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Intro
	This project is a joint venture between the city of Las Cruces and New Mexico State University.  The project was conducted through the Spatial Applications Research Center (SpARC) at New Mexico State University.  ESRI ‘s ArcMAP software was used to perform the analysis and generate the final project products.

Project Description
	The purpose of the project was to determine a spatial distribution of faculty, staff, and students working or attending at New Mexico State University.  This information is important to the city of Las Cruces’ transportation planners in that it will assist them in developing more effective transportation routes (both transit and bicycle routes) with which to service the University.  The information can also be used by the University for various purposes.
Due to the sensitive nature of the address data, steps were taken to aggregate individual point data so that unique address information was masked in the final product.  The final static maps and associated geo-database files show only generalized population densities, and do not permit access to the original data tables or individual addresses.  
The final product delivered to the city of Las Cruces includes several static, population density maps showing generalized regions of density based on individual address information for NMSU faculty/staff and students, as well as a geo-database including all files necessary to perform additional analysis, to alter or change the scale or focus of the maps, or to create new maps from the data.  Specific addresses or point data files were not included in the final geo-database.  

Process
	Address data for faculty, staff, and students attending NMSU were obtained through NMSU's Chief Information Officer, Dr. Shaun Cooper.  Two data sets were made available to the NMSU Spatial Applications Research Center; individual address information for all faculty and staff, and address information for NMSU students.  It was assumed that this was the most current data available.  The tabular data were "cleaned" (i.e. address formats standardized, misspellings or corrected, and nonviable data removed), and re-formatted into tabular data which could be statistically analyzed.  Data that could not be used for geocoding, and as part of the spatial analysis included P.O. Box addresses, incomplete addresses, and addresses outside of the Dona Ana County and El Paso, Texas region.  Data which were used for geocoding included all street addresses within Dona Ana County and all street addresses within El Paso County.
	Prior to geocoding the address data it is necessary to create address locators.  Address locators convert tabular data such as street addresses in a spreadsheet format into spatial point data.  Address locators are built based on specific locator styles, which are dependent on the format of the address data.  Although geocoding can be done using a single locator, the accuracy is improved greatly through the use of a multi-layered composite locator.  The composite locator’s hierarchical structure allows it to search through the primary locator first, and if the address cannot be located, it then begins searching in a secondary, tertiary, quarternary, etc. locator.  For this project, a six level composite locator was constructed based on two Dona Ana County 911 roads data sets, U.S. Census roads data sets for Dona Ana County and El Paso County, a Dona Anna County parcels data set, and an address point data set.  An additional locator based on postal codes was not used because of the limited information it would provide.
	The geocoding process involved matching the source data set address field to each of the individual locators within the composite locator.  The output point shape file was sent to a temporary location so that it would not be included in the final geo-database.  By using a composite locator it was generally possible to locate 95% or more of the cleaned and retained addresses in the source data.  Each of the unmatched addresses could be matched manually or interactively, thereby increasing the accuracy of the geocoding.  Often unmatched addresses resulted from address misspellings, or non-conventional formats.
	Using the resulting address points from the geocoding process a population density surface was constructed using ESRI’s ArcMap Spatial Analyst-Kernel Density function.  This feature calculates a magnitude per unit area from the input points, using a kernel function, to create a smoothly tapered surface to each point.  Although the density surface can be created using default values for cell size, search radius, and unit of area, it was found that setting the defaults to a 100 m cell size, 2500 m search radius, and square miles for the unit of area resulted in the best output.  The best output was deteremined by selecting parameters that produced regions of comparable size to local TAZ’s, since TAZ’s are commonly used zones in transportation planning.  

