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ABSTRACT

SAS/GRAPH and ODS provide SAS programmers with tools to create customized, full color maps for a variety of
uses. The production of useful, impressive looking maps using SAS/GRAPH is surprisingly easy, and can be
accomplished with greater ease in SAS 9.2. This paper walks through the creation of a number of different maps
using SAS 9.1 and 9.2 and shows some exciting new choices and possibilities in SAS 9.2. Examples include:
PROC MAPIMPORT (from shapefile to map data set); tidbits from SAS MAPSONLINE including
SASHELP.ZIPCODE, SASHELP.MAPFMTS and WORLDCTS; new maps available in 9.2 (Cuba, Tasmania and
others); %colorscale and Colorbrewer (choosing map colors for data-driven mapping in 9.1, ODS styles in 9.2);
improved "look and feel" in 9.2 (increase in default color list, true type fonts, better image clarity); distance
calculations available in 9.1 and 9.2 (a macro in 9.1, GEODIST and ZIPCITYDISTANCE functions in 9.2); and last
but certainly not least examples of PROC GMAP+GCHART (bar chart overlays on a map with PDF in 9.1,
transparent GIF in 9.2).

INTRODUCTION

The purpose of this paper is to demonstrate how easy it is to produce _‘
spectacular, colorful and informative maps using SAS/GRAPH. Maps created

with 9.1 and 9.2 will be presented side by side, with a discussion of the tools and

techniques used to create each map including code “snippets” (full code will be

available in a zip file in the NESUG Proceedings.) All sample code is provided /ﬁ

“as is.” SAS 9.2 is currently available, but if you do not have access to it yet, it is @
important to note that these maps CAN be created using 9.1 and 8.2. Many of

the tools and map data sets that are being shipped with 9.2 are available for 3 @
download for earlier versions.

PROC MAPIMPORT

PROC MAPIMPORT (available in SAS 9.x) allows SAS programmers to import ESRI shapefiles and create SAS map
data sets for geographic areas that SAS does not provide. There are a number of sources for free shapefiles on the
web. A Google search for "free shapefiles" is a good place to start looking. If you would rather not search, a few
good resources are...

ESRI (a GIS software company)
http://arcdata.esri.com/data/tiger2000/tiger_download.cfm

US Census Bureau
http://www.census.gov/geo/www/cob/index.html

CDC (Centers for Disease Control)
http://www.cdc.gov/epiinfo/shape.htm

CIP (International Potato Center, part of the Consultative Group on International Agricultural Research)
http://research.cip.cgiar.org/gis/index.php

A common use of PROC MAPIMPORT is for US Postal Zip Code (or really ZCTA) maps. ZCTA maps are available
from the Bureau of the Census, and in conjunction with the SASHELP.ZIPCODE file described below and other data
sources, allow the graphical display of US Postal Zip Code level data. Our first examples are of using PROC
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MAPIMPORT to create a US Postal Zip Code map for the state of North Carolina.

A FREE Zip Code (or more accurately ZCTA) ArcView Shapefile for the state of North Carolina was downloaded
from the Bureau of the Census Cartographic Boundary Files web page (see US Census Bureau link above.)

f Census 2000 5-Digit ZIP Code Tabulation Areas (ZCTAs) Cartographic Boundary Files - U.S. Census - Windows X £ ID|1|
@E“—;ﬁ) ] E http: /fwww .census.gov fgeo/www/cob/z52000.html j @I liJ |3-?-c-;=e mﬂ
J File Edit View Favorites Tools Help |J Links **
J GDUS],EFC;v LIGO +@ Q 9 ﬁ - | 9% Bookmarksw S]GIMblocked | a:? Check v 9 Autolink v = Autofil 32 1.13 Settings
% S [EYcensus 2000 5-Digit ZIP Code Tabulation Areas (ZCT... I - - pm v [[|page v (iTook ~ 7
District of Columbia - zt11_d00_shp zip (8.220 bytes) ;]

Flarida - zt12_d00_shp zip (1.744 038 bytes)
Georgia - zt13_d00_shp zip (1.517.838 bytes)
Hawaii - zt156_d00_shp zip (101,443 bytes)

ldaho - zt16_d00_shp zip (1.124 393 bytes)

llinois - zt17_d00_shp zip (1,290,295 bytes)
Indiana - zt18_d00_shp zip (697.731 bytes)

lowa - zt19_d00_shp zip (878,675 bytes)

Kansas - zt20_d00_shp zip (630.303 bytes)
Kentucky - zt21_d00_shp zip (1.393.009 bytes)
Louisiana - zt22_d00_shp zip (2.575.106 bytes)
Maine - zt23_d00_shp zip (976551 bytes)
Maryland - zt24_d00_shp zip (530.673 bytes)
Massachusetts - zt25_d00_shp zip (315,851 hytes)
Michigan - zt26_d00_shp.zig (1,220.111 bytes)
Minnescta - z2t27_d00_shp zip (1.668.098 bytes)
Mississippi - zt28_d00_shp zip (1.035.664 bytes)
Missouri - zt29_d00_shp zip {1.528.209 bytes)
Mantana - z£30_d00_shp zip (1,276,036 hytes)
MNebraska - z£31_d00_shp zip (554,069 bytes)
Nevada - zt32_d00_shp zip (398,039 hytes)

MNew Hampshire - zt33_d00 shE zip (234,088 bytes)
New Jersey - z£34_d00_shp zip (460.527 hytes)
MNew Mexico - zt35_d00_shp zip (662.721 bytes)
New York - zt36_d00_shp zip (1.879.872 hytes)
Marth Carolina - zt37_d00_shp zip (1.672.705 hytes)
Morth Dakota - zt38_d00_shp zip (424 527 bytes)
Ohio - z£39_d00_shp zip (1,148,017 bytes)
Oklahoma - zt40_d00_shp zip (1.220.504 bytes)
Oregaon - zt41_d00_shp zip (1,683.390 bytes)
Pennsylvania - zt42_d00_shp zip (1.519.804 bytes)
Rhode Island - zt44 _d00_shp zip (43,959 bytes)
South Carolina - zt45_d00_shp zip (1.286.927 bytes) =

|Done l_ ’_ I_ l_ l_ l_ |® Internet | "'."g 100% = 2

SAS’s PROC MAPIMPORT was used to import the zip code boundary maps for the entire state. The resulting maps
for 9.1 and 9.2 are shown below.

