Generating Thematic Maps with Proportional Shading and Graphical Annotation
Larry Hoyle, University of Kansas
Institute for Public Policy and Business Research

Overview

SAS' provides a number of drivers for devices
capable of nearly continuous shading. Some of these
devices are commonly available. These include PostSeript
printers and VGA displays. PostScript output can also be
previewed on UNIX workstation displays and sent to high-
quality typesetters. This paper describes one application
which takes advantage of these devices’ capability -
generation of choroplethic maps with shading proportional
to some value.

The example used in this paper will show the
mapping of population figures for the states in the
MWSUG region. This map was prepared using SAS 6.04
under MSDOS on a 386 system with VGA display. The
printed map was previewed on an Apple Laserwriter and
final copy was produced on a Linotronic 300.
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If the map is to have state names or values listed
you must first make an annotation file. Since this file may
be used for a number of different maps it may be efficient
to make it a permanent SAS dataset. Making an annotation
file for a new collection of regions (eg. counties or states)
will probably take a few iterations to get names positioned
just right. A simple technique gives a good first try, and
then labels can be adjusted individually.

Once the annotation file is built, the mapping of
a variable can proceed. The first step in the mapping is a
(mathematical) mapping. SAS provides several color spaces
which can be used for proportional shading. The RGB,
HLS and GRAY color spaces all provide enough levels of
shading to shade proportionally. For the devices used in
this example the GRAY scale was appropriate since none
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are color devices.
If the variable to
be mapped is
highly skewed, it
may be
transformed
before using it to
shade, but in
many cases a
linear mapping
is acceptable.

Table 1

shows some
sample values
mapped firstinto &
a set of integers 130l 1
which are then mapped into proportional shade values.
The last column shows shade values which might be
assigned using a fixed oolor list. In the latter case each
state still gets a unique shade but the difference in shading
between the first and second state is the same as the
difference between the second and third state.

Notice that in the proportional shading column
the lowest value maps into the highest gray value used,
grayF1. GrayFF is supposed to be white and gray00 should
be black, but with some drivers the colors near the ends
may not be what you'd expect, The lowest gray value used
here is gray20 which is almost black If absolute black is
used, the state borders can disappear between adjacent
dark regions.

Kansss County Aversge Precipitation (Inches), 1951-80

Figure 2

Generating proportional shading invoives writing
out the shading values to be included into a COLOR
statement later in the SAS program. This color statement is
then cycled through for one PATTERN statement to shade
the regions.

At this point a simple shaded map can be
generated with proc GMAP (see Figure 2.) This map may
be annotated with names and values. One might also use
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the annotation facility to display the distribution of the
variabie.

If the shading variable is part of a time series,
then it may also be informative to display a trend line
within each region, This line can be added to the
annotation without too much effort. Figure 1 shows trend
lines for population from 1940 to 1990 above each state
name. Figure 3 shows a detail from that map.

Line graphs show the 1940-1990 trend.
Figure 3

Building the Basic Annotation File

Listing 1 shows the SAS program which generates the
annotation file which places state names within each state.
A data step produces the dataset MWSTATES which
contains the state FIPS code and the mixed case name of
the state. A PROC SUMMARY then creates a dataset
MWMINMAX with the minimum and maximum values for
the x and y variables in the SAS supplied state boundary
file for the states to be mapped. These two files are then
merged into the permanent annotation file for this
collection of states. The standard annotation variables are
added during this last data step, as described in the
SAS{Graph’ Software manual.

Table 2 One Record I-‘roﬁ
MAPS.MWANNO

Listing 1
e ‘!

7 MKANO makes the annotation fils used by the mapping program. */
1t reacls & st of states 1 be included, along with their */

F mixed case names. A separaw annciation L is needed for  */

7 each region ¥ be mappad, ]

 Lany Hoyle, University of Kansas, iPPER )

r x|

r x

P Firstread in the list of siates in the rsgion. “
I *

DATA MWSTATES;

LENGTH STATE §;

INPUT STATE STNAME 320..

