LaB 5| Raster Analysis
Introduction
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This lab introduces the raster data model and spatial analysis techniques using the ArcGIS Spatial Analyst extension in ArcMap.
Raster analysis is commonly applied when working with continuous data, e.g. elevation, slope, for areas of interest. We often have to create a raster surface from vector point data before we perform our analysis, by processes known as a surface calculation.  For this lab, you will mosaic together different raster datasets, use a variety of spatial analyst tools to conduct a site suitability analysis, and create density surface from point data.  These examples introduce a range of tools that are useful when working with raster data.

Instructions

Based on the assigned readings for this week, answer questions in Part I of this lab.  Then proceed to the next Parts and complete the hands-on exercises.  Before working with the lab data, copy it from the course website onto your flash drive.

Deliverables

Answer the questions marked in bold and produce the required outputs.  Your lab document should be typed, well organized, and submitted according to the course “How To” guidelines.
PART I:  Assigned Readings 

Textbook – Bolstad, Chapter 2 (pgs.  44-52)

1. How is the raster data model different from the vector data model?

2. Does the value assigned to a raster cell represent all values across the ground covered by the cell area?  Why or why not?

3. In a raster attribute table, why is a one-to-one correspondence between cells and attributes rarely used?

Textbook – Bolstad, Chapter 9 (sections on Raster Buffers & Raster Overlay)
4. What two functions are combined to create a raster buffer?

5. In raster overlay, if a cell value in Layer A is “C” and the same cell value in Layer B is “5”, what will the cell value be in the output layer?
Textbook – Bolstad, Chapter 10

6. What is Map Algebra? 
7. What is one example of an operation you can perform using Map Algebra?
8. What is the difference between a zero (0 or 0.0) and a “null” value?
9. What is the difference between the “AND” and “OR” logical operations?
10. Why are continuous data often converted to categories before being used in raster overlay?
11. How does a “binary mask” work?
ESRI ArcGIS 10 Online Help Files
12. What is a “band” in raster data, and how does it work?

13. For raster data, what is a “zone” vs. a “region”?

14. Where do you find out basic information about a raster dataset?

15. Why would you create a “pyramid” layer for your raster data set?

16. For each of the following resampling types, how many input cells are used to determine the output raster cell value: nearest neighbor, bilinear interpolation, cubic convolution?
PART II: Updating DEM Data

Problem Statement (Adapted from Bolstad, 2012)

DEM datasets are often available in differing resolutions (cell sizes) and for different parts of our study area, than we might prefer.  For example, DEM’s at approximately 10m resolution have been developed for nearly all the lower 48 US states.  Higher resolution DEM’s (typically 1 to 3m) are currently under production for many, but not all, portions of the US.  We may find that part of our study area in each of these zones. 
We can use raster functions to improve our DEM data.  For this exercise, you will mosaic DEM data having two different resolutions using various tools provided by the ArcGIS Spatial Analyst extension.  First, you will combine two DEMs: valley3 (at a 3-meter resolution) and valley9 (at a 9-meter resolution).  We want to use the higher resolution data where we have it, but use the lower resolution data for the rest of the study area.

Preparing for analysis
Step 1. Set Geoprocessing Environments

· Set a current workspace

· Set the output coordinate system

Step 2. Sketch your Workflow

· Read trough the Update DEM Data project and create a sketch workflow

Analysis
· Start ArcMap and add both the valley3 and valley9 data sets to the map view.  Your view should be similar to that shown below.
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First, you will derive a hillshade for each dataset using the Spatial Analyst Hillshade tool.  Before using the tool, make sure that the Spatial Analyst extension has been activated.

Activating the Spatial Analyst extension 

Until program defaults are changed so that this step is unnecessary, you will have to activate the Spatial Analyst extension in order to access the Spatial Analyst tools.  Go to Customize > Extensions and check the Spatial Analyst box.  Then add the toolbar to the main map view (Customize > Toolbars > Spatial Analyst).

· Open the ArcToolbox window and go to the Spatial Analyst toolbox.  Select Surface > Hillshade.  
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· Select valley3 for the Input raster, name the Output raster vall3hillshd, and click OK to run the tool.  Repeat these steps for the valley9 dataset and create the Output raster vall9hillshd.

· Inspect your two resulting hillshades carefully (see example below).  The figure on the left shows the valley3 hillshade, and the valley9 hillshade is on the right.  Note the enhanced detail with the 3-meter DEM, such as the greater definition of the small streams and their streambanks.
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valley3 hillshade
valley9 hillshade
You will combine these two DEM datasets in such a way that the detailed valley3 data is used where available, and the coarser valley9 data is used everywhere else.  To avoid confusing results, you will need to combine raster datasets that have the same resolution.  Therefore, your first step will be to convert the 9-meter data into a 3-meter cell size.  (Note that this does not make the 9-meter data more accurate - instead, you will be just making a copy with a smaller cell size.)
To convert the dataset cell size, you will use the raster processing Resample tool.  