Zipcode Map imported via Proc Maplimpert Zipecode Map imported via Proc Maplmport
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/* Version 9.1 */
proc mapi nport

datafile="./zt37_d00. shp"

out =mymap91l;
run;

/* Version 9.2 */

proc mapi nport
datafile="./zt37_d00. shp"
out =mymap9z;
id zcta;

run;

In the SAS-provided map data sets, if there are areas (polygons, such as states, counties, etc.) that have more than
one piece, each piece has a different ‘segment’ number in the map data set, and PROC GMAP knows to “lift the
pen” when drawing between each segment (i.e., the separate segments are not connected with a link.) For example,
the multiple islands of the state of Hawaii in the MAPS.US data set are not connected with lines. In 9.1, PROC
MAPIMPORT generally made all the map areas have the same ‘segment’ since it had no concept of which imported
variable was the ‘id’ variable. Therefore, as demonstrated in the 9.1 example above, when there were multiple areas
of the map with the same ‘id’, PROC GMAP draws a line between them, since it doesn’t know they are separate and
distinct segments of the same area. This results in the stray lines which make the 9.1 example look a little
‘cluttered.” To work around this problem in 9.1, you can post-process the imported map data set, and change the

segment numbers so that they are unique for each piece. However, it is hard to guarantee that the map will turn out
right.

In 9.2, PROC MAPIMPORT was enhanced to allow the user to specify an ‘id’ variable (similar to specifying an id in
PROC GPROJECT and PROC GMAP.) Now that PROC MAPIMPORT knows which variable is the id, it can intuit
how you want to draw the map, and therefore assign segment numbers that are unique for each segment. Now the
9.2 Zip Code map doesn't have the stray lines that were present in the 9.1 version.

MAPSONLINE

MAPSONLINE is a SAS-provided web page with a number of useful tools regarding mapping, including map data
sets and updates, related data sets (such as SASHELP.ZIPCODE and WORLDCTS), and sample programs.

http://support.sas.com/rnd/datavisualization/mapsonline/

/7 SAS Maps Online - Windows Internet Explorer = ] 55
=316 P i s / o Googl s
@(:3 |'S nttpsjjsupportsas,comjmd/datavisualizationjmapsonine; =] &3 |4 [coog O]
J File Edit Vew Favorites Tools Help H Links >
| Google |G |e0d 5 & D B v | §¥ sockrerkow | onups okey | ' Check v % Autolink v - Auterl () settings
'.‘i? Gl 5 SAS Maps Online I | w’:h il SRS [[]page + Jf Tools ~ =
support.sas.com KNOWLEDGE BASE SUPPORT LEARNING CENTER COMMUNITY
pport B
KNOWLEDGE BASE / FOCUS AREAS Print | E-mail | Bookmark
FOCUS AREAS "
Welcome to SAS Maps Online
© Base 5AS
T SAS Maps Online shows maps for areas throughout the world. You can easily locate and identify specific regions in
Ea:ﬁ gt each of the following categories: world maps. continents. countries. and maps of political groups
Rescurces
The Audience...
This application is directed at a wide range of map data users: SAS/GRAPH customers, educators. students and
Map users in general
s SAS/GRAPH Customers can find out what map data sets are provided with SAS Software; can download data
updates that have become available since our last product release, sample SAS/GRAPH programs that use
the map data, GIF images for the maps shown, and other useful tools.
Lo Products e Cducators and Students can use this site to locate and identify the countries of the world
e Other MAP Users can use this site as a resource for map data providers and for locating countries of the
© Enterprise Management waitid
Integration
: Maaton The Data...
*Scamhilty 8 Perfotmirics The boundary files available with the Application are stored in the SAS Transport format and must be converted by
e Statistics & Operations Research running the CIMPORT procedure using the VERSION INDICATED or a HIGHER VERSION of the SAS System. The
& SAS AppDev Studio boundary files are made available to the SAS community on an "as is” basis. Unless otherwise indicated. the map
images represent maps available with the Release 8 2 version of SAS software il
The Application...
Check out MapsOnline Website 5
[T T T | |@mntemet H10% + g
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The examples shown in this paper use the SASHELP.ZIPCODE, SASHELP.MAPFMTS, WORLD, and WORLDCTS
data sets. It is important to note that the updates in MAPSONLINE are NOT VERSION SPECIFIC. The files will

work with versions 8.2 and up. They are provided in CPORT transport files to facilitate use across versions and
platforms.

SAS 9.2 ships with the latest versions of the SASHELP.ZIPCODE file, SASHELP.MAPFMTS file, and all SAS-
provided maps. These files do change over time (as shown in the first example below) so it is important to visit
MAPSONLINE on a regular basis to download newer versions of files, or, you may wish to download an older file
which matches the timing of your response data. For example, the SASHELP.ZIPCODE file is updated on a
quarterly basis, with the latest version as of the writing of this paper posted in April 2008. The latest and greatest
SASHELP.ZIPCODE and SASHELP.MAPFMTS files are obtained under ‘Misc Updates.’

/2 SAS Maps Online - Windows Internet Explorer O] =] |
~ | | & http:/fsupport, sas..com fmd/datavisualizationmapsonline him misc. html iy 4] [ soogic o

J File Edit View Favorites Tools Help “un‘s i

| Google|[C- el @ S D B - | 7% scokmaksr Fiamsblocked | T check v § Autolink |- Auer s Sendtor () Settingsv.

T8 SF ]5AS Maps Orine | | fi) « B - - Cleege - (G fods =

suppart.sas.com > Communities > Data Visualization Community - Navigate our Site - =
Maps Online Downloads = Misc. Updates Ssas,

Home Maps What's New Downloads Resources

Version 6.12

Note: After downloading and unzipping these tables you must take them out of transport format by running the
Maps

CIMPORT procedure using the VERSION INDICATED or a HIGHER VERSION of the SAS System. e

Version 8.2
Maps

MName Description Date Added Sk
= Version
Country Map
Data Updates Zipcode s New zipcode dataset, for July 2007, contains 41,763 observations and
£ipgoce 18 variables. Includes a new dataset ZIPMIL containing APO and FPO » Jul2007 Ve
Misc Updates Dataset
zips.Source: zipcodedownload.com July2007.
(Eséimudsa St;t;a Zincode # Discrepancies in lat/longs updated, for April 2007. Also includes a new
< Y Lpeee dataset ZIPMIL containing APO and FPO zips. Source: * Junzo07? V8
- Dataset .
Geocoding zipcodedownload.com June2007.
« Missing cityfips for Jacksonville, FL added
USCITY 2 : z :
Datasat Mote: Although this dataset will be officially released with SAS Version 9.2, | # July2007 | V8
this copy is stored in a version 8 format that is accessible to SAS V8 users
and beyond.
« The 3 datastes were re-projected when USCITY was updated
us « Variable STATECODE added
us, 3
e — « Data added for Puerto Rico
—LUSC.ITY = Apr2007 Ve
Datasets Note: Although this dataset will be officially released with SAS Version 9.2,
this copy is stored in a version § format that is accessible to SAS V8 users
and beyond. |
[one T T T T [ @ mtemet 0% v
Location of 21523 Location of 27523
i Version .1 sashei apoode in Wemsion 5.2 sxshelp. sipoode
L
L
Beamial « LIS Foshil Seraes sormeiimes e aisigns spdsdedl Bewting| - LIS Posinl Sernces somelimpg ie-Daaagns Fossdes|




SAS Global Forum 2009 Posters

As can be seen in the examples above, Zip Codes are occasionally reassigned by the US Postal Service,
just to reinforce the need for maintaining an updated version of the SASHELP.ZIPCODE file. The two
Wake County maps demonstrate how Zip Code 27523 was used for the city of Eagle Rock (central Wake

County, NC) a few years ago, and as of the writing of this paper, it is used for the city of Apex (in western
Wake County, NC.)

Our second MAPSONLINE example uses the WORLD SAS map data set and the WORLDCTS (world
cities) data set. The WORLD data set will be present in your current SAS maps directory, but should be
updated with the version in MAPSONLINE. The WORLDCTS data set is available under Resources in

MAPSONLINE.

ﬂ; SAS Maps Online - Windows Internet Explorer !E[E
% - |é, http:/fsupport.sas.com/rnd/datavisualization /mapsonline fhtml fsampledata. html j @I lii |_ Sz !“Jﬂ

| Fle Edit Vew Favortes Tooks Help “ Links >
| Gocgle|G- e & & D B v | ¥ sookmarks> [ 333blocked | ¥ chedk v Autolink v | Ao |ep Sendtow () Settings.

= = =
5% HF | |5AS Maps Online | | f v B - v [lpage + (O} Tooks ~

support.sas.com > Communities > Data Visualization Community

Maps Online Resources > Sample Data

Home Maps What's New Downloads Resources

Sample Data NOTE: After downloading and unzipping these tables you must take them out of transport format by running the

Sample CIMPORT procedure using the VERSION INDICATED or 3 HIGHER VERSION of the SAS System.
Programs
e Date SAS
Tools Name Description A N
B iz SAS Data Table containing cities of the world. This table contains
1995 World Cities : it : :
(click to 54,924 records and 13 variables. The or|g|r_1al source of th|s_da1;a is 20Nov2001 | VE.2
download) RWDBII 1995, produced by the CIA's Mapping Division and distributed by ’
= o= the EROS data Center.
e Census 2000 PHC-T-4. Ranking Tables for Counties: 1990 and 2000, This
Population, 1990 : x g i 2 : 30MNov2001 V8.2
table contains 2,141 records and 2 variables.
and 2000
More to come...
i |
O O T - L100% - g

The example below is created by creating an annotate data base with light dots representing world cities
sized according to population overlaid on a world map (excluding Antarctica.) The world map is created
from the SAS-supplied world map data set, while the latitude, longitude, and population of world cities
comes from the SAS-supplied WORLDCTS (world cities) data set. There is no need to wait for version
9.2 to create this, or similar, data sets. The WORLDCTS data set is available for download from

MAPSONLINE now. This technique offers an excellent way to represent various statistics on a world-wide
basis.
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NEW MAPS AVAILABLE FOR 9.2 (AND NOW ON MAPSONLINE!)

As noted above, SAS map data sets are updated on a regular basis. For 9.2 (and available now for free download
from MAPSONLINE) an updated WORLD map data set is available. This data set includes Cuba and Tasmania,
which were missing in the earlier version of the WORLD map data set. Please check MAPSONLINE regularly for
updates to your favorite map data sets. Apart from the WORLD map data set, Germany, Switzerland, Serbia,
Montenegro, and China are among the map data sets that have been updated in the past year.

V4.1 Maps.World V9.2 Maps.World

tir Couha i Tasmanis Cowtning Cuba and Tasmans
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CHOOSING MAP COLORS

SAS provides programmers with many options to use color to enhance SAS output. In addition, there are other
valuable resources to aid color choices and specifications while using SAS procedures. Ordinarily, maps (and
graphs) produced by SAS/GRAPH utilize colors and patterns in default lists unless specifically directed otherwise.
SAS programmers can specify their own color list, and/or specify a list of patterns. Colors can be expressed in a
number of different ways, including color name, RGB or Hex value, and HLS Value. Currently, there are a number of
ways to choose a color scheme for SAS maps. Colors for each “pattern” or “level” to be represented can be chosen
by hand; a tool such as Colorbrewer can be used to select colors; or %colorscale, a SAS-supplied macro, can be
used. If you choose by hand or use %colorscale, a color chart such as the one shown below (from SAS TS-688) is
useful.