CARDS;

17 lirois

18§ Indiana

19 bowa

20 Karsas

28 Michigan

27 Minnssata

29 Missouri

31 Nebraska

38 North Dakota

39 Ohio

46 South Dakots

55 Wisconsin
* *f
7 Read the siaie boundasies SAS pravides (MWSUG STATES ONLY). ¢/
F Compute the axtrama for the states. *

r t
PROC SUMMARY NWAY DATA-MAPSUS;
WHERE STATE IN(17.18,19.20.26,27,29.31 ,38,38,46,55);
CLASS STATE;
VAR XY
OUTPUT OUT=MWMINMAX MIN=MiNX MINY MAX=MAXX MAXY;
r !
/ Add the vasiables which make an annotation file o
r )
DATA MAPSAMWANNG;
MERGE MWSTATES MWMINMAX;
BY STATE:
DROP STNAME;
LENGTH POSITION § 1;
LENGTH FUNCTION § 8;
LENGTH STYLE $ §;
LENGTH WHEN $ 1;
LENGTH X 8;
LENGTH Y 8;
LENGTH XSYSS$ ¥;
LENGTH YSYS § 1;
LENGTH HSYS $1;
LENGTH TEXT 8 12;
FUNCTION="LABEL";
£ PUT STATE NAMES BELOW AND LEFT ALIGNED */
ANNOTYPE='NAME";
POSITION=9",
STYLE='NONE";
TEXT=STNAME; '
WHEN='A", * Annotate after shading. o
XSYSe?, £ X and y coordinam system s ¥/
YSYS.?2,; F within the data area ‘f
HSYS«Y; * SIZE s percent of total screan. °/
STE=1.75;
LINEst;  thinline ]
DROP _TYPE__FREQ
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The x and y variables are initially adjusted relative to the
minimum and maximurn values for x and y in the 5AS
boundary file. To put the names in the upper left corner of
each state add about 7% of the state width {maximum of
x minus minimum of y) to x and subtract 7% of the height
from y. After displaying the map for the first time,
additional adjustments will be needed. If you continue to
adjust as a proportion of the state height or width then
scaling will not change the relative placement within the
state. For states too small for a label, the label can be
placed outside the state and a line between the state center
and the {abel can be added to the annotation file. An
exampie of code which will generate such a line is
included as a comment at the end of Listing 1.

Shading the Map

The macro SHADES generates the color list which
is the key to being able to shade proportionally. Other
color schemes than grayXX can be used by changing the
“shade =" statement in the macro. For a color device you
could use a continuum ranging from yellow-brown at one
end to bright green at the other to represent something like
rainfall. This could be done with an appropriate equation
using the RGB color space. The same "shade=" statement
could be rewritten to switch the direction of gray shading
from highest value is darkest to highest value is lightest.

The map program displayed in Listing 2 begins
with two macro variables. The first, ANNOFMT, sets the
format for values displayed in the states. The second,
SCALFAC, is used to scale the size of the graph within
each county. A filename statement selects the file to which
the PostScript will be written. Title and footnote statements
foltow the filename statement.

XaMINX + (MAXX-MINX* 07;
Y=MAXY - (MAXY-MINY}* 07, /7 7% SOUTH OF NORTH EDGE
I MAKE ADJUSTMENTS FOR ODD STATES */

F 00 « 17 THEN X = X + (MAXX-MINIG® 30; 7 ILLINOIS */
F siale « 19 THEN Y = ¥ - (MAXY-MINY)".0; ~ INDIANA */
F staim « 28 THEN X « X « (MAXX-MINX)*.50; #* MICHIGAN */
F w28 THEN Y = Y - (MAXY-MINY)".50;
F 5o « 20 THEN ¥ = ¥ - (MAXY-MINY)'.05; 7 KANSAS  */
F sl « 27 THEN ¥ « Y - (MAXY-MINY)".07; * MINNESOTA /
F s} « 20 THEN X = X+ (MAXXC-MINXY".15; 7 MISSQURI *f
Fsmie 3 THENY « Y - (MAXY-MINY)'20; # OHIO
F 31010 = 56 THEN X = X + (MAXX-MINX)*.05; # WISCONSIN 7
F su o 55 THEN Y = ¥ - (MAXY-MNY)"10:

/* WRITE OUT THE STATE LABEL
QUTPUT;

7% EAST OF WEST EDGE "

o

# THEN DRAW ANY LINES TO EXTERNAL LABELS "/

r 2
P IF stz « 7? THEN DO x|
SEZE-1; LNE=2; "

ValMAXYSMINYI2WMAXY- MINY20;
OUTPUT; :

i {
FUNCTIONDRAW'; XaMAXX-AMAXX-MINX)".15; i
YaMAXY +(MAXY-MINY)" 15; N
HEYSe'Y', QUTPUT: "t
END; )

b T Y Y T T Wi T T

PROC PRINT;
RUN;

FUNCTIONa MOVE'; Xa(MAXX+MINX2-(MAJX-MINX)*.25; r

Listing 2
r

*t

' PB0OOMW.SAS makes a proportionally shadsd map of the MWSLG states."

