster data set that contains information on elevations (your DEM). 

 A vector data set that contains information on the locations of census blocks (your census block 

shapefile) with census data in it. 

 

What you need: 

 You need 2 shapefiles that overlap, one that contains the census data and one that shows the 

extent of higher sea level. 

 Once you have the two shapefiles, you can ask ArcMap to find the census blocks in the census 

shapefile that also lie in the shapefile showing higher sea level. 

 The number of people in the census blocks in the overlap region is an estimate of how many 

people would lose their residences to rising sea level. 

 

What you need to do: 

 Create a shapefile that shows only areas below sea level for a particular MHW 
o Right now, your elevation data are in raster format, and you need to create a shapefile 

from it that shows only the areas below sea level. 

o First, you will re-Symbolize your DEM so that each pixel is colorized as either above sea 

level or below sea level. You can make as many re-symbolized versions as you want, 

choosing whatever value you want for sea level. You simply tell ArcMap to set the 

breakpoint for re-symbolizing at a different elevation than 0, and it will re-symbolize the 

data into pixels that lie above and below that new sea level (e.g., 5 m). 

o Re-symbolizing the data doesn’t actually change the data, so you’ll need to Reclassify 

the raster and assign new values to each pixel. When you’re done, you’ll have a new 

Reclassified Raster in which all of the pixels have either a value of 1 (below sea level) 

or 2 (above sea level). 

o Reclassifying a raster doesn’t create the shapefile that you need, however, so you will use 

the reclassified raster and Convert Raster to Polygons so that you have a shapefile with 

polygons that show areas that are either above sea level or below sea level for whatever 

sea level you’ve chosen. 

o And last, you need to intersect the census blocks with only the polygons that show areas 

that are below sea level. So, you’ll Select by Attributes only the polygons that are below 

sea level and Create a new layer from the selected polygons. Then you’re set to do your 

analysis. 
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B. Adding the census data 
1. Add your clipped shapefile with the census data to your ArcMap.  

a. Zoom in on a section of the map where there are a cluster of blocks and, using the 

Identify tool, click on one of the blocks. Select the new shapefile as the layer to Identify 

from. What information do we have for each of the blocks? 

 

 

 

 

 

You’ve been saving, haven’t you?? 
 
Part III. Using the data from the Total field to calculate 
how many people will be affected by changing sea levels. 

A. Creating shorelines 
1. The next step is to define shorelines for various sea levels. Remind yourself what the vertical 

datum for your bathy-topo DEM is: 

 

 

 

2. We’ll start by defining a modern shoreline at 0 m above MHW. Remember that we’re going to 

reclassify a copy of your DEM to show which pixels lie above sea level and which lie below. 

a. Add a new copy of your projected bathy-topo DEM, and rearrange it so that it lies above your 

colorized DEM and below the hillshade. 

b. Get the symbology for the DEM, and OK Compute Histogram, if asked (this may take a 

minute, so be patient). 

c. Change from stretched to classified. 

1.  Set the number of Classes to 2, and click the Classify button. Change the first break 

value to “0”, and click OK. 

2.  The symbology box now lists two ranges, max depth to zero and zero to max elevation 

with one symbolized in black and the other in white. You can double click in the color 

boxes to change the colors to blue and brown or blue and green if desired (or even 

better, blue for the water and no color for the land). Turn off your colorized DEM, and 

turn off and on the various other layers to see what you have. 

d. Just to make sure you understand what you did, describe for me what changing from 

stretched to classified meant, and what you accomplished when you set the “break value” to 

“0”. 

e. This change is simply a symbology change. In order to do further analysis, we need to 

convert this symbolized layer to a new permanent raster layer with only two elevation 

classifications, converting all the raster values to just two, one for water and one for land.  

1. Search for a tool that will reclassify a raster. Which one did you pick, and why? 

 

 

 

2. Use your resymbolized DEM is the input raster (select it from the pulldown menu, if you 

can’t drag and drop). The reclass field is Value. 