· Open ArcToolbox and go to the “Data Management Tools” toolbox.  Select Raster > Raster Processing > Resample.
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· In the Resample window, select valley9 as the Input raster, name the Output Raster valley9to3, and specify an Output Cell Size of “3”, and a Resampling Technique of “BILINEAR”.  Click OK to run the tool.
1. What is bilinear resampling?

· After the resampling is complete, examine the valley9to3 dataset and verify that it has a 3-meter resolution (Layer Properties > Source tab).
Now let’s combine the two datasets using the Spatial Analyst Raster Calculator tool.   Although there are many ways to do this, perhaps one of the simplest is with the clever use of two raster functions – IsNull and Con.  The IsNull function returns “True” whenever a cell comparison or value is Null.  The Con function takes three values, the first is a true/false test (IsNull(“valley3”)), and second is the value to assign to a grid if the test is true (“valley9to3”), and the second is the value to assign if the test is false(“valley3”).
· In ArcToolbox, go to the Spatial Analyst toolbox.  Select Map Algebra > Raster Calculator.
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· Type the following function into the center window.  (Note that it is better to use the calculator buttons than to type the equation using the keyboard – generally, you’ll see fewer syntax errors.)
Con(IsNull(“valley3”), ”valley9to3”, “valley3”)

What does this formula mean?  

This formula checks to see whether or not a cell is within the extent of the valley3 dataset (using the IsNull function).  If it is outside of the extent, it is assigned a value (using the Con function) from the valley9to3 dataset; otherwise it is assigned a value from the valley3 dataset.  The result will be a single output dataset containing the highest possible resolution value for each cell.
· Name the Output raster combineDEM, and click OK to run the tool.
· Examine the combineDEM raster dataset.  Use the Hillshade tool to create a hillshade for it, and verify that it contains higher detail for the cells covered by the valley3 dataset.

· Create a map at a 1:20,000 map scale that includes the combineDEM hillshade showing an area of overlap between the valley3 and valley9to3 dataset extents.  Include the necessary map elements.
2. Insert your map to your lab document as a jpg.
3. Create a workflow diagram for your Updating DEM Data project and insert into your lab document.
4. Are there any of the Raster Geoprocessing Environments that you could have set to make this project more seamless?
PART III: New School Site Suitability
Problem Statement
The town of Stowe, Vermont, USA, has experienced a substantial increase in population. Demographic data suggests this increase has occurred because of families with children moving to the region, taking advantage of the many recreational facilities located nearby. It has been decided that a new school must be built to take the strain off the existing schools, and as a town planner, you have been assigned the task of finding the potential site.
This tutorial will show you how to use many of the available tools and will give you a solid basis from which you can start to think about how to solve your own specific spatial problems.
You will find the following datasets for this project in the Lab5Data folder.

	Dataset 
	Description

	Elevation
	Raster dataset representing the elevation of the area

	Landuse
	Raster dataset representing the land-use types over the area

	Roads
	Feature class representing the linear road network for the town of Stowe

	Rec_sites
	Feature class representing point locations of recreation sites

	Schools
	Feature class representing point locations of existing schools

	Destination
	Feature class representing the destination point used when finding the best route for a new road


This tutorial is divided into exercises and is designed to allow you to explore Spatial Analyst functionality in ArcGIS at your own pace.

· In Exercise 1, you'll prepare for analysis. You'll copy the tutorial data locally and create a geodatabase to hold your results.

· In Exercise 2, you'll learn the location of the Spatial Analyst tools, create a hillshade output, and explore your data.

· In Exercise 3, you'll create a suitability map to help you find the best location for a new school. You'll derive datasets of distance and slope, reclassify datasets to a common scale, then weight those that are more important to consider and combine them to find the most suitable locations. You'll then locate the optimal site using the selection tools within ArcMap.

· In Exercise 4, you'll find the least costly route for an alternate access road to the new school site.

Follow the links below, completing each exercise and answering the lab questions as appropriate. 

Exercise 1: Preparing for analysis
5. Include a screenshot of ArcCatalog after you completed the steps to ‘prepare for analysis’.


Exercise 2: Accessing the extension and exploring the data
6. After you create your hillshade, use the Identify tool to examine one or more of the resulting raster cells.  Explain what the numeric value attached to each cell represents.

Exercise 3: Finding a site for a new school
7. Before you start reclassifying your datasets, create a map with 3 data frames – Slope, Distance from Rec Sites, Distance from Schools – add necessary map elements, export and add to your lab doc.

