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Agenda

• Introduction
• PROC GEOCODE
• Required Input Data
• Binning / Proximity Calculations
• PROC SGMAP



Address geocoding, or simply geocoding, is the 
process of taking a  text-based description of a 
location, such a s  an address or the name of a 
place, and returning geographic coordinates, 
frequently a  latitude/longitude pair, to identify a 
location on the Earth's surface.”

Wikipedia
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Presenter Notes
Presentation Notes
So what is geocoding? Essentially it is just obtaining geographic coordinates, x/y or lat/long, to identify a location. We are all familiar with Google Maps and their API, which is great, but today we are going to talk about SAS’s extensive geocoding capabilities and how you can combine the results of PROC GEOCODE with YOUR data. Incidentally, these geographic capabilities underlie the amazing Visual Analytics technology that has to be seen to be believed, as well as SAS Viya, but it’s also available to you in Base SAS. The map shown here was created using geocoded data combined with measure data created via PROC GEOCODE, and visualized using PROC SGMAP – all in BASE SAS and data driven.



INTRODUCTION
Context for this Presentation

I work for a 
contractor
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Presenter Notes
Presentation Notes
Location, Location, Location. I’m sure you’ve all heard this tired old phrase a hundred times, but in this case, it’s true! A CMS project I worked on for CMS is a project called “Improving Nursing Home Compare”, a public facing website with a vast store of data on CMS assets. Among innumerable tasks each month we collect disparate data sets, analyze data, and provide data to populate a CMS website (Care Compare).  Our client (CMS) wanted location information (x, y, lat, long) attached to each of the 15,000+ Medicare funded nursing homes in the United States, adding to data we already provide for the website on a monthly basis.



Report out on geocoded addresses, map addresses

Obtain address data, lookup data, and any “helper” data files

Geocode addresses, bin response data, calculate distances2

1
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INTRODUCTION
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Presenter Notes
Presentation Notes
I had used PROC GEOCODE extensively when it was a part of SAS/GRAPH, and was able to map our process out – Obtain address data, lookup data, and helper data files; geocode addresses, bin response data, and calculate distances; and finally report out on geocoded addresses, and potentially map addresses.



Fun Fact 1 Regarding SAS PROC GEOCODE

SAS PROC GEOCODE is part of BASE SAS, no
longer part of SAS/GRAPH

Fun Fact 2 Regarding SAS PROC GEOCODE

SAS PROC GEOCODE is not restricted to 
geographic entities in the United States

Fun Fact 3 Regarding SAS PROC GEOCODE

SAS PROC GEOCODE can be used to
standardize your address data
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Presenter Notes
Presentation Notes
Since PROC GEOCODE is the hero of this presentation, we’ll first discuss some general concepts before diving into our case study. The procedure produces x and y coordinates for matches between your data and the lookup table.  SAS geocoding is available at the city, zip, zip+4, street and custom levels. Geographic processing in SAS in general has recently undergone some major changes: PROC GEOCODE has been available in SAS/GRAPH since Version 8.2, and recently became available in BASE SAS with a number of other tools in Version 9.4 Maintenance Release M5. It’s not restricted to geographic entities in the United States, and, it’s not just for mapping! You can standardize address data, and use geographic data as covariates, for example.



SAS provides a link to files required for street level geocoding and 
more on SAS MAPSONLINE

SAS provides city and zip level datasets in the SASHELP folder

SAS provides a very limited street level data set in SASHELP2

1

3

PROC GEOCODE “Helper” Data Sets
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Presenter Notes
Presentation Notes
SAS provides city and zip level datasets in the SASHELP folder, and very limited street level data set in SASHELP – a county in NC which just might be Wake County, where SAS is located – someone has a sense of humor! SAS also provides links to files required for street level geocoding and more on SAS MAPSONLINE, which we will briefly discuss later.



PROC GEOCODE /* Invoke geocoding procedure  */ 

method=STREET /* Specify geocoding method */ 

data=work.prov /* Input data set of addresses */ 

out=dd.GEOCODED /* Output data set with X/Y values */

lookupstreet=street.usm /* Primary street lookup data set  */ 

type=SASHELP.GCTYPE; /* Lookup data set-added street type  */ 

RUN;
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PROC GEOCODE

Presenter Notes
Presentation Notes
So, let’s dive into the code (my favorite thing to do) This first line in the code speaks for itself – invoking the procedure, but as with most SAS procedures, you’ve got options! For example, you can specify alternative variable names for address information, specify the look up data sets, specify the method of geocoding, describe how IP addresses being geocoded should be treated, etc.  As this is a relatively short presentation, I’ll just show a few relevant options in our example, but I urge you to look at the SAS documentation for more information.



