Locating a facility
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Possible sites for a new school

Introduction

The problem

The 60-page ESRI Spatial Analyst Tutorial (2004) takes you through an elaborate modeling exercise whose goal is selecting a site for a school. This lab is an abbreviation of that exercise in which you use a vector and two raster datasets to select the site. If you are interested in ESRI Spatial Analysis, Toolbox, and modeling environment, I recommend that you do the full exercise. But this shortened version will help you understand the basic approach.

The town of Stowe Vermont needs a new school to serve recent immigrants who have aggregated around recreation attractions. Town planners are looking for land that 1) is near the recreation sites, 2) is flat enough to build on and 3) can be converted from agricultural land use. You could easily think of how the model could be applied to locating a hospital, clinic, or doctor’s office.

Spatial Analyst is abbreviated SA and Table of Contents is ToC. You should know where template data are and how to get SA running with a toolbar.

Data preparation

As usual, we begin by creating a folder for the project, I suggest c:\project\facility. Then copy the folder c:\arcgis\arctutor\spatial to your new folder and rename it data to remind you that it contains your data.

You can use ArcCatalog to inspect the data if you wish.

Exploring the elevation raster

Add elevation raster

This modeling exercise uses fields: rasters that have a value everywhere in the study area. In particular, rasters support powerful geographic exploration based on two key questions which we explore here.

Run ArcGIS, connect to your facilities\data folder and add the elevation raster.

Add the TemplateData\USA\states data to get an idea of where you are. You’ll have to zoom out to about 1:2 million to see the state. This should give you an idea of the size of the study area.

Now zoom well into the raster (say to 1:1000) to see it become individual pixels, much like any image. If you move your pointer from cell to cell and study the (EAST, NORTH) location data in the bottom status bar, you can see how big these pixels are.

EXTRA: use Properties to find out more information about the raster’s scale.

Zoom back to the raster (ToC > elevation > Zoom to Layer) and take a few minutes to study it. 

This data structure is an example of a field with values everywhere in the study area. Use the “identify” button (black circle with a white i) > Identify from: elevation to explore Pixel values. Note the relative values of the light v. dark areas of the raster. This is an example of the question “What’s at x?” You can close the Identify window.

Examine the histogram by right-clicking the layer in the ToC > Properties > Symbology > Histograms. Make a note of the minimum _____ and maximum _____. These are in feet. Close this window.

EXTRA: Study the histogram further. Could you estimate the mode from this histogram? What kind of distribution (normal, skewed, etc.) is this? What would you expect in Kansas?

Right click again on elevation > Open Attribute Table > Options (lower right) > Select by Attributes and in the SELECT window type "VALUE" <= 1000 then Apply and Close. You can see all the relatively low elevations. This may look like a lake for the very reason that a dam built 1000 feet above sea level in this valley would create such a lake. This is an example of the other question: “Where is z?” On the Options menu Clear Selection and close the Attribute Table.

One way to visualize topography is with an atlas-type palette. Right-click elevation > Properties > Symbology then right-click Color Ramp, uncheck Graphic View, and scroll down to Elevation #2, then click Apply then Close. This palette “maps” elevations to colors that probably gives a close idea of what Stowe looks like in the Spring, with green lowlands and peaks still covered with snow!

Set the analysis scale

All of this raster (field) analysis needs to be done over the same extent and resolution, which we set to that of the elevation layer.

Make sure you have the SA menu (see my helpful hints page or p. 7 of the tutorial).

First set SA options: SA > Options > Extent > Analysis Extent: “Same as layer elevation” and Cell size:  “Same as layer elevation”

EXTRA: Note the actual extent of the elevation data, as well as its cell size (in meters). Dividing the latter into the former gives you the rows and columns in the data.

Compute slope

The facility needs to be on relatively flat ground, so we compute the slope at each pixel. 

SA > Surface Analysis > Slope > Input: elevation and Z: 0.3048.

The map is in meters but the elevations are in feet, hence the Z-factor (how many meters in a foot?).

You might want to clean up the slope legend, then study its range. Where are the slopes steepest?

Computing distances from sites

Add the vector data

Add roads and rec_sites. Note that the roads generally are in the low areas, as you might expect. 

Note also that these roads obviously don’t ‘float’ in space but are connected to the rest of the world by a system that’s not represented here.

Left-click on the rec_sites and give them a more prominent symbol.

EXTRA Consider how a sophisticated locational model might look at areas near roads or—even more technical—distances along the road network.

EXTRA: add ancillary data

From the template USA data add counties, select the 3 counties surrounding the study area. This will give the data context, showing that the study area is just part of a larger region, county, state, continent, etc, and any facility would compete with services and serve people in the larger world.

Set options

You may have to reset the “analysis scale” (see above step); in any case make sure your rasters match the specifications of the elevation data.

Compute distance to the sites

We’ll next compute the distance of any cell to the recreation sites.

Select SA > Distance > Straight line > Distance to: rec_sites
Note that this is a continuous surface that reflects distance to the nearest recreation site. It has been mapped with a ‘classified’ palette, but you can look at it as a stretched histogram to see its continuity.

Land use and the final calculation

Add the land use

Add landuse raster.

Right-click > Open Attribute table and study how the cells have been summarized. Each cell has a VALUE associated with a text LANDUSE class and the values are counted. We’re going to be interested in Agriculture land, so make a note of its VALUE _____.

EXTRA: If you were making a finished presentation (say for the Town Meeting) you’d probably map the land use classes with appropriate colors, as is done on p. 9 of the Tutorial, and you might even generate a hillshade, as on p. 8.

Find the cells satisfying the criteria

We need to select those cells that satisfy the criteria listed in the introduction. 

Select SA > Raster calculator and in the expression window type (or copy) the text

[landuse] == 5 & [Slope of elevation] <= 10 & [Distance to rec_sites] < 2000
You should get a new Calculation layer with a binary value. Focus on the possible cells by going to the layer’s Properties > Symbology then double-click on the Symbol for 0 (cells that don’t satisfy the criteria) by left-clicking on the symbol for 0 and selecting No Color, and also select some appropriate color for the cells of value 1. You can also give them labels, such as ‘not satisfactory’ and ‘possible,’ but these words are subject to debate!

Rearrange and turn on or off the various layers to make a map that shows where you may start looking for your new school. Note how it makes distinct circles around the outlying recreation sites, but does give you a more complicated pattern near the center of the town.

Conclusion

This exercise has used just a few datasets and a few Spatial Analysis tools to generate a simplistic model of where a planner might start looking for sites to locate a facility.

I suggest you think and read about not only the theory of such modeling but also dangerous shortcomings of such a mechanical approach. Nevertheless, such a system could be the basis for discussion among “stakeholders” as to what data are needed, what is valued, what a future landscape might look like, etc.

Finally, if you really want to delve into this modeling approach, do the Tutorial!
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