3. The old values/new values fields fill automatically and do not need to be modified. Note 

that the raster values from some negative number to 0 will now have a value of one and 

anything from 0 or higher will have a value of 2. Browse and name the output. Use a 
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name that indicates the shoreline value (just don’t start the file name with a number). Be 

sure to check the box “change missing values to No Data”. 

 

 
 

4. Click OK, and the layer is automatically added to the map. Rearrange it so that it is where 

you want it in the TOC. 

f. The next step is to convert this raster file to a set of polygons so that you can do calculations 

between the sea level polygons and the polygons in the census data. You can’t do these 

calculations with the DEM raster file, even though it is now reclassified. 

1. Search for a tool that will convert a raster to polygons. Which tool did you pick, and 

why? 

 

 

 

2. Input your reclassified raster, and choose Value from the Field pulldown. Name your file 

(with something indicating the shoreline level), choose Simplify polygons, and click OK. 

 

c 

 

3. Check the Attribute Table – you now have a shapefile with polygons that have a 

GRIDCODE of either 1 (water) or 2 (land) 

4. Why did we have to reclassify the raster before we converted it to a shapefile? Because, 

when you did the Raster to Polygon, only two polygons were created, one with a value of 

1 for water and one with a value of 2 for land. If you had used the original raster, the tool 

would have created polygons for each unique value in the raster. That would have been a 

useless mess!  

g. Defining the shoreline boundary 
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1. Select by Attributes to select all the 1s (the water which is, “GRIDCODE” = 1). 

2. Rt-click on the polygon layer in the TOC, and scroll to Selection > Create layer from 

selected features. This creates a new layer in the TOC called name of original layer 

selection. To make this layer permanent, Export the data (be sure to select Save as type 

shapefile), add it to your ArcMap, and rename it with the shoreline level. Delete the 

temporary file. This layer contains the water and the current shoreline. Clear Selected 

Features, and turn off all of your other layers so that you can see what you have. 

3. You can change the fill color to No Color and the Outline color to something bright if 

you want to show just the shoreline. And you can make the ocean partially transparent to 

show the hillshade underneath, if you want. 

 

 

You’ve been saving, haven’t you?? 
 

 

3. Repeat the steps in Part IIA to create shorelines at your heights of 
interest above Mean High Water Level. You can do this easily by going to 

geoprocessing -> results -> current session and double clicking on the operation you just ran. 

Change the output file and whatever other parameters you need to change. Then click ok again. 

Your result should look something like the image below, with several different shorelines. The 

polygonal outlines are, of course, the census blocks. 

 

 
 

B. Determining how many people will be affected by sea level rise 
All the components are in place to use the power of GIS to calculate the impact that changes in sea level 

may have. This includes a layer that contains the outlines of census blocks and the associated data on the 

number of people who live in each of these blocks (along with lots of other information) and layers that 

show the position of the shoreline at a number of higher water levels. 
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1. You will use Select by Location to select areas from the census data that have the center of their 

polygons within the defined shoreline polygons. This is admittedly not perfect, because some 

portions of blocks may lie within the shoreline polygon, but not have their centers in the polygon. 

2. Go to Main menu > Selection > Select by Location.  

3. You want to Select Features From your census shapefile. 

4. You want to find the features that Have Their Centroid In your new shoreline layer that 

indicates where water will be if sea level rises. So, choose one of your higher shoreline selection 

shapefiles. 

5. We won’t choose a buffer for this selection, which would allow us to include locations that are 

within a specified distance of the given values. 

6. Click OK and all areas within the population layer that meet the criteria (i.e., census blocks with 

centers that will be under water at that sea level) will be selected. Be patient – this may take 

awhile. 

7. Rt-click on the census layer in the TOC, and open the attribute table. You may or may not see 

selected items in the attribute table depending on where they fall in the listings. You can click on 

the Show button to change it from “All” to “Selected” to see a listing of just the selected records. 