Be £t yew Fgeries ook Hel
| Gaogle| G - et S 9 B | sockeis- T 12bodted | Wohed + 4 Aotk ~

G, T5-00C: T5-488 - Defining Colors usng e Vakies

steed by both

RGB Value HLS Value Sample Description

™

]

W
I=

MediumS)

GREEM

= m

- [ [ [ tntemer H00%

In the code sample below (choosing colors by hand), the response variable to be mapped has four levels, so four
pattern statements are supplied. Colors in this case are specified using names and abbreviations for names, but
could have been specified using RGB values, HLS values and Hex values.

/* define patterns */
patternl val ue=nsolid col or=vpag; /* abbreviation for very pale green */
pattern2 val ue=nsolid col or=vpab; /* abbreviation for very pale blue */
pattern3 val ue=nsol id col or=pi nk;
pattern4 val ue=nsolid col or=yel | ow,

The COLORSCALE macro (available for download on the support.sas.com website) can be used to determine a list
of colors in a gradient. The TOP and BOTTOM colors are required while a middle color is optional. The value N sets
the number of intermediate colors. The macro takes the following parameters:

e TOP: color displayed on top of the output

e MIDDLE: optional middle color; the gradient forced through this color

e BOTTOM: color displayed on the bottom of the output

¢ N: the number if intermediate colors

e DSN: name of the dataset that stores the colors.

e SWATCH: if "Y", display a sample of the colors.
Colors should be represented as RGB hex values, such as FFFFFF for white or 000000 for black. The color values
needed for this macro are the last 6 digits of the RGB values from a chart such as the one shown above. A sample
macro call is shown below. This would create a dataset called ‘anno’ which stores 5 colors ranging from white to
black. The %colorscale macro is around 200 lines of macro code, which must be available either through prior
invocation of the macro or in a stored macro library.
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%ol or scal e( 000000, , FFFFFF, 3, anno) ;
It is still handy to have a color chart around to choose the beginning, intermediate (if desired) and end colors.

Colorbrewer is a wonderful (free) website that allows you to choose color schemes “online.” One can choose the
number of levels (in the screenshot shown below, 5.) Then choose legend type (in this case, sequential.) The “step
3” box then offers a number of options for color schemes (a particularly attractive blue gradient scheme was chosen
in this case.) Directly below one can click on any number of color representation codes (in this case, HEX is shown.)
These codes can then be used in pattern statements as shown above. Colorbrewer is particularly handy if you will
be presenting maps online as you can see how the colors will look viewed online. There are many more features to
Colorbrewer than can be described here: a visit to the website is well worth the time (http://www.colorbrewer.org.)

7 Coborlirewer - Selecting Good Color Schemes. for Mage - Windows Intermet Explarer
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The 9.1 map above was created using %colorscale (but could also have been created choosing colors by hand or by
using Colorbrewer.) In 9.2, ODS styles are honored by the ‘server-side’ graphics devices (such as device=png, gif,
win, xcolor, etc.) and you can use the ODS styles to do gradient shading in PROC GMAP. (In fact, the default for
PROC GMAPs using ‘levels=" is to use gradient shading in 9.2.) All that is required to choose your start and end
colors is to modify the ODS template, as below.
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proc tenpl ate;
define style styles. grade;
parent=styles.listing;
style twocolorranp / startcol or=lightgreen endcol or=cornsilk;
end;
run;

Note that color names (such as cornsilk) and abbreviations (such as lig) can be used as opposed to using HEX
codes in %colorscale.

SAS/GRAPH DEFAULTS AND COLORS

Smaoth Fords, Longer Color List, PNG ouwlput

Y4 1 Dafaults va.2 Defaults

[
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In 9.1 and earlier, SAS/GRAPH used SAS/GRAPH software fonts by default. These fonts were the only ones
guaranteed to be available on all systems (Windows, Unix, Mainframe, etc). These fonts do not support anti-aliasing
(smoothing of the edges),and look somewhat blocky/jagged/stair step along curved edges of the letters. Also, the
default color list had about a dozen colors in it, and once a map or chart ran out of those colors in its patterns

it would cycle through the same colors, but use a different hatch-mark pattern.

In 9.2, nice smooth-edge fonts are used by default. These fonts are rendered with anti-aliasing, so they have
smoothed edges (rather than jagged/grainy/stair step edges). Rather than having a short color list and cycling those
colors through several cross-hatch patterns, a much longer color list is used in 9.2, and shades of those colors are
cycled through. You can always override the default fonts and colors, by specifying the fonts and colors you want -
but these new defaults help you get a much nicer-looking GMAP "out of the box".

Note that this particular example is a bit extreme - it would not normally be useful to plot each of the 50 states a
different color. This is "for demonstration purposes only!" :)

Colors in V9.2
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Prior to 9.2, SAS/GRAPH could only support 256 colors in a single graph. 256 might seem like a large number, but
remember that this not only includes the colors that you specify, but also the colors needed by SAS/GRAPH to do
things like anti-aliasing to make smooth-edged text (which basically uses several shades of the text color to fill in the
jagged edges around curved font surfaces.) Also, if an image or picture is used in the background this can consume
a lot of colors. A lot of colors are also used for things like the gradient shading on the sides of bar charts with
cylinder shaped bars.