PROC GEOCODE /* Invoke geocoding procedure  */ 

method=STREET /* Specify geocoding method */ 

data=work.prov /* Input data set of addresses */ 

out=dd.GEOCODED /* Output data set with X/Y values */

lookupstreet=street.usm /* Primary street lookup data set  */ 

type=SASHELP.GCTYPE; /* Lookup data set-added street type  */ 

RUN;
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PROC GEOCODE

Presenter Notes
Presentation Notes
On this line, we specify the geocoding method – for our case study, this is STREET



PROC GEOCODE /* Invoke geocoding procedure  */ 

method=STREET /* Specify geocoding method */ 

data=work.prov /* Input data set of addresses */ 

out=dd.GEOCODED /* Output data set with X/Y values */

lookupstreet=street.usm /* Primary street lookup data set  */ 

type=SASHELP.GCTYPE; /* Lookup data set-added street type  */ 

RUN;
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PROC GEOCODE

Presenter Notes
Presentation Notes
This line specifies the file with input addresses, geographies such as zip, city or county, IP addresses, etc.



PROC GEOCODE /* Invoke geocoding procedure  */ 

method=STREET /* Specify geocoding method */ 

data=work.prov /* Input data set of addresses */ 

out=dd.GEOCODED /* Output data set with X/Y values */

lookupstreet=street.usm /* Primary street lookup data set  */ 

type=SASHELP.GCTYPE; /* Lookup data set-added street type  */ 

RUN;
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PROC GEOCODE

Presenter Notes
Presentation Notes
This line specifies the name of the output data base. You can add additional variables (other than X/Y coordinates and a match report) by using the ATTRIBUTEVAR statement, which lists non-geocoding variables in the lookup data set that are to be added to the output data set. 



PROC GEOCODE /* Invoke geocoding procedure  */ 

method=STREET /* Specify geocoding method */ 

data=work.prov /* Input data set of addresses */ 

out=dd.GEOCODED /* Output data set with X/Y values */

lookupstreet=street.usm /* Primary street lookup data set  */ 

type=SASHELP.GCTYPE; /* Lookup data set-added street type  */ 

RUN;
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PROC GEOCODE

Presenter Notes
Presentation Notes
This line specifies any “helper” data bases, such as a street type or direction lookup data set, in this case we are using the street type normalizing file.



PROC GEOCODE /* Invoke geocoding procedure  */ 

method=STREET /* Specify geocoding method */ 

data=work.prov /* Input data set of addresses */ 

out=dd.GEOCODED /* Output data set with X/Y values */

lookupstreet=street.usm /* Primary street lookup data set  */ 

type=SASHELP.GCTYPE; /* Lookup data set-added street type  */ 

RUN;
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PROC GEOCODE

Presenter Notes
Presentation Notes
This line specifies any “helper” data bases, such as a street type or direction lookup data set, in this case we are using the street type normalizing file.



Street Type Standardization File: SASHELP.GCTYPE

Address Data: Nursing Home Data Base from Care Compare (CMS)

Street Lookup Data: Tiger Files2

1

3

Required Data Sets for Case Study
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Presenter Notes
Presentation Notes
For today’s presentation, I am using three primary data sets: public use Care Compare data from CMS, in our case nursing home data with addresses; public use street lookup data, in our case Census Tiger Files obtained via SAS; and SASHELP.CGTYPE, which helps standardize street types.



Centers for Medicare & Medicare (CMS) Care Compare

https://www.medicare.gov/care-compare/
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Presenter Notes
Presentation Notes
The Centers for Medicare & Medicaid Services (CMS) supports CMS Care: a set of “Compare” tools including Nursing Home Compare, which allows consumers to review and compare potential health related areas, including hospitals, home health agencies, nursing homes, etc.  In our case, we are going to click through to Nursing Homes including rehab services. 



Centers for Medicare & Medicare (CMS) Care Compare

Download metadata by clicking on “Get supporting documents”
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Presenter Notes
Presentation Notes
Note that there are also APIs you can set up to obtain the data. It’s also easy to download a zip file which contains both documentation and all the csv data sets provided on Care Compare for Nursing Homes. If you just want the metadata, click on “Get Supporting Documents”.