The “Records” field shows the number of selected records out of the total. 

 

 
 

8. Scroll the Attribute table over until you can see the POP10 

column (it says POP2000 in the picture). This column 

contains the total population in each census block. Right 

click on the POP10 header and choose Statistics. 

 

 
 

9. The statistics window opens. The Sum value is the total of the selected records in the POP2000 

column, i.e.,  the number of people that are affected by a rise of (in the case illustrated in the 

picture) 10 meters. 
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10. If you clear the selection and get statistics for the entire Total column for the example above, it 

comes out to 624,977 people in the example above. The number associated with a 10 m rise in the 

example above is 66,779 or approx 10.58 % of the population in the 5 counties. 

11. Now, go back and give some thought to what it meant that you selected “have their centroid in” 

in the Select by Location dialog box. If you bring that box up again, you’ll see a number of other 

choices. 

 

 
 

a. What does it mean that you selected those with their centroids in the water polygon? 

 

 

 

 

 

b. With that selection strategy, how accurate is your estimate of population affected by sea 

level rise of that magnitude? 

 

 

 

 

 

 

c. Look at the list of selection strategies. Was your strategy the best one? Why? If not, 

which would be better to choose? Why? You can experiment with them, if it’s not clear 

which would be best. 

 

 

 

 

 

 

 

 

d. What would it mean to add a buffer? Would it make sense to add a buffer in your 

selection strategy? 
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12. What kinds of figures could you create from your various ArcMap layers that would make good 

illustrations for a report to your city council on the impact of sea level rise? 

 

 

Now that you have created one new shoreline, download and open exercise_3.pdf and follow those 

directions to do a bit of python analysis on shoreline selection techniques. You also will need 

exercise_3.py and selection_script.py.  

 

The large amount of data in the census tables would even allow you to calculate how many people of 

different races or age groups would be affected, if the impact would be greater on renters or owners, on 

males or females, or any other data set that is listed in the columns in the census attribute table. A map of 

this kind with the associated numeric data presented at a City Council meeting will carry far more weight 

than a stack of Excel spread sheets showing the same information! 

  

A caveat however: Although you can and should produce maps like this, presenting them in 

forums such as City Council meetings is risky unless you have sets of letters after your name, such as 

GISP (GIS Professional), PE (professional engineer), PG (professional geologist), RG (registered 

geologist) CEG (certified engineering geologist) LG (licensed geologist), LEG (licensed engineering 

geologist) or are a licensed Surveyor. These are indicators that the person has been certified by a 

professional standards group, typically by passing a comprehensive set of tests and working for a number 

of years in the profession. Although anyone can buy GIS software and produce maps such as these, 

certified professionals know the standards that must be met both in terms of data accuracy and map 

accuracy. Your map and their maps may look identical, but their maps will carry more weight because of 

their certifications. If your map and their maps differ, theirs will be considered to be the accurate ones.  

 

They also carry lots of insurance, so when the person who is trying to sell a multi million dollar 

beachfront home that your map shows will be underwater if sea level goes up 50 cm sues, they have the 

means and lawyers to protect themselves. 
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C. How are things different in Asia? Looking at the Tohoku 
and Sumatra tsunamis and/or Asian islands affected by 

sea-level rise 

For this section of the lab, you need to do more data prep. Complete lab 4e and then come 

back here. You need to be done with this data download before class on Monday 22 February. 

For this section of the lab you need: 

 ETOPO dataset 

 Sea level and tsunami rise estimates 

 Your population density grid 

 

1. Now that you have downloaded your population dataset, you need to make an 

mxd that has your Asia population dataset and your ETOPO dataset overlaid.  

2. Now that you have that mxd file, I want you to start with choosing a location in 

Asia and a sea level rise or tsunami estimate. So you could choose the 

Philippines and look at sea level rise, the east coast of Japan for the Tohoku 

tsunami, or Phuket for the Sumatra earthquake, for example. Anywhere is fine 

with me.  