£ Daw 4 from the U.S. Cennsus. Staiew are shaded in proportion to ¢/
1* papulation change from 1980 10 1990. The annotation includes a  */
* graph ol change over 5 decades for sach Stale. 'f
I Tha program croa1os 1hese temporary datasets: Wi
#  RAWPLUS - the user dalaset with shading variables added. -~ */
I PREANNG - the annatation file with vaiues, names, and graphs /
F MWSUG -the state boundaries for the MWSUG region )
£ Tha ourwt PosiSerpt fie s named with the flename GRAFOUT
I* Lamy Hoyle, Univarsity of Kansas, i
7 inatinse for Public Policy and Business Rasearch 4
rf— - *f
%global- annofmt scattac; .

* *%global locokor hicalor; */

%lot sanoimiaB.1;
%isl cakac=0.0014;  /* SCALFAC scales the size of the line graph */
£ it may ba set miative 1o the height of
7 avemge sum. *t
filorame grafout ‘mwaug ps';

1itw1 haB pet' "

1itie2 Fenone Cadiack Hel

" % Poputation Change, 1980 to 1990 U.8. Ceneus’;
100tnow1 hed ceblack f=rone

* States are shaded by 1350 lo 1950 % change {iisted below stale name).’
' Line graphs show the 1540-1550 trend. *;

footnoieZ fanons cebiack he3

‘Data from U S. Consue’;

footnoled he10 pet ¢=black * *; / required % place map on page */
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SHADES can take 5 arguments. The variable used
for shading and the dataset containing it are necessary. A
separate variable can be specified as a label variable. This
is useful in cases where shading is proportional to a
transformation of the variabie of interest. The final two
macro variables specify the lowest and highest (decimal)
values to use for a color. These can be used to adjust for
some of the drivers with odd sequences of shades at the
low and high ends, or to adjust overall lightness of the
map.

f-ble3 The Contents of File
Shades

The macro creates a dataset named RAWPLUS
which is the input dataset with 4 variables added. The new
variable RVAL is a copy of the variable the user selects to
use for shading. The variable IVAL contains the integer
value which corresponds to the shade for the real value,
IVAL is used by PROC GMAP as the discrete grouping
variable. The variable LABLVAR is used in a following
data step to annotate the map with values of the shading
variable. If a variable name is not specified for LABLVAR
when the macro is invoked, LABLVAR is given the name

of the shading variable. The variable SHADE contains a -

string which specifies the grayXX value for the state.
Adding these variables to the dataset ailows the SAS code
which follows the macro to be independent of the names
of the actual input dataset and shading variable.

The macro also writes a file named SHADES
which contains the unique grayXX values for the color
statement which follows invocation of the macro. The list
of values is included back into the stream of SAS code
when needed.

Following the macro definition in Listing 2 is a
data step which reads the values to be mapped. These
values are U.S. Census Tatal Population from 1940 to 1990.
Percent changes from 1940 to each other year and from
1980 to 1990 are computed. Invocation of the macro
SHADES follows this data step.

" Graphics options follow the invocation of the
macro SHADES. The most crucial of these options is the
COLORS=( statement into which the color list from
SHADES is %included. This list defines the sequence of
colors PROC GMAP will use when shading the map. Since

F generaie & continuous shaded map °/
. *
I* macm SHADES : i
1 This macro is used lor generating "continuous shadod™ mapa.h mape */
1 & variable ino integens in the right ranga for gray coloms for  */
& PostSeript priommr. It alsa generuies & st of color rames.
1 inpues are: ki

varm  the variable 10 use for shading. *
labivars the varisble to prinl in sach state. i
datme  the data set containing theae variables i
loshades the lowest shede vakue I use Vi
hishades the highest shade vakie 10 Use I

Outpust s a dataser named RAWPLUS with the original variables pius:*/
rval  the value of the shading variable {mal} V)
labivar the vaibe 10 be usad for labaling ]
wal  ~val mapped ome the inerval loshade<->hishade */
shade the "GRAYxx" calor value I be used "
and an cutput file named SHADES with values for a COLOR siasement */
- "

b T e e e T B e T e T M

%macro shades(var=, lsbivars, dalse, loshadea32, hishadem24t);
£ %et locolor=Sloshade; */
7 %iat hicolor=&hishade; */
%4l “engthikiabivariel %then %do;
ot lBdivar = Bvar;
wend: £ %i Wongthisiablvar) */

proc sort dataskelata; by &var:

proc summary data=kdate:
var Svar;
oupul SksMinmax min{vary«xmin max(Avar)s=xmax;
proc print dalasminmax;
wn;
data wplus;
sot Sdata;
# _r_ =1 then set minmax;
drop type_; I *t

£ RVAL contains the real vaiue of the plot  “/
rvaledvar; £ vadable lo be used for sorting. 7