Issues and problems
	Preparation of individual locators revealed that many of the records in the street shapefiles contained incomplete street data, i.e. missing L/R to and L/R from numbers.  This problem was mitigated for the Dona Ana addresses by using the composite locator.  For El Paso however only one street locator was available.
	During the geocoding process, several issues came to light which most certainly influenced the outcomes.  A significant number of addresses given by faculty/staff and students to NMSU were post office boxes.  Another related issue particularly for the student data was the use of permanent or parental home addresses rather than local addresses.  These too were disregarded if they were outside a Dona Anna County or El Paso, Texas.  This creates a problem in our analysis in that some of these individuals commute to NMSU's branch campuses, and we were unable to explore this connection the branch campuses.
	Another issue encountered particularly with faculty/staff was the use of NMSU campus addresses as a permanent address.  Other addresses were either incomplete or unusable, and a few were deliberately obscured (e.g. XXXX, Las Cruces).
The use of non-standardized address formats often resulted in unmatched addresses.  Many of the non-standardized addresses were “cleaned” prior to the geocoding process which permitted matching.  The unmatched addresses were manually altered and rerun to determine if there were alternative interpretations of the address.

Results
	Counts for the NMSU faculty/staff address are summarized in Table 1, and similar information for NMSU students is summarized in Table 2.  Geocoding for the faculty/staff resulted in matching of 99% of the cleaned addresses.  Only 1% of the cleaned addresses (49 addresses) were unmatched.  Geocoding resulted in 97% of the cleaned student addresses matching, with only 3% of the cleaned addresses (296 addresses) unmatched.
	The geocoded address shapefiles were converted into a density surface from which the static maps were produced.  The density surfaces for faculty/staff and students were overlaid on the streets, census blocks, and transportation analysis zones (TAZs).  The focus of the static maps was primarily within the Las Cruces city boundary where densities were highest.  Other regions of Dona Anna County and El Paso County in Texas can be more thoroughly examined using the geo-database and ArcMap.  

Table 1 NMSU Faculty/Staff
	NMSU Faculty/Staff Addresses
	Count
	% of TOTAL
	

	NMSU Faculty/Staff addresses
	3867
	99.43
	

	TX NMSU Faculty/Staff addresses
	177
	4.55
	(Included in "All NMSU Fac/Staff" numbers)

	PO Boxes
	5
	0.13
	

	Incomplete/non-viable Addresses
	17
	0.44
	

	
	
	
	

	TOTAL =
	3889
	
	




Table 2 NMSU Students
	NMSU Student Addresses
	Count
	% of TOTAL

	Dona Ana County Addresses
	8176
	51.26

	El Paso TX/Juarez MEX addresses
	1215
	7.62

	Dona Ana County PO Boxes
	1857
	11.64

	NM, Non-Dona Ana County Addresses
	4683
	29.36

	Incomplete Addresses
	19
	0.12

	
	
	

	TOTAL =
	15950
	



	Map 1 displays the population density of faculty/staff in relation to the region, as well as local depictions of the Las Cruces area (the highest population densities lay near NMSU).  Map 2 displays the faculty/staff population density relative to local Transportation Analysis Zones (TAZ’s) and census block groups.   Map 3 is similar to Map 1, but depicts student population density.  Map 4 is similar to Map 2 but again depicts student population densities in relation to TAZ’s and census block groups.  Map 5 is a comparison of faculty/staff population densities with student population densities in relation to TAZ’s.

Conclusion
	The results obtained from this analysis depict the spatial orientation and population density gradients of NMSU faculty/staff and students.  This information can be valuable to the city of Las Cruces in determining whether these high density regions are served by Las Cruces public transportation services and bicycle/pedestrian facilities.  It might also be used to determine if there are adequate numbers of commuters capable of supporting public transportation services to/from communities in southern NM and TX.   The results from this analysis might also be used (by NMSU) to encourage the development and use of other forms of alternative transportation such as carpooling or ride sharing.
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Additional information and resources:
Geocoding - http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?id=1731&pid=1729&topicname=Understanding_geocoding
Address Locators - http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Creating_an_address_locator
Kernel Density - http://webhelp.esri.com/arcgisdesktop/9.2/index.cfm?TopicName=Kernel_Density
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