Great Circle Distance Calculations

Using NAACCR Version 10 or Version 11 Confidential Layout
The NAACCR GIS Ad Hoc Committee has developed a SAS program (GreatCircleDistances4.sas) for calculating great circle distances between the locations of cases at the time of diagnosis and the locations of treatment facilities.   
The great circle distance is the shortest distance between any two points on the surface of the Earth measured along a path on the surface of the Earth.  The shape of the Earth closely resembles a flattened spheroid with extreme values for the radius of curvature of 6336 km at the equator and 6399 km at the poles. Using a sphere with a radius of 6367 km results in an error of up to about 0.5%.  The distances calculated in the SAS program are estimates that assume the Earth is a sphere and ignore the effect of differences in elevation.  Actual travel distances on the surface depend on terrain, relief (including elevation differences), road networks, and route selection.  The great circle distances calculated in the SAS program are in units of statute miles.  The distances are “as the crow flies” if a crow could fly at sea level.

Case locations are taken from NAACCR items 2352 (latitude) and 2354 (longitude).  The locations of facilities (latitude and longitude in decimal degrees) need to be converted into a SAS dataset prior to running the SAS program.  This assumes that the user has access to ESRI ARCGIS 9 data - on either the Data and Maps DVD or United States CD 2.  Instructions for converting from the ESRI CD data to a .dbf file with latitude and longitude for each hospital are in Hospital01.pdf.  After the .dbf is created, the user must convert this to a SAS dataset using SAS/Access, DBMSCopy, or some other data conversion tool.  The SAS dataset  should be named US_Hospitals.sas7bdat, the field for the latitude variable (Ycoord in the Hospital01.pdf instructions) should be named “lat” and formatted double precision 11.6, and the field name for the longitude variable (Xcoord in the Hospital01.pdf instructions) should be named “long” and formatted double precision 11.6. 
The SAS program produces a merged dataset of cases and facilities with great circle distances calculated between the cases and facilities.   The program can use either source (unconsolidated) or consolidated case records as input.  It creates a temporary SAS dataset with up to 5 distance measures per case, one each for up to 5 source records associated with every case.  These results potentially could be used to identify an individual and should be treated as confidential.  This temporary dataset can be written as a permanent SAS dataset and converted (using SAS/Access or otherwise) to a format usable in a GIS. 

 The program is separated into six steps.

Step 1.
Prior to using the SAS program, the user creates a file of the cases to be analyzed and exports these in a NAACCR Version 10 or 11 Confidential Layout.  The user needs to change the path and filename of the case file in the SAS program to be those of the exported file.  If the user wishes to have any treatment, staging, or other variables in the merged dataset that includes distance calculations, these lines of the SAS input code need to be removed from the comment area and placed in the “working” area.  These variables will appear in the temporary SAS dataset “greatcircle” but not in “reclevel.”
Step 2.
The user reads in the SAS dataset of facility locations.  This assumes that the user has access to ESRI ARCGIS 9 data - on either the Data and Maps DVD or United States CD 2, and followed the instructions to convert from the ARCGIS layer to a .dbf  then to .sas7bdat format. 
Step 3.
The case and facility location data are merged in a temporary SAS dataset.  This step requires no user intervention.

Step 4.
Great circle distances between case and facility points are calculated using the law of cosines for spherical trigonometry.  This step requires no user intervention.

Step 5.
The mean, minimum, and maximum distances between each facility and the cases that merged with the facility are printed.  Users should review these results prior to using the merged distance data in further analyses.

Step 6.
The program creates a temporary SAS dataset with up to 5 distance measures per case, one each for up to 5 source records associated with every case.  This temporary dataset can be written as a permanent SAS dataset and converted (using SAS/Access or otherwise) to a format usable in a GIS.  The program also creates a fixed-width ASCII file with NAACCR variables 20, 380, and a 30-column text field that stores the 5 distance measures per case (one each for up to 5 source records associated with every case).  The name and location of the ASCII file are specified by the user near the top of the SAS program.  Either the SAS dataset or the ASCII file may be used to merge the great circle distance calculations back into your registry software.  Note that the ASCII file distance field contains implied decimals to save space. 
There are several issues with the results of the great circle distance calculations that impact how the results should be used and interpreted:

1. Great circle distance is not driving distance.

2. Different registries may have different rules for how source records are consolidated.

3. Having multiple (or perhaps a single) distance measure may make an individual case identifiable.

4. A case may move during the treatment process, and this is not reflected in the various distance measures calculated among the source records.

5. The ESRI hospital layer is from the American Hospital Association, is several years out of date, and may not reflect the location of a facility at the time the case was diagnosed and/or treated.
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