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This document describes the KUMC Geocoding Project carried out by the Minnesota Population Center (MPC) during Summer/Fall 2015. KUMC contracted with the Minnesota Population Center to geocode addresses in the electronic medical records for ten PCORI sites. In addition to geocoding the addresses, we agreed to add a number of census codes so the geocoded data could be linked to socio-demographic statistics from the US Census Bureau.
The next section describes the geocoding process, and the final section describes the census code assignment process.
Geocoding
The geocoding process was executed in a secure data enclave provided by the University of Minnesota Clinical Translational Science Institute (CTSI). The CTSI IT staff installed ArcGIS 10.3.1 on a server in the enclave and helped Mei Liu, assistant professor at the University of Kansas Medical Center, securely transfer the address data to the enclave. 
Liu provided the MPC with one comma-separated value (CSV) file per PCORI site (nine CSVs in total). Each CSV contained four columns: address, city, state, and ZIP code. The record counts varied from 92,274 for the Marshfield Clinic Research Foundation to 3,330,536 for the University of Texas Health Science Center at San Antonio. We verified that each CSV contained those four columns of data, but we did no other data cleaning.
Jason Borah, GIS analyst for the MPC, created an empty file geodatabase and then imported the CSVs into the geodatabase. Borah used the Esri USA Geocoding Service, a composite address locator which utilizes four locators (Address_Points, Street_Address, Zipcode, and CityState) to geocode each of the nine separate files individually. The Esri USA Geocoding Service takes a cascading approach to address matching, where each record in the file attempts to first match with the Address_Point locator. If it fails to find a candidate with a suitable match score in Address_Point, it “cascades” or rolls down to the Street_Address locator; if it fails to find a suitable match, it continues on to the Zipcode locator and finally the CityState locator. If it fails to match with the CityState locator, that address is flagged as being unmatched and no GIS point is created for the record.
The Esri USA Geocoding Service we used is based on 2014 data that Esri licenses from NAVTEQ. Esri creates the address locators using the HERE/NAVTEQ data and combines the resulting locators into the USA Geocoding Service. Each address locator (Address_Points, Street_Address, Zipcode, and CityState) have default properties provided by Esri. These properties relate to the minimum match score, minimum candidate score, match if best candidates tie, and spelling sensitivity. The minimum match score is the minimum score a candidate must meet to match a given address. The minimum candidate score is the threshold an address must exceed to be considered a candidate for matching. Match if best candidates tie is used if the geocoding process finds two or more candidates with the same highest match score but differing spatial locations. If Match if best candidates tie is set to yes (which is the default), the geocoding process will randomly select one of the tied candidates and match to it. Finally, spelling sensitivity determines how much spelling variation between the input address and candidates is allowed. Table 1 lists the defaults for the address locators used in this project. 
Table 1. Default properties for address locators used by the Esri USA Geocoding Service.
	Locator
	Minimum match score (0-100)
	Minimum candidate score (0-100)
	Match if best candidates tie
	Spelling sensitivity (0-100)

	Address_Points
	75
	40
	Yes
	80

	Street_Address
	60
	10
	Yes
	80

	Zipcode
	60
	10
	Yes
	80

	CityState
	60
	10
	Yes
	80



Geocoded records receive X and Y coordinates as part of a standard set of attributes the software adds to each record. In addition, those address records that geocoded with the Address_Points locator receive an additional set of X and Y coordinates that represent the rooftop location of the address rather than the streetside location. Because the rooftop X and Y coordinates are preferred for linking to census units, several additional steps were taken to create points of these preferred coordinates. Borah created new X and Y fields (New_X, New_Y) in the attribute table of each file. These new fields were populated with the values found for the rooftop coordinates of the address point records and with the default coordinate values for all other geocoded records. In order to create new GIS point files that use the preferred coordinate values, Borah exported the attribute tables of the existing site’s GIS point files to new tables. Utilizing the “Display XY Data” function in Esri ArcGIS, each site’s table was converted back to a GIS point layer by specifying the preferred X and Y coordinates as the fields from which to create points. 
After geocoding a site’s address file, ArcGIS produces a report indicating the number of matched, unmatched, and tied records. ArcGIS also provides a count of the records matched to the Address Point, Street Address, City/State, or ZIP Code address locator. We created an Excel spreadsheet called KUMC_Address_AllSites_GeocodeSummary.xlsx that summarizes the results. The GeocodeSummary tab contains the matched/unmatched/tied summary and the address point/street address, city/state, ZIP code summary for each site. The Codebook tab describes the fields in the GeocodeSummary tab. 
Borah then obtained 2010 census blocks aligned to the HERE/NAVTEQ 2014 Q4 roads data (which is used to create the Esri USA Geocoding Service) from Esri’s StreetMap Premium for ArcGIS.  He then spatially joined the geocoded addresses with the 2010 census blocks. This process added a census block ID to each geocoded address.

All of the sites’ geocoded data have the same schema. Table 2 lists the fields in the schema along with a data type and description of each individual field.
Table 2. Schema description of the geocoded addresses.
	Field
	Data Type
	Description
	Possible values

	ObjectID
	Int
	Unique ID assigned by ArcGIS
	

	Join_Count
	Int
	Number of census blocks the geocoded address joined to
	0-n; unmatched records = 0; most geocoded addresses = 1; geocoded addresses that fall on block boundaries = 2 or more

	TARGET_FID
	Int
	Unique ID from spatial join – IGNORE
	

	Loc_name
	Text
	Address locator name
	Address_Points; Street_Address; Zipcode;CityState

	Status
	Text
	Geocoding status indicator
	M = matched; T=tied; U=unmatched

	Score
	Int
	Geocoding score
	0-100

	Match_type
	Text
	Type of geocoding match
	A = automatic

	X
	Double
	Latitude, in decimal degrees (WGS84)
	

	Y
	Double
	Longitude, in decimal degrees (WGS84)
	

	Match_addr
	Text
	Candidate address from Esri USA Geocoding Service to which KUMC address was matched
	

	DISP_LON
	Text
	Longitude of rooftop, in decimal degrees (WGS84), for points matched to Address_Points
	

	DISP_LAT
	Text
	Latitude of rooftop, in decimal degrees (WGS84), for points matched to Address_Points
	

	SIDE
	Text
	Side of street
	R = right; L=left; <Null> = didn’t match to address point or street address

	ARC_Address
	Text
	Standardized address from KUMC data
	

	ARC_City
	Text
	Standardized city from KUMC data
	

	ARC_State
	Text
	Standardized state from KUMC  data
	

	ARC_Zip
	Text
	Standardized ZIP code from KUMC data
	

	Field1
	Text
	Raw input address from KUMC data
	

	Field2
	Text
	Raw input city from KUMC data
	

	Field3
	Text
	Raw input state from KUMC data
	

	Field4
	Text
	Raw input ZIP code from KUMC data
	

	New_X
	Double
	Longitude, in decimal degrees (WGS84), used to assign census code
	

	New_Y
	Double
	Latitude, in decimal degrees (WGS84), used to assign census code
	

	ID
	Text
	2010 Census block ID
	

	BLOCK_ID
	Text
	4-character census block code
	

	FIPSST
	Text
	2-character state FIPS code
	

	FIPSCO
	Text
	3-character county FIPS code
	

	FIPSSTCO
	Text
	5-character state + county FIPS code
	

	TRACT_ID
	Text
	6-character census tract code
	

	ST_ABRV
	Text
	State postal abbreviation
	

	CO_NAME
	Text
	County name
	

	ST_NAME
	Text
	State name
	


Census
In addition to the geocoded addresses, the MPC agreed to provide a crosswalk linking census block codes to other census units, including states, counties, census tracts, census block groups, county subdivisions, places, school districts, congressional districts, urban areas, and core-based statistical areas. KUMC researchers may use the crosswalk to link geocoded addresses to census data tabulated for those units. 
Preparing the census crosswalk involved two separate processes. The first created the crosswalk linking 2010 census blocks to other geographic units from the 2010 Census of Population and Housing. The second created the crosswalk linking 2010 census blocks to census tracts, census block groups, county subdivisions, and places from the 2009-2013 American Community Survey. 
Crosswalk for 2010 census blocks to other 2010 geographic units
The 2010 decennial census of population and housing data are derived from ten questions asked of all households in the United States. These questions ask about the age, sex, and race/ethnicity of all members of the household, the relationships among those members, and the tenure and occupancy status of housing units. The Census Bureau collects the data from households and then generates tabulations for a wide variety of geographic units. 
Census blocks are the smallest geographic unit for which the Census Bureau tabulates data, and the MPC assigned a 2010 census block code to each geocoded record from the PCORI sites. Since census blocks nest within all other census geographic units, we can leverage that nesting to link geocoded records to these other census units. This linking is done through a crosswalk.
Using the National Historical Geographic Information System (http://www.nhgis.org), David Van Riper downloaded census block data from the 2010 census. NHGIS block data provide a unique identifier for each census block and separate columns for the geographic units within which the block nests (Table 3).


Table 3. Example geographic identifiers in the initial block crosswalk.
	Block
	State
	County
	Tract
	Place

	010010201001000
	01
	001
	020100
	62328

	010010201001020
	01
	001
	020100
	99999

	010010204003008
	01
	001
	020400
	99999



The raw data provided by NHGIS required additional processing to create the final 2010 crosswalk. In order to uniquely identify geographic units, we had to concatenate columns together. For example, to uniquely identify places in the United States, we concatenated State codes with Place codes. After this additional processing, we had a crosswalk like the one in Table 4:
Table 4. Example geographic identifiers in the modified block crosswalk.
	Block
	State
	County
	Tract
	Place

	010010201001000
	01
	01001
	01001020100
	0162328

	010010201001020
	01
	01001
	01001020100
	0199999

	010010204003008
	01
	01001
	01001020400
	0199999



The concatenation rules used for each 2010 census unit in the KUMC crosswalk are:
1. State = State
2. County = State + County
3. Tract = State + County + Tract
4. Block group = State + County + Tract + Block group
5. Block = State + County + Tract + Block
6. Place = State + Place
7. County subdivision = State + County + County subdivision 
8. ZCTA5 (5-digit ZIP Code Tabulation Area ) = ZCTA5
9. Urbanized area = Urbanized area
10. Core-based statistical area = Core-based statistical area
11. Metropolitan division = Metropolitan division
12. Elementary school district = State + elementary school district
13. Secondary school district = State + Secondary school district
14. Unified school district = State + Unified school district
15. Congressional district = State + Congressional district
Some of these units (ZCTA5, urbanized are, core-based statistical area) require no concatenation because they only nest within the United States. Other units (place, congressional district, unified school district) nest solely within states. 
The crosswalk linking 2010 census blocks to the other 14 geographic units from 2010 contains 11,100,579 records and 21 columns. Table 5 lists the field names and descriptions.
Table 5. Field names, widths, and descriptions of the crosswalk. 
	Field
	Width
	Description