Centers for Medicare & Medicare (CMS) Care Compare

Download CSV file(s) by clicking on
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Presenter Notes
Presentation Notes
Here, I download the csv flat files associated with nursing homes on Care Compare. The downloads should go directly into your downloads folder on Windows, or you will be able to save as, depending on your browser and operating system



Centers for Medicare & Medicare (CMS) Care Compare
Open the downloaded zip file
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Presenter Notes
Presentation Notes
Once the zip has been downloaded, extract the providerinfo_download file as well as the metadata spreadsheet. I’ve chosen the providerinfo file because it has geographic data as well as provider level data such as ratings, number of deficiencies, and so on. Run a PROC IMPORT on the CSV. Note, I generally am suspicious of CSV files with PROC IMPORT, but I happen to know that this file is created with character fields surrounded by quotes. 



Centers for Medicare & Medicare (CMS) Care Compare
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Presenter Notes
Presentation Notes
Here is the resulting file, with address, city, state, and zipcode information which can be used to geocode, as well as other analytic variables.



TIGER Data
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Presenter Notes
Presentation Notes
Frequently, geography is used to link additional data sources. The finer the geography, the better the match will be. We want to use street level TIGER data for our case study. We look toward public use street level geography data (aka TIGER, from the Census). Luckily, SAS has made it REALLY easy to get TIGER data, from SAS MapsOnline.



TIGER stands for the Topologically 
Integrated Geographic Encoding and 
Referencing system and represents the
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U.S. Census Bureau's geographic spatial 
data”
U.S. Census Bureau

Presenter Notes
Presentation Notes
So what does TIGER stand for anyway?



SAS MapsOnline

• Hidden treasure
• Geographic code samples
• Geographic files

–Updates to SAS provided 
files: includes map files, 
selected SASHELP files,
Zipcode files

–TIGER files
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Presenter Notes
Presentation Notes
SAS MapsOnline is really a hidden treasure in the SAS User 	Documentation. It has a ton of useful data, programs, etc. Today, we are interested in SAS provided TIGER files and the programs to read them in, but do take some time and explore this page – it’s awesome. It tends to move around sometimes as documentation is enhanced, but if you google SAS MapsOnline, you will find it.



Tiger Data

https://support.sas.com/en/knowledge-base/maps-geocoding.html
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Presenter Notes
Presentation Notes
So, bookmark this page. Not only does SAS provide TIGER data in 9.3 and 9.4 formats, they provide you with read-in programs. This is the easiest route to obtaining TIGER data. And, this is where you can get updates for SAS geographic data bases, like quarterly sashelp.zipcode data.



Tiger Data
https://support.sas.com/en/knowledge-base/maps-geocoding/geocodes.html#street
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Presenter Notes
Presentation Notes
Note: you will need to have an account with SAS to download the geocode data. 



Tiger Data

https://support.sas.com/downloads/package.htm?pid=2557
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Presenter Notes
Presentation Notes
Obtain the most recent data sets for street lookup data, and the import code for your version of SAS. It’s that easy, but due to the size of the street lookup zip, it can take a while. 



Tiger Data
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Presenter Notes
Presentation Notes
Open the street level zip in the folder you want to process in, follow the instructions on the README file in the zip, and run the provided import program. 



SASHELP Files
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Presenter Notes
Presentation Notes
The SASHELP folder provided with every SAS installation contains a number of different sample data sets that are suitable for various purposes. The one we are interested in is the GCTYPE file. There are three GC (GeoCode) data sets: one for street directions, one for state names and abbreviations, and one for street type abbreviations. PROC GEOCODE uses CGTYPE for Street level Geocoding. Note that if your data has a bizarre abbreviation for street types, you can actually add to this crosswalk by creating a work copy of the sashelp file and referencing that in your code. Believe it or not, SAS has a 170 page PDF that describes every one of them.  As if the PDF wasn’t enough, there’s also a crosswalk of the codes generated by PROC GEOCODE when trying to match.�



PROC GEOCODE /* Invoke geocoding procedure  */ 
method=STREET /* Specify geocoding method */ 
data=work.prov /* Input data set of addresses */ 
out=dd.GEOCODED /* Output data set with X/Y values */
lookupstreet=street.usm /* Primary street lookup data set */
type=SASHELP.GCTYPE; /* Lookup data set-added street type */ 
RUN;
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PROC GEOCODE in Action

Presenter Notes
Presentation Notes
Here is the code we looked at in detail earlier. Now we are going to go ahead and run it. This can take some amount of time, depending on your input file and whether you can subset the street level lookup data set for your processing.