 

Write your location and event (including inundation depth) here: 

 

 

3. Find a UTM projection that makes sense for your location in Asia and use the 

correct projection tools so that all your files and data frame are projected 

properly and consistently. Make sure to make note of the linear unit of your 

chosen UTM projection. 

4. Once you have narrowed down your location and projected your data, draw out 

a workflow for how you will determine how many people get inundated by this 

event. You can work with a partner on this.  
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5. Now that you have a plan, you need to execute it. Your basic steps are going to 

be: 

 

i. Create a polygon of the inundated land area 

ii. Use zonal statistics to determine the total number of people inundated by 

the event. I’ll walk you through the steps.  

 

6. You actually don’t need my help to do the first step listed above. Go back and 

look through your notes and the previous page to do that (make sure the units 

you use in your reclassification are consistent with your ETOPO1 raster!). 

 

After you have created the polygon of your inundated land area: 

i. If you are NOT working with an island (like Japan where you would be 

interested in the inundation only on the east coast), skip to step 6.   

ii. If you have an inundation polygon that shows inundation on more coasts 

than are important to your analysis, you need to trim it to only the 

portion that you care about.  

iii. Instead of clipping by a shapefile that already exists, you need to draw 

your own that makes sense for your analysis. In ArcCatalog, right-click 

on some blank space in your lab 4 folder and select “New” > “Shapefile…” 

Name your shapefile and select “polygon” as the feature type. Add your 

new shapefile to ArcMap. Nothing should show up because you haven’t 

actually drawn it yet.  

iv. Click on “Customize” in the main menu then “Toolbars” and add the 

Editor toolbar. 

v.  Click “Editor” and “Start Editing.” A pop-up window may appear in 

where you can select your new shapefile as the feature you would like to 

edit. 

vi. A new “Create Features” window should open listing the editable 

features. Select your polygon layer. If this window does not pop up, click 

on “Editor” > “Editing Windows” > “Create Features.” 

vii. Use the polygon construction tool from the list at the bottom of the 

Create Features window. Click once on your map to create a new vertex 

and make a shape that covers your area of interest and cuts off the coast 

that is unnecessary. To finish creating the feature, double click. A blue 

outline around your feature should appear. 

viii. When you are satisfied with the shape, click Editor > Save Edits > then 

Stop Editing. 

ix. You can now use this shape with the Clip tool to clip your inundated 

land area to only the coast of interest. 

 

 

7. Now that you have a polygon of your inundated land area, you are going to 

determine how many people are affected, using your population density map.  
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8. We don’t have census blocks with population information like we had earlier in 

the lab. Instead, we are going to use our population density grid to figure out 

how many people will be affected by certain inundation levels. 

 

9. You should clip your population density file to your focus area. Earlier in this 

lab, you used the clip tool. This involved the file you wanted to trim and a file 

that determined a set of boundaries. If you don’t already have a shapefile of your 

country or area of interest from creating your inundated land area, download a 

world countries file from ArcGIS Online or copy the file from a previous lab. 

Next, export a shapefile that only contains your country or areas of interest. 

10. Now try using the Clip tool on your population density raster using the country 

shapefile as the clip boundary. 

11. It turns out that the Clip tool only works for vector files! Search another tool 

called “Extract by Mask.” 

12. Run this tool using your country shapefile and the population density raster. 

You should now have a raster that only shows the population density within 

your country of interest. 

 

13. Using your browser of choice, navigate to ESRIs page on “How Zonal Statistics 

Works.”  

14. When you have a better understanding of the tool, open “Zonal Statistics As 

Table” and run the tool on your inundated land vector and your clipped 

population density raster.  

15. You should now have a table that gives you statistics about the population 

situated within the inundated land vector. Remember, this is population density, 

not total population. 

  

 

 

  


