Dealing with Projections (and datum issues)

As data users, journalists are constantly putting together information from different sources. The same is true with maps. But because there are so many different ways to map the world, you need understand two concepts: datum and projections.

Datum

To determine where latitudes and longitudes really are, geographers went out and mapped our country. They did not measure every latitude and longitude. They measured a lot, and extrapolated a lot more. They used the ellipsoid calculations as their reference guides for figuring datum. 

The first result was North American Datum 1927 (NAD 1927). You still will get maps, particularly census data that still is in this datum. Later, a new datum was developed – NAD 1983. The two differ by a few hundred meters.  So if you overlay two maps and they appear to be off slightly, it likely is a difference in datum. There’s a third datum used by GPS units today called WGS 84, but for purposes of what we do, it’s close enough to NAD 1983.

Projections

The world is not flat. Yes, you may already know that, but it’s an important thing to remember when using GIS programs.  Depending on what maps are used for the round globe is put into two dimensions in different ways.  Some maps, especially those used for navigation were developed to maintain the integrity of direction, so that one could sail around the world. Those maps may not be that accurate when it comes to area.  Maps that must have accurate area measures, such as land use maps, may not be as good for navigation.  There also are maps that are better for local use, but not so good on a national scale.

Here are two maps of the United States, projected differently.
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Why are projections important? First, your graphics department likely has a particular projection that they use when they display maps. It will help them, if you use the same projection.  Second, if you work with multiple maps and want to do any analysis between them, you’ll need them to line up.

Projecting “on the fly”

In older version of Arcview, you’d know you had a projection issue if you added two maps to your view and one was where you’d think it would and another was in Australia.

When they came out with ArcView 8.x, they added a feature called “projecting on the fly,” which means that ever map that you add to will automatically appear projected like the other maps in your map document.  A couple of notes of caution. Projecting on the fly doesn’t always work. Second, if you’re doing any geoprocessing functions with multiple layers or doing spatial analysis, your maps need to be in the same projection.

How do you know what the projection and datum are?

When you get a map from an agency, ask them what the projection and datum are. Also, ask for the “meta data” that’s the data about the data – that will contain information such as the datum and projection. It also will contain information such as when it was created.

If, when you get a shape file from an agency, you get a file with a *.prj extension, that means it is projected.

You also can go to the properties window for a layer and go to the SOURCE tab to get the projection information:
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If a file is in GCS or Geographic that means that it is not projected.  If you want to use it with projected layers, you’ll need to project it. (We’ll get to that in a minute.)

When you set up a new map document, you can define the projection of your data frame by going to VIEW | DATA FRAME PROPERTIES and clicking on the COORDINATE SYSTEM tab.
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Every map you pull in should be projected on the fly to fit the look of the data frame.  You may get the following warning telling you that the datum of the map you’re bringing in differs from your data frame.
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If you try to bring an unprojected map into your data frame, you might also get this error:
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Depending on what you’re doing with the map, you may need to do some work on the maps before you use them.

Another clue that your map is missing its projection is that the coordinate system will say “undefined” when you go to the layer properties and click on the SOURCE tab.

ArcView’s Projection Tool

It’s a good habit to keep all your maps in a consistent projection, so when you go to use them, you can work with multiple layers.  What you use may depend a lot of what the local GIS folks use.  In the Dallas area, for example, most GIS folks use State Plane, North Central Texas NAD 1983.  

Avoid running with scissors. Before you project your map, you must know what that current projection of your map is or it must be geographic (not projected).  The biggest mistake most folks make is projecting a map when you didn’t know what it was in the first place. That’s a recipe for frustration.  Also, keep in mind that as you project a map and reproject it, the map loses some of its integrity. The best thing to do is to go back to the original and project that map.

To find the projection tool, go to TOOLBOX. Then go to DATA MANAGEMENT TOOLS | PROJECTIONS AND TRANSFORMATIONS | FEATURE | PROJECT.
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IMPORTANT NOTE: You do NOT want DEFINE PROJECTION here. That is a tool that you will seldom use. It should be used only when you have a map that should be projected, you know what the projection should be and it’s missing the *.prj file.

The next box will prompt you for the file you want to project, the name of the new shape file and the OUTPUT COORDINATE SYSTEM. The last option is where you will navigate to choose the projection that you want to use for your new map. (Note: the old file stays the same)
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How do you decide what projection to use? Here are some questions to consider when you’re trying to decide if you need to project and if you do, what to use.

1. Do you need send your graphics department something in a particular projection?

If yes, you may need to only set the projection of your data frame.

2. Are you doing spatial analysis or geoprocessing of files that use different projections?

If yes, you’ll need to know the projection of your files and then project the ones that need to be changed.  If you’re working with a geographic (not projected) and a projected map, just project the geographic map to whatever the projected map is in.

3. What matters most in your analysis? Direction? Distance? Area? You’ll need to choose a projection that is best for those measures.  Look for words like “equidistant” for distance or “equal area” to maintain area integrity.  Some projections, such as state plane or UTM maintain all those qualities. If you’re gonna use UTM projections, you need to know what zone you are in. You can get a map of all UTM zones here: http://www.dmap.co.uk/utmworld.htm

4. You also may use different projections depending on how localized the map is. For example, you may want to use State Plane for local data, but UTM for statewide data.  You would use  a CONTINENTAL projection for the entire country.

Practice Exercise:

Start a new map document and add Dallas County blocks (dallas_county_blks.shp) and Dallas Police Reporting Areas (police_dallas.shp).  Check the properties for each layer to see what projection they are in.

Setup the data frame so that your map will be projected in State plane, Texas North Central (NAD 1983)

Now, let’s say we want to do some analysis between layers, so we need to put both maps in the same projection --  which projection should we use? Project the layer that needs to be projected and add the projected map to your data frame.

Next, let’s look at landslides in Santa Cruz County, California.  Bring up a new map document. Add landslides (landslide_scrz.shp) and roads (tgr06087lkA.shp). Everything should look fine. Next, add tract data (scruz_trt00.shp).  It doesn’t show up! What happened to projecting on the fly?  Right click on the tract layer and bring up the properties. What’s the coordinate system?  Check to see if there is a *.prj file.  This is an example of what happens when  a map is supposed to be projected but it’s missing the projection file.  The only way to fix this is to KNOW WHAT THE PROJECTION should be. In this case, it’s State Plane NAD 1983(Feet) California I.

In the toolbox, go to DATA MANAGEMENT TOOLS | PROJECTIONS AND TRANSFORMATIONS | DEFINE PROJECTION.

Navigate to the scruz_trt00 file and use State Plane NAD 1983(Feet) California I as the projection.  Now, when you add it to the map, it should show up.

What do you do when you absolutely don’t know what the projection should be.  There may be cases where all you can do is trial and error. I don’t recommend it and I wouldn’t use it with anything that requires precision.

For future reference:

Understanding Map Projections by ESRI has some really good explanations of projections. This book came with 8.x

Flattening the Earth: 2000 Years of Map Projections by John P. Snyder

Map projections: A Reference Manual by L M Bugayevskiy
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