The example above shows all the “named” SAS colors on one page. In 9.1, since only 256 colors can be
shown and there are more than 256 named SAS colors, you run out of colors towards the end. When you
run out of colors, the results are somewhat unpredictable. SAS simply reuses some of the already-
mapped colors, rather than the specified named color, when it runs out. In 9.2, an unlimited number of
colors (more than 16 million) can be used in a single graph. Note that you must use a device that
supports more than 256 colors, such as device=png. The standard in 9.1, device=gif, does not support
more than 256 colors. For this reason, the new default device for SAS/GRAPH is device=png in 9.2 rather
than device=gif in 9.1.

There are several default changes and other enhancements that require more than 256 colors in 9.2:

¢ Nice smooth-edged/anti-aliased fonts are used by default, rather than the old jagged-edged SAS/GRAPH
software fonts.

e Longer default color lists — rather than repeating the same colors with different patterns once a color list
was exhausted, in 9.2 the colors in the color list are repeated in various shades.

e ODS graph styles are honored in all devices in v9.2 (previously they were only supported by device=java
and activex). These graph styles frequently use images in the backgrounds, and some of these images
consume a lot of colors.

DISTANCE CALCULATIONS

The SASHELP.ZIPCODE described above can be used to enable SAS-written functions, to develop user-defined
formats, calculate distances between Zip Codes and to annotate SAS/GRAPH maps with information in the file. Itis
important to note if you do not have a current ZIPCODE file in your SASHELP subdirectory, these uses are not
possible!

9.1 SAS-written functions utilizing the SASHELP.ZIPCODE file include ZIPCITY, ZIPSTATE, ZIPNAME, ZIPNAMEL
and ZIPFIPS. For example, the ZIPCITY function takes ZIPCODE as its argument and returns a proper case city
name and a two character postal state abbreviation.

ZIPCITY('02138’) returns ‘Cambridge, MA’

ZIPSTATE('02138’) returns ‘MA’

ZIPNAME('02138’) returns ‘MASSACHUSETTS’
ZIPNAMEL('02138’) returns ‘Massachusetts’

ZIPFIPS('02138’) returns 25 (FIPS state code for Massachusetts)

The SASHELP.ZIPCODE file can also be used to calculate distances between Zip Code centroids in 8.2 and 9.1.
support.sas.com has provided an example of this use at http://support.sas.com/techsup/unotes/SN/005/005325.html.

/* calcul ate the distance between zip code centroids */
%racro geodi st(latl,longl,!lat2,1ong2);

% et pi 180=0. 0174532925199433;

7921. 6623*arsin(sqrt ((sin((&pi 180* & at 2- &pi 180* &l at1)/2))**2+
cos( &pi 180* &l at 1) *cos( &pi 180* &l at 2) *(si n( ( &pi 180* & ong2-

&pi 180* & ongl)/2))**2));

%rend;

10
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Cary, NC ~to— Baltimore, MD Cary, NC —to-- Baltimore, MD
777 Milas ZipCityDist[27513, 24202)
265.1 Miles

In 9.2, SAS builds on this functionality by adding new functions and procedures. In 9.1, SAS did not provide any
functions to calculate distance between longitude and latitude pairs, but this changes with the addition of the
ZIPCITYDIST() and GEODIST() functions in 9.2. ZIPCITYDIST() calculates the number of miles between 2 US Zip
Codes. GEODIST() allows the user to specify 2 sets of longitude and latitude coordinates, and calculates the
distance between the pairs. You can specify the units for the results, such as miles or kilometers. ZIPCITYDIST()
only works on US Zip Codes, while GEODIST() can be used for coordinates anywhere around the globe. The
example above shows the use of both new functions.

% et zipl=27513;
% et zip2=21202;

/* latitude and | ongitude coordi nates */

proc sql;

create table zipl as select * from sashel p. zi pcode where zi p=&zi p1;
create table zip2 as select * from sashel p. zi pcode where zi p=&zi p2;
select x into :longl from zi pl;

select y into :latl from zipl;

select x into :long2 from zi p2;

select y into :lat2 from zi p2;

quit; run;

%et cityl=%sysfunc(zipcity(&zipl));
% et city2=%sysfunc(zipcity(&zip2));

/* two new 9.2 functions */
% et zipdi st=%sysfunc(zipcitydistance(&zipl, &ip2));

% et geodi st =%sysfunc(geodist(& atl, & ongl, & at2, & ong2, 'M), comml0.5);

GRAPHIC OVERLAYS

There are various ways of using SAS/Graph to create output with the multiple areas of charts, maps, and/or text
(sometimes referred to as a dashboard). One common way is to use GREPLAY. Version 9.2 offers the ODS
Graphics Template Language (GTL). There are also occasions when it is necessary to overlay the output of one
SAS/Graph procedure on top of another rather than having the output of multiple procedures occupy its own space.
While this is easier in 9.2, with a little effort the same result can be achieved using 8.2 and 9.1.

The figure below is an example of a graphic produced using 9.1, showing show nine vertical bar charts overlaid on a
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map. Regional map boundaries are also overlaid over the state boundaries. This output was produced in two ways:
as a PDF file using the ODS option STARTPAGE=NEVER; as a PNG file using the annotate facility and the IMAGE
function.

1996 (2003

WEST NORTH CENTRAL.
SCHANGE 63.3

1896 2002

_MHDOLE ATLAN
%CHANGE 21

'

1996 2003

MOUNTAIN
%LCHANGE 50.9

1996 2003

EAST NORTH CENTRAL
%CHANGE 33.3

1998 2003
SOUTHATLAINTIC
%CHANZE 18.7

1996 2003

EAST SOUTH CENTRAL
%CHANGE 38.4

1996 2003

WEST SOUTH CENTRAL
% CHANGE 22.5

The data depicted in the graphic above comprise the change in the value of a variable from 1996 to 2003 in nine
different regions of the United States. The bar charts show the level of the variable in each of the two years together
with the percent change. PROC GCHART was used to create the bar charts, while PROC GMAP created the
underlying map. The entire program is included in the zip file on the Proceedings CD. Two different programs are
shown, one for creating PDF output, the other for creating PNG output. There are some tasks that are common to
the SAS coded used to create both output types. One of those tasks is to create the format used to group the states
into nine regions.