PROC GEOCODE in Action
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Presenter Notes
Presentation Notes
Not everything gets matched, as the GIGO effect applies here as elsewhere. Ideally, the _Matched_ variable would contain Street only. Given enough time, you can clean up the less than perfect matches. 92% were at matched at street level, with another 7% at zip, the next level up. One did not match at all. Since we geocode the input file each month, we actually clean the non matches and higher level matches via an include file of hard codes, since the addresses do not change very often. In the process of geocoding, normalized address elements are also produced, a handy by product if you are trying to clean your addresses.



First, we need to review our data. Our provider file has 
categorical, continuous, and binary variables as well as our 
geocoding data.

For visualizations, we want to “bin” or categorize response data,
using a max of 5 categories to ensure comprehension.

Next, we want to associate categorized data with geographic 
entities, and, add some analytic variables based on geographic 
calculations.
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Data Preparation

Presenter Notes
Presentation Notes
The first step is to look at our data. Our provider file has categorical, continuous and binary variables as well as some geographic information.  For most visualizations, we are going to want to take that geographic data and use methods to assign discrete numbers of values of other variables to geographic entities such as state, county or zip code. Mapping associated providers (in our case) allows us to explore groups of providers in a way that a table might not immediately provide.



Provider Data Preparation

PROC RANK DATA = state_sum
GROUPS = 5

OUT = stateranks_providers; 
VAR ProviderR;
RANKS Provider_5 ;
RUN;
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Presenter Notes
Presentation Notes
Here is an example of adding a categorical analytic variable  in which we “bin” the information beforehand. For example, with approximately 15,500 Medicare/Medicaid nursing homes in the United States, a given measure might have over 15,000 values (allowing for some missingness. One method we use frequently in preparing data for mapping is PROC RANK. PROC RANK will rank records in ascending order into a specified number of groups



SAS-supplied methods to obtain geographic distance calculations

%geodist macro and geodist(lat1,long1,lat2,long2,options) function 
– calculates the distance between two pairs of latitude and 
longitude, accounting for the earth’s curvature – as the crow flies

zipcitydistance(zip1,zip2) function – calculates the geographic 
distance between two zip code centroids – as the crow flies
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Geographic Data Preparation

Presenter Notes
Presentation Notes
In our geocoded data set we calculate distances between our nursing homes, using the geodist macro. Latitudes and longitudes in our data set can be used to calculate distance between providers and each other, and to other points of interest. This allows comparison of providers who are geographically adjacent, or not, to add other potential influences on quality measures. 



*******************************************************************;
** Create duplicate data sets, keeping only required variables, **;
** and renaming keys to distinguish them **;
*******************************************************************;

data one;
set dd.geocodedprovjan2020 (keep=x y provnum overall_rating city 

state rename=(x=x1 y=y1 provnum=provnum1 
overall_rating=overall_rating1 city=city1 state=state1));
run;

data two;
set dd.geocodedprovjan2020 (keep=x y provnum overall_rating city 

state rename=(x=x2 y=y2 provnum=provnum2 
overall_rating=overall_rating2 city=city2 state=state2));
run;

Geographic Data Preparation
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Presenter Notes
Presentation Notes
To calculate distances between providers, we want to join our geocoded provider data set with itself with a cartesian match, so that we can look at the distance from a given providers to all other providers, so we create duplicate data sets renaming variables.



*******************************************************************:
** Full Join of two subsetted data sets
** Choose # of miles between to restrict data set

**;
**;

** remove instances of combining providers with self **;
*******************************************************************;

proc sql ;
create table three as select one.*
,two.*
,geodist(one.y1,one.x1,two.y2,two.x2,'M') as distancebetween 
from one,
two
where calculated distancebetween le 25 and 

calculated distancebetween ne . and 
one.provnum1 ne two.provnum2

order by one.provnum1; 
quit;

Geographic Data Preparation
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Presenter Notes
Presentation Notes
Our join limits the distance between sets of providers to 25 miles, using the geodist function and x, y coordinates for both providers, and M argument to indicate miles. 



****************************************************************;
** count the number of providers within 25 miles **;
** for each record **;
****************************************************************;

proc freq data=three;
tables provnum1 / noprint out=provnum_counts

(keep=provnum1 count);
run;

Geographic Data Preparation

Copyright © SAS Institute Inc. All rights reserved.

Presenter Notes
Presentation Notes
We count the maximum number of matches for each provider within 25 miles and create provnum_counts.