	GSTATE
	2
	State code

	GCOUNTY
	5
	County code

	GTRACT
	11
	Census tract code

	GBG
	12
	Census block group code

	GBLOCK
	15
	Census block code

	GPLACE
	7
	Place code

	GCOUSUB
	10
	County subdivision code

	GZCTA5
	5
	5-digit ZIP Code Tabulation Area code

	GUAA
	5
	Urbanized area code

	GCBSA
	5
	Core-based statistical area code

	GMETDIV
	5
	Metropolitan division code

	GSDELM
	7
	Elementary school district code

	GSDSEC
	7
	Secondary school district code

	GSDUNI
	7
	Unified school district code

	GCD110_112
	4
	110-112th Congressional district code

	GTRACT_ACS
	11
	2013 ACS census tract code

	GBG_ACS
	12
	2013 ACS census block group code

	GCBSA_2013
	5
	2013 core-based statistical area code

	GMETDIV_2013
	5
	2013 metropolitan division code

	GPLACE_2013
	7
	2013 place code

	GCOUSUB_2013
	10
	2013 county subdivision code


Crosswalk for 2010 census blocks to 2013 geographic units
Beginning in 2005, the US Census Bureau began fielding the American Community Survey (ACS). The ACS replaced the “long-form” of the decennial census. In addition to questions about age, sex, race/ethnicity, relationship, tenure, and occupancy status, the “long-form” asked about income, educational attainment, school enrollment, labor force status, occupation, veteran’s status, migration, disability status, and poverty status. From 1940-2000, the Census Bureau sent the “long-form” to a 1 in 6 sample of households during the decennial enumeration. The ACS, which contains similar questions to the discontinued “long-form”, is a rolling survey that samples 1 in 20 households annually. The Census Bureau combines multiple years of survey responses to tabulate data for geographic units. The 5-year ACS (2009-2013 in this case) has enough cases to tabulate data at the census block group and larger units. 
The MPC will provide the 2009-2013 ACS data to KUMC. The 2009-2013 data includes survey responses gathered during those years. While the years that the data cover are straightforward, the years for the geographic units are not. For legal areas such as states, counties, minor civil divisions, places, and congressional districts, data are tabulated for the boundaries as of January 1, 2013. An exception to this rule is the school district. Data are tabulated for school district boundaries as of January 1, 2012. For statistical areas such as census tracts, census block groups, urban areas, and ZIP Code tabulation areas, data are tabulated for the boundaries delineated for the 2010 census. Two exceptions to this rule are core-based statistical areas and metropolitan divisions. The 2009-2013 ACS tabulates data for the core-based statistical areas and metropolitan divisions released on February 28, 2013. 
Table 6. Geographic vintages and appropriate datasets for the fields in the crosswalk.
	Geographic unit
	Vintage
	Datasets

	GSTATE
	2010 Census
	2010 Census; 2009-13 ACS

	GCOUNTY
	2010 Census
	2010 Census; 2009-13 ACS

	GTRACT
	2010 Census
	2010 Census

	GBG
	2010 Census
	2010 Census

	GBLOCK
	2010 Census
	2010 Census

	GPLACE
	January 1, 2010
	2010 Census

	GCOUSUB
	January 1, 2010
	2010 Census

	GZCTA5
	2010 Census
	2010 Census;2009-13 ACS

	GUAA
	2010 Census
	2010 Census;2009-13 ACS

	GCBSA
	December 1, 2009
	2010 Census

	GMETDIV
	December 1, 2009
	2010 Census

	GSDELM
	January 1, 2010
	2010 Census

	GSDSEC
	January 1, 2010
	2010 Census

	GSDUNI
	January 1, 2010
	2010 Census

	GCD110_112
	January 1, 2009
	2010 Census

	GTRACT_ACS
	2010 Census
	2009-13 ACS

	GBG_ACS
	2010 Census
	2009-13 ACS

	GCBSA_2013
	February 28, 2013
	2009-13 ACS

	GMETDIV_2013
	February 28, 2013
	2009-13 ACS

	GPLACE_2013
	January 1, 2013
	2009-13 ACS

	GCOUSUB_2013
	January 1, 2013
	2009-13 ACS



There were no state, county, urban area, or ZIP Code tabulation area boundary changes between 2010 and 2013; therefore, you will use the GSTATE, GCOUNTY, GUAA, and GZCTA5 for both the 2010 decennial census data and the 2009-2013 ACS data.
Census block data are only available from the 2010 decennial census; therefore, you will use GBLOCK with only that data.
Elementary, secondary, and unified school districts are available from the 2010 decennial census; therefore you will use GSDELM, GSDSEC, and GSDUNI with that dataset. School district boundaries are available for the 2009-2013 ACS data, but we did not create a new crosswalk for these geographic units.
There are a few census tract and census block group boundaries that changed between 2010 and 2013, which is why there are GTRACT_ACS and GBG_ACS attributes in the crosswalk. We used the notes in this document to identify and change the affected tract and block group codes. Thus, you will use GTRACT and GBG for the 2010 decennial census data and GTRACT_ACS and GBG_ACS for the 2009-2013 ACS data. 
As noted above, the core-based statistical areas and metropolitan divisions changed between 2010 and 2013; therefore, we have two unique identifiers for each. You will use GCBSA and GMETDIV for the 2010 decennial census data and GCBSA_2013 and GMETDIV_2013 for the 2009-2013 ACS data. 
Some places and county subdivisions did change between 2010 and 2013. Some cities annexed territory while others unincorporated themselves. Thus, you will use the GPLACE and GCOUSUB for the 2010 decennial census data and GPLACE_2013 and GCOUSUB_2013 for the 2009-2013 ACS data. 
We did additional processing to create the 2013 place and county subdivision crosswalks. We first created a point shapefile based on the centroids in the 2013 TIGER block polygon dataset. Then, we overlaid the block centroids on the 2013 place polygons – this assigned a 2013 place code to each block centroid. We repeated the overlay process using the block centroids and the 2013 county subdivisions. Finally, we joined the block centroids containing the 2013 place and county subdivision codes back to the 2010 block crosswalk as GPLACE_2013 AND GCOUSUB_2013. 
We need to add a caveat to the GPLACE_2013 and GCOUSUB_2013 crosswalks. The 2013 blocks used in the process do not exactly match the 2010 blocks. To accommodate place and county subdivision changes between 2010 and 2013, the Census Bureau subdivided 2010 census blocks so they matched the new place or county subdivision boundary. The Bureau flagged the modified 2010 census blocks by adding an alphabetical suffix. For example, a single 2010 census block with a code 010010020021000 (census block 1000 in tract 002002 in county 01001) could be subdivided into two 2013 census blocks with the codes 010010020021000A and 010010020021000B. The A and B indicate a census block boundary change. 
After intersecting the 2013 census blocks with the 2013 places and county subdivisions, we stripped the suffix character from the 2013 census block IDs before joining the 2013 place and county subdivision codes back to the 2010 blocks. Given the data we had available, this was our best plan to attach 2013 place and county subdivisions to the geocoded data. 
Using the crosswalk with the geocoded address data
The primary key in the crosswalk is GBLOCK, and the foreign key that links the geocoded address records to the crosswalk is ID. 
User notes
Records that matched using the Zipcode or CityState locators will have census block, block group, tract, urbanized area, core-based statistical area, and metropolitan division codes. But, we advise you to disregard those codes and only use GZCTA5 for records matching Zipcode and GPLACE, GPLACE_2013, or GSTATE for records matching CityState. 
Resources
The US Census Bureau has a website that describes its geographic terms and concepts. We wanted to provide selected links to KUMC so you can learn more about the geographic units we discussed in this document. 
State - https://www.census.gov/geo/reference/gtc/gtc_state.html 
County - https://www.census.gov/geo/reference/gtc/gtc_cou.html 
Census tract - https://www.census.gov/geo/reference/gtc/gtc_ct.html 
Census block group - https://www.census.gov/geo/reference/gtc/gtc_bg.html 
Census block - https://www.census.gov/geo/reference/gtc/gtc_block.html 
Place - https://www.census.gov/geo/reference/gtc/gtc_place.html 
County subdivision - https://www.census.gov/geo/reference/gtc/gtc_cousub.html 
Core-based statistical area - https://www.census.gov/geo/reference/gtc/gtc_cbsa.html
Metropolitan division - https://www.census.gov/geo/reference/gtc/gtc_cbsa.html
School district - https://www.census.gov/geo/reference/gtc/gtc_sd.html 
Urbanized area - https://www.census.gov/geo/reference/gtc/gtc_urbanrural.html#ua 
ZIP Code Tabulation Area - https://www.census.gov/geo/reference/gtc/gtc_zcta.html 
Congressional district - https://www.census.gov/geo/reference/gtc/gtc_cd.html 