A format, ST2RG ( or 'state-to-region’), is created using a CNTLIN data set. First, a data set, ST, is created in which
each state plus the District of Columbia is assigned a region. Data set ST contains all the variables necessary to
create a format: FMTNAME, START, and LABEL. PROC FORMAT uses data set ST to create the numeric format
ST2RG. The next step is to use the format to create the region overlay (thick boundaries) for the map as an
annotate data set.

The US map data set is used (a SAS-supplied map data set). The format ST2RG adds a new variable to that data
set, REGION. The data are sorted by the new variable and PROC GREMOVE is used to create another map data
set, USGR, which contains only the regional boundaries with no internal state boundaries. The map data set USGR
is then transformed into an annotate data set name REGION_OUTLINE. The variables HSYS and SIZE control the
thickness of the region boundaries. With HSYS assigned a value of 3 and SIZE a value of 2, the thickness of region
boundaries is 2% of the graphics output area.

The map for either PDF or PNG output is created using a PATTERN statement, PROC GMAP, and the region
outlines from the annotate data set.

pattern v=ne c=gray98;

proc gnap data=maps.us (obs=1) nmap=naps.us all anno=regi on_outline;
id state;

choro state / discrete nol egend coutline=gray98;

run;

quit;
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The SAS-supplied US map data set is used as both the DATA and MAP data set. The use of only one observation
from the DATA data set in combination with the ALL option is an easy way to create a map that shows only outlines,
in this case those of states. The PATTERN statement in combination with the COUTLINE option in PROC GMAP
specifies that the states be outlined in light gray. The region outlines in the annotate data set are added with the
ANNO option.

The SAS code thus far is common to producing both PDF and PNG output. The remaining task of overlaying the bar
charts requires a different approach for the PDF and PNG output. A vertical bar chart is created using PROC
GCHART with a VBAR statement. Assume you have a data set TPAY that contains the following numeric variables:
REGION (values 1 though 9); X (value in 1996 and 2003 to be shown in the bar chart); TIME (a variable with the
value1996 or 2003). To produce a bar chart for one region (New England) similar to that shown in figure x, the
following statements can be used.

proc gchart data=t pay;

where region eq 1;

vbar tine / type=mean discrete sunvar=x nean;
run;

quit;

Some customizing is needed to achieve the look of the bar charts in figure x. That is accomplished using AXIS

statements.
axi s1 | abel =(' NEW ENGLAND j=c ' %CHANGE 48.7') ;
axi s2 | abel =(' M DDLE ATLANTI C j=c ' %CHANGE 21.1') ;
axi s3 | abel =(' SOUTH ATLANTI C j=c ' %CHANGE 18.7') ;
axi s4 | abel =(' WEST NORTH CENTRAL' j=c ' %CHANGE 63.3') ;
axi s5 | abel =(' EAST NORTH CENTRAL' j=c ' %CHANGE 33.3') ;
axi s6 | abel =(' EAST SOUTH CENTRAL' j=c ' %CHANGE 48.4') ;
axi s7 | abel =(' WEST SOUTH CENTRAL' j=c ' %CHANGE 22.5') ;
axi s8 | abel =(' MOUNTAI N j=c " %CHANGE 50.9') ;
axi s9 | abel =(' PACIFIC j=Cc " %CHANGE 23.9') ;

axi s10 order=0 to 20 by 5 | abel =none val ue=none styl e=0 naj or =none ni nor =none;

proc gchart data=t pay;

where region eq 1;

vbar tine / type=nean di screte sunvar=x nean raxi s=axi s10 maxi s=axi sl;
run;

quit;

An AXIS statement is written for each region that controls the text that appears on the midpoint axis (MAXIS option,
or the x-axis at the bottom of the chart). A different AXIS statement is used for each region. A tenth AXIS statement
is used for each chart to control the appearance of the response axis (RAXIS option, or y-axis at the left of each
chart). On the response axis, all text is suppressed (LABEL and VALUE options) and no lines are drawn (STYLE,
MAJOR, and MINOR options).

Without any control of size or location, the above statements produce a bar chart that fills the entire graphics output
area. Figure x requires that the bar charts are reduced in size and are placed in different locations on the map. Both
the size and location of the charts is controlled by a GOPTIONS statement. The "New England" bar chart shown in
figure x can be sized and drawn in the proper location if the following GOPTIONS statement is used prior to using
PROC GCHART.

goptions hsize=2.5 in vsize=2.5 in horigin=8.75 in vorigin=6.75 in;

The bar chart will be drawn within a 2.5 inch square (HSIZE and VSIZE controlling horizontal and vertical size) with
the lower left corner of that square being 8.75 inches from the left and 6.75 inches up from the bottom of the
graphics output area (HORIGIN and VORIGIN controlling the horizontal and vertical location. All nine bar charts will
be the same size, but the location varies. For an individual bar chart, the GOPTIONS statement can be placed
inside the PROC GCHART code.

proc gchart data=t pay;
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goptions horigin=8.75 in vorigin=6.75 in;

where region eq 1;

vbar tine / type=nean di screte sunvar=x nean raxi s=axi s10 maxi s=axi sl;
run;

quit;

The only portion of the above SAS code that changes when creating a bar chart for another region is: the WHERE
statement; the value of the MAXIS option; the values used for the HORIGIN and VORIGIN options. This is a good
time to use a short macro to avoid having to repeat nine times the writing of slightly modified SAS code.

%racro bars(reg, h,v);

goptions horigin=&h in vorigi n=&v in;

where regi on eq &reg;

vbar tine / type=mean di screte sunvar=x raxis=axi s10 maxi s=axi s& eg nean;
run;

%rend;

The values for the region, axis, and location are replaced by macro variables. The code to produce all nine charts in
the proper locations is reduced to:

proc gchart data=t pay;

Y%bars(1,8.75,6.45) Ybars(2,7.75,4.90) %ars(3,7.50,3.00)
%bars(4,4.00,5.00) %bars(5,6.00,4.25) %ars(6, 6.10, 2. 50)
Y%bars(7,4.00, 1. 85) %bars(8,1.95,4.20) %ars(9,0.00, 2.00)
quit;

The final detail is how to overlay the bar charts on top of the map. For the PDF version of the graphics output, this is
accomplished using the ODS statement

ods pdf file="z:\map_bars. pdf' notoc startpage=never;

prior to drawing the map with PROC GMAP and the bar charts with PROC GCHART. The ODS statement directs
graphics output to a PDF file. The NOTOC option suppresses the placing of a bookmark in the PDF file. The
STARTPAGE option with a value of "never" requests that all graphics output produced prior to the closing of the PDF
file be drawn on the same page. The only details that remain are handled with a GOPTIONS statement.

goptions reset=all ftext="Helvetical/bo' htext=3.5 gunit=pct ctext=blue |Ifactor=3;

Since the graphics output will be a PDF file, a bold-Helvetica font is used. The height of all text (unless otherwise
specified) with be 3.5% of the graphics output area and will be blue. Since lines drawn in PDF files tend to be quite
thin, the LFACTOR option is used to increase the width of all lines drawn with PROCs GMAP and GCHART. The
entire SAS job with all the pieces in place is shown in the zip file on the Proceedings CD, and the approach taken to
create the map shown above as a PDF file can be summarized as follows.

#1 specify the 'look’ of the text and lines with a GOPTIONS statement
#2 use an ODS statement to direct graphics output to a PDF file

#3 draw the map, annotated with region boundaries, using PROC GMAP
#4 draw the bar charts using PROC GCHART

Though creating figure x as a PNG file has much SAS code in common with that use to create a PDF file, there are
also a number of differences. Since there is no equivalent to STARTPAGE=NEVER for bit mapped graphics output,
another method must be used. Rather than using PROC GCHART to create bar charts that are drawn on top of the
map, PROC GCHART is used to create GIF files, or images, that are placed on top of the map using an annotate
data set.

Creating one bar chart as a GIF file can be done with the following.

goptions reset=all device=gif gsfnanme=gout transparency xpixel s=600 ypi xel s=800
| factor=3 ftext="Arial/bo" htext=6 ctext=blue gunit=pct;
filename gout "z:\barl.gif";
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proc gchart data=t pay;

where region eq "1";

vbar tine / type=nean nean di screte sunvar=x w dt h=25 space=10;
run;

quit;

The GOPTIONS statement specifies the GIF device driver and indicates that graphics output for any subsequent
procedures is to be directed to the FILEREF GOUT. The remaining options control the appearance of the bar chart.
The most important of these is TRANSPARENCY. This provides a "see through" background for the bar charts so
the map may be seen underneath. A FILENAME statement associates an external filename with the FILEREF
GOUT. PROC GCHART is similar to that used when creating PDF output. The only additions are a WIDTH and
SPACE option to control the appearance of the bars.

This code must be repeated nine times, once per region. As with the PDF file, this is a good time to use a macro to
reduce the amount of SAS code to be used.

%racro bars(reg);
where regi on eq &reg;
filename gout "z:\baré&reg..gif";
vbar tine / type=mean nean di screte sunvar=x
raxi s=axi s10 naxi s=axi s& eg w dt h=25 space=10;
run;
%rend;

The FILENAME statement is moved inside PROC GCHART and allows the output to be directed to a different file
each time the macro is used. The one macro variable &REG chooses the region (WHERE), directs the output
(FILENAME) and selects the correct AXIS statement (MAXIS). The AXIS statements are the same as those used to
create the PDF output.

proc gchart data=t pay;
Y%bars(1l) Y%bars(2) Ybars(3) Y%ars(4) Ybars(5) Y%ars(6) Ybars(7) Y%ars(8) Ybars(9)
quit;

The next step is to use the GIF files in an annotate data set. We can add one image (the GIF file with the bar chart
for region 1) to an annotate data set as follows.

% et xsize=14;
% et ysize=28;

dat a annobars;

I ength function $8 ingpath $30;

retain xsys ysys '3'" when 'a' style 'fit';
imgpath="z:\bar1.gif";

functi on='"nove'; x=84-.5*&xsize; y=80-.5*&ysize; output;
function="inage'; Xx=x+&xsi ze; y=y+&ysi ze; out put ;
run;

The macro variables &XSIZE and &YSIZE allow you to ‘experiment’ with how the bar charts appear without having to
modify subsequent SAS code that creates the annotate data set ANNOBARS. Understanding all the abilities of an
annotate data set is beyond the scope of this paper. For now, it is enough to understand that placing an image on
top of graphics output requires a number of options: WHEN is specified as after (A) the procedure output is created;
STYLE specifies that the image be fit into the assigned space rather than tiled; IMGPATH specifies the external file
that contains the image. Setting XYSY and YSYS both with a value of 3 means that any values involved in setting
the position of the image are expressed in percentage of graphics output area (remember, with the PDF out, the bar
charts were positioned using inches, not percentages. Once again, this operation must be repeated none times, so
yes, another macro is used.

%racro i mage(reg, x,y);
function="nmove'; x=&x-.5*&xsize; y=&y-.5*&ysize; output;
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imgpath="z:\bar&eg..gif";
function="inage'; x=x+&xsize; y=y+&ysi ze;
%rend;

out put ;

dat a addbars;
I ength function $8 ingpath $30;
retain xsys ysys '3'" when 'a' style 'fit';

% mage( 1, 84, 80)
% mage( 4, 50, 65)
% mage(7, 47, 35)

% mage( 2, 75, 67)
% mage( 5, 63, 58)
% mage( 8, 32, 60)

% mage( 3, 74, 42)
% mage( 6, 64, 39)
% mage( 9, 13, 46)

run,

The final step is to draw the map with bars added using the annotate data set. Notice that two annotate data sets

are used, one with the region outlines and the other with the bar charts.

gopti ons devi ce=png xpi xel s=2500 ypi xel s=1800;
patternl v=ne c=gray88;

/* Add sone space on the top, left,
titlel |s=5;

title2 a= 90 |s=8;

title3 a=-90 |s=8;

and right */

filename gout 'z:\map_bars. png';
proc gnap data=us (obs=1) map=us all
id state;

choro state / discrete nol egend coutline=gray98 anno=addbars;
run;

quit;

anno=r egi on_out | i ne;

Both of these methods (PDF and PNG) work with this particular example in SAS version 9.1. However, in 9.1, there

are some problems when annotating SAS/GRAPH output with the IMAGE function.

Sometimes the transparency

option of the original image is ignored and annotated images appear with solid backgrounds. Also, images are

sometimes a bit grainy. Both of those problems are fixed in 9.2.

Annotating GChart images on a GMap

¥ Ly Soaan] Rond Masasarel DSkl
: i : E.". -
l" - il n'l
. .
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Annotating GChart images on a GMap

V2 Sowri hinod Tansgaeend Backgeousd

Both the example above and the example below (look familiar?) demonstrate the ability to use annotate images with
transparent backgrounds in 9.2. In 9.1, you could use the ‘image’ function to annotate an image (such as the image
of a bar chart) onto a GMAP. Even if the image had a transparent background, that transparency was not honored
by GMAP and ANNOTATE, and the background of the annotated image showed up as a solid rectangle, obscuring

the map.

data anno_pl ots; set anno_plots;
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length function style $8 htnml $1024;
retain xsys ysys '2' hsys '3 when 'a';

html =
"title="||quote( trinm(left(name))|] " ")I|" "||
"href="http://ww. googl e. con sear ch?q=dat a+about+' | |'+" |[|trim(left (] owcase(nane)))]| |

functi on=' nove'; output;

xsi zer =500;

ysi zer =375;

X=X- XSi zer; y=y-ysizer; output;

imgpath=trinm(left(plotnanme))||'.gif'; style="fit';

function="inmage'; x=x+(xsizer*2); y=y+(ysizer*2); output;
run;

In 9.2, transparency in annotated images is honored. Therefore, when you annotate them on a GMAP, the
rectangular background of the image does not obscure the map. This really helps your annotated images blend in
with the GMAP and you can achieve some very nice special effects with this capability! Note: in creating the plots
(bar charts) used to annotate the GMAP, use GOPTIONS TRANSPARENCY as shown below.

GOPTI ONS DEVI CE=gi f ;
goptions transparency;

ODS LI STI NG CLCSE;
ODS HTM. pat h=odsout body="&nane..htnt (title="Plots");
gopti ons noborder;

gopti ons xpi xel s=100 ypi xel s=75;
gopti ons chack=white;
goptions gunit=pct htitle=1 htext=15 ftitle="arial" ftext="arial";

axi s1 | abel =none ni nor=none order=(0 to 80 by 20) offset=(0,0) value=(t=1"");
axi s2 | abel =none mi nor =none of f set =( 15, 15);
patternl v=s c=gray88;

proc gchart data=ny_data (where=(continent="North Anerica'));
vbar year / discrete
t ype=sum sunvar =val ue
wi dt h=15 space=12 coutl i ne=bl ack
raxi s=axi s1 nmexi s=axi s2 noframe
nane="na_plot";
run;

This same technique can be used to create the 9.1 PDF/PNG transparency map shown above and below in a PNG
map in 9.2 (shown below.) First GIF bar charts are created with transparent backgrounds using GOPTIONS
TRANSPARENCY, and then those bar charts are annotated on a GMAP.
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Another 9.2 PNG map example (below) is based on one of Robert Allison’s samples. This sample incorporates a
number of the techniques described above, and more. Unlike the examples above which both use annotate to
produce the overlay effect, this example uses GREPLAY instead. It also utilizes a relatively obscure SAS-provided
dataset, SASHELP.MAPFMTS, to produce current world country names matching the world map data set. Full code
for the sample is available on the Proceedings CD: a salient “snippet” follows.

To use one of the formats for maps, you must specify the SASHELP.MAPFMTS catalog on the FMTSEARCH=
option on a SAS OPTIONS statement:

options fntsearch=(sashel p. mapfnts);

data wor k. wor | d;
set wor k. worl d;
length country nanme $20;
country_nanme=put (country, glcnsm);
country_name=pr opcase(country_nane);
run;

For more information on SASHELP.MAPFMTS, see

http://support.sas.com/documentation/cdl/en/graphref/59607/HTML/default/a002230502.htm

Other features of the program are use of PROC TEMPLATE to define colors used in the GMAP procedure as
discussed above, reduction of the map area and density using PROC SQL; a PROC GMAP (using nodisplay) to
create the underlying map; a PROC GCHART to create the overlay bar chart (again using nodisplay), and a PROC
GREPLAY to display both images in the same space. The HTML file accompanying the PNG file has additional
functionality. Mousing over the colored countries provides additional information on breastfeeding rates and GNI in a
tooltip for each country.
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Decline in Exclusive Breastfeeding from 0 to 5 Months
(based on DHS data)
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CONCLUSION

SAS/GRAPH and ODS provide SAS programmers with tools to create attractive and informative maps. Among
these tools are: SAS-supplied map data sets; PROC MAPIMPORT which enables use of external map data sets;
functions and procedures; helpful utility files; and numerous samples including macros, programs and data. SAS 9.2
facilitates the creation of maps that make people say “Wow! You made that map with SAS/GRAPH?”
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