8. After you reclassify your datasets, re-create the map from the previous step, export, and add to your lab doc.
9. Explain what you are doing when you ‘reclassify’ your raster layers. 

10. Create a map of your weighted overlay results, add necessary map elements, export and add to your lab doc.

11. At the end of the exercise (and running all the tools), create a map of your results, add necessary map elements, export and add to your lab.

12. Take a screenshot of your model (after running it) and include it in your lab doc.

Exercise 4: Finding an alternate access route
13. Explain the concept of “weighting” a dataset.  Why does altering the original dataset in this way potentially help in the analysis process?
14. Take a screenshot of your Cost Surface Analysis model (after running it) and include it in your lab doc.
15. Export your final map (including all relevant map elements) in JPEG format (200 dpi) and insert into your lab document.  

PART IV: Spatial Interpolation
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Problem Statement

The Broad Street cholera outbreak was a severe outbreak of cholera that occurred near Broad Street in the Soho district of London, England in 1854. This outbreak is best known for the physician John Snow’s study of it and his discovery that contaminated water, not air, spread cholera.  This discovery came to influence public health and the construction of improved sanitation facilities beginning in the 19th century.  Later, the term “focus of infection” would be used to describe places like the Broad Street pump in which conditions are good for transmission of an infection (from wikipedia.com). 
While Snow’s famous dot map performed adequately for his purposes at the time, modern GIS Analysts have many more spatial analysis tools at their disposal.  Two such tools are the point Density tool and the Kernal Density tool, both part of the Spatial Analyst extension of ArcGIS. 

Your job is to re-analyze the SoHo cholera outbreaks data, using modern GIS methods, in order to establish the veracity of Snow’s results. 
Preparing for analysis

Make sure you have enable the Spatial Analyst extension in ArcMap.  Check your coordinate systems & Geoprocessing environments.
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· Open the Snow_CholeraLab.mxd.  
· The first thing you should see is the raster map of the SoHo area of London where the outbreak took place.  You can add an ESRI basemap to the map window to give the location geographic context.


· Now turn on the “Old_cemetery” feature class layer.  In many peoples’ minds, this was the logical origination point of the cholera outbreak, as many of the dead interned there were victims of the disease
Going forward, it is important to remember that we are NOT trying to determine the original source of a cholera outbreak in the SoHo neighborhood – that would entail a much more detailed collection of datasets, as well as requiring the assistance of an epidemiologist.  What we are investigating is the spatial centrality using a limited set of data. 


· Now we will look at the dataset showing deaths in the area.  Turn on the “Death_Addresses” feature class layer.
12. Just by looking at the screen, do you feel that the cemetery is a possible origin for the outbreak?  Explain why or why not.
13. Does each of the “Death_Addresses” points refer to one death?  If not, what is the range of values in the dataset?
· Symbolize the “Death_Addresses” layer by number of cases.


14. Explain your symbology and classification settings.  Has your estimation of the possible origin point(s) changed based on your classification of the data?
Snow’s suspicion was that infection of the water supply was a more likely than ‘bad air’ from the cemetery even through ‘germ-theory’ was not yet an established scientific paradigm.  

· Turn on the “Water_pumps” layer and choose an appropriate symbol.

15. Based on the location of the pumps relative to deaths, list the four (4) well location most likely (by address) to be considered as contamination sources.  Explain your reasoning for each.

Now, we will look at the data using tools that Dr. Snow did not have access to: Point & Kernel density.
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· Use the Search window to find the “Point density” tool.
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· Input your “Death_Addresses” layer for the Input, set Population field to “None”, and set the Radius to “30”.  Everything else should be set to default settings.  

· Click ok and inspect the resulting raster density surface.

· Now, activate the Point Density tool a second time using all the same settings except for the Population field, which you should set to “Num_Cases”.

16. Describe the difference between the two rasters.  Which one is more accurate, and how would you account for this difference? 
Next, we will use the Kernel Density tool to create a ‘smoothed’ raster surface based on point intensity.
· Using the Search window again, this time select the “Kernel Density” tool.
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· Input your “Death_Addresses” layer for the Input, set Population field to “Num_Cases”, and set the Radius to “30”.  Everything else should be set to default settings.  

· Under the “Symbology” tab, symbolize and classify the resulting raster using a red-to-blue color spread (red is high, blue is low) with 6 classes, setting the lowest class to “no color”.  In the “Display” tab, choose “Bilinear Interpolation” under the “Resample during display using:” dropdown menu.


· Your resulting raster should look similar to this: 
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17. This result is sometimes called a “Hot-spot or “Heat” map.  Is this label accurate for this type of analysis?  Why or why not?
18. Make a map layout comparing the various Density results you achieved using all the provided datasets.  Add any necessary map elements & apply cartographic concepts. Export the map as a JPEG (200 dpi) and insert it into your lab document.
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