*******************************************************************:
** merge counts per provider to joined data set
** create some different flags / variables

**;
**;

** remove missing values from overall_rating prior **;
*******************************************************************;

data dd.four;
merge three provnum_counts; 
by provnum1;
if overall_rating1 lt '51' and overall_rating2 lt '51' then 

rating_diff=overall_rating1-overall_rating2;
state_diff=(state1 ne state2); 
city_diff=(city1 ne city2);

run;

Combining Data
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Presenter Notes
Presentation Notes
And add to our final data set. We also calculate some differences between variables for further analysis.



PROC SGMAP was introduced in SAS 9.4M5

Creates maps and overlay plots including bubble, scatter, series
or text plots

Can use a discrete attribute map as in other SG procedures

PROC SGMAP has brought mapping capacity to BASE SAS
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PROC SGMAP

Presenter Notes
Presentation Notes
PROC SGMAP has also brought a lot of functionality which used to be reserved for SAS/GRAPH users to BASE SAS – including PROC GEOCODE. PROC SGMAP was introduced in SAS 9.4M5. After geocoding data sets are prepared, you can use the SGMAP procedure to create maps and then overlay plots such as bubble, scatter, series, or text plots. A very useful addition to the SGMAP procedure (also available in other SG procedures is a discrete attribute (non-geographic) map data set, which effectively acts like a hash table or format to control an entity’s appearance.



PROC SGMAP
/* Create an ATTRMAP */

data attrmap1; 
length linecolor

fillcolor $ 15; 
input ID $ value
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linecolor $
fillcolor $ label $;

datalines;
id1 1 black red 1
id1 2 black lightorange 2
id1 3 black lightyellow 3
id1 4 black lightgreen 4
id1 5 black lightblue 5
;

Presenter Notes
Presentation Notes
For a quick sample, we are going to map provider 5 star ratings in the state of MA.  As you can see, code snippets are on the left, result is on the right. Step 1 is to create an ATTRMAP, which is used just like a format to determine style information in ODS Graphics. The dots on the map and the legend follow this color scheme. Note you can store custom attrmaps in spreadsheets, and read in on the fly, which makes changing a color scheme really easy.



PROC SGMAP
data geocoded;

set dd.allfaclevel20230801 
(where=(state="MA"));

or=comp5star;
label or='Overall Rating'; 
if not missing(or);

run;

proc sort data=geocoded; 
by or;

run;
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Presenter Notes
Presentation Notes
Step 2 is to massage our geocoded data a little – we are subsetting to Massaschusetts, creating and labelling an overall rating variable (values 1-5 for star ratings), and then (important) sorting by the star rating variable. – if time, ask why the sort is needed – unlike formats, needs to order legend, etc.



PROC SGMAP
data mass;
set mapsgfk.us_counties 
(where=(statecode='MA'));

run;

ods graphics / noscale 
imagefmt=png 
imagename="&name" 
width=1200px height=900px 
noborder;

title 'Massachusetts Nursing 
Home Star Ratings - August 
2023';

Copyright © SAS Institute Inc. All rights reserved.

Presenter Notes
Presentation Notes
Step 3 is to restrict our MAP data set (this is what draws the county borders for MA) and set our graphics parameters and a title statement. The parameters are optional, but is handy to delineate areas of interest and to offer more opportunities to customize.



PROC SGMAP
proc sgmap mapdata=mass 

plotdata=geocoded 
des='Mass’ 
dattrmap=attrmap1; 
openstreetmap;
choromap / mapid=county
lineattrs=(color=black) ; 
bubble x=longitude 
y=latitude 
size=comp5star100 / 
bradiusmax=15px 
bradiusmin=5px group=or 
attrid=id1;

run;
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Presenter Notes
Presentation Notes
In our PROC SGMAP call, we bring in our Massachusetts map, then our response data (plotdata), specify a description for metadata (DES=), specify the attrmap for coloring our dots; add an openstreetmap underlay (could use ESRI as well), add a choromap to draw county lines; add a bubble statement with our lat and longs, vary the size of the dots by the star rating; and lastly assign the attrid for the attrmap, make a min and max for the pixel size of the dots, and specify a group statement (kind of like a by). Phew!



In conclusion, SAS PROC 
GEOCODE can help you 
put YOUR data on the 
map, offers additional 
analytic opportunities, 
and normalizes your 
address information in 
the process!”

Presenter Notes
Presentation Notes
I think you will agree the combination of PROC GEOCODE and PROC SGMAP in BASE SAS gives you a lot of options to both analyze and visualize your data!



Questions? Contact me!
saslouisehadden@gmail.com

Scan me

SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute 
Inc. in the USA and other countries. ® indicates USA registration.

Other brand and product names are trademarks of their respective companies.
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