£ LABVAL contains & value for abaling. 7/
labivaidiabivar; 7 IVAL containg the integer transiormed valus. */

f “f

ivakeintl. 499990 + &loshade +

{&var-xrnin) * { (&hishade-&icshade)/(xmax-xmin} ),
reverss the order */

shade = ‘gray || put{Shishade - ival + Sloshade, hex2.);

data _nul_;
sal rawplus;
by ival;
fie shades;
it firstival then put shade:

nn;

%mend shades;
r . _ 7l

£ Endthe macro shades. "

r Y

4

ENTER THE DATASET TO BE MAPPED HERE. i
Note: the usar dataset should not have variables named:  °/
AVAL, LABLVAR, IVAL, or SHADE. *

¥

a‘l‘l‘l‘i‘a
.§

langth nae 3;
inpit post § stats p40 p50 pBd p70 pe0 pa0;
r

£ Variables pNNSO ara percont change from 185010 19NN. 7
r *t
P040 = 100 * (350-0540) / p40;

258  Graphics

Proceedings of MWSUG “91



there is one color for each unique value of IVAL, this list
will assign the appropriate color to each state. '

Table 4 Selected Variables from Dataset PREANNO for
Kansas

Annotating with Names, Values, and Graphs

The MAPSMWANNO annotation file which was
built earlier serves as a base for the final annotation file
used for the map. A new annotation file, PREANNO, is
created by merging MAPSMWANNO with the dataset
RAWPLUS. State names are already placed in this file but
may be black on black shading. Using the value from
RAWPLUS, the color of the state name is inverted if
pecessary and then output to the new dataset.

The y variable is then decremented by the value
of &SCALFAC to place the a value for the state on the
map. This record is then output to PREANNO.

To generate line graphs, the datastep first
computes a set of variables y50 through y90 which contain
the vertical position for the line at each year after 1940.
Variable y is then set to the vertical position for the
beginning of the line and a FUNCTION="MOVE' record is
output to PREANNO.

A sequence of FUNCTION="DRAW’
records is then written in a loop which ranges over an
array of the vertical position variables. Table 4 shows
values from PREANNO for the state of Kansas.
Observation 25 is the state name and has a TEXT value of
‘Kansas’. Observation 26 is the value and has a TEXT
value of "4.8". Observations 27 through 32 draw the graph
above the state name.

The first PATTERN statement shades the map.
Tha second is never used unless there are missing data. A
PROC GMAP draws the map. The DISCRETE option
alfows each unique value of IVAL to have its own shade.

PS040 = 100 * (p80-p4L) / pa0;
PIO4D = 100 * (p70-p4T) / pAD;
pa0AD = 100 * (pBO-p40) / pal;
POO4D = 100 * (p30-p40) / pA0;

Po080 = 100 * (p90-p80) / p80;
cands;  populsiion (thousands) */
il17 7807 8712 1008t 11110 11427 11430

in18 3428 WM 4862 5195 5400 5544

ia19 2530 26 2758 2625 2914 2777

k320 1801 1908 2179 2249 2064 478

mi2s 5256 4372 7823 0852 95262 9256
mn27 W 2082 414 JB0E 4076 4378
mo28 3785 X965 4320 4678 4917 BT

nedt 1318 1328 1411 1488 1570 1578

nd3) 642 $20 832 818 653 6%

oh 3 8008 7047 9706 10657 10798 10847
sd48 B£43 353 631 868 BY1 608

wiS5 3138 M8 3052 4418 4706 4892

r ~*
{ Invoke tha macro. 1
r *t
%shades(daia=MWSPOP, var=p3083)
poplions gsiamesgraiout gsimodasrapiace;

goptions device=apiphus nodisplay gaflen=132 penmounts«255;
goplions rolaie;
poplions characiers chartypewt 1; /° 9 is helvetica, 11 helv bold™
£ note SAS scalea Holvetica as wide charactera */
I usq hposs200 in landscape 1 namow them */
poplions hposa200;
Qoplions colorsa(
Rinclude ‘shades’;
X

1 pull in the coior vakies writien by the macro */

proc sort dati=maps.mwanno; by state;
proc sort data=rawpius; Dy stale;

r- "t

# Buld the annocaton fle. Y
" v

dala preanno;

length colos $6;

MeIge MaPS.AWANND rawpius

(rosp=aiaie ival rval labival shade

50 pB0 p70 pBO RO PS040 PBO4D A7040 pBO4O OO0  £I0A0);
BY STATE;

r Y

£ Put black names on light shading, white names on dark. i
s Y

2izen1.75;

Y=y - (Secaliac);

colorablack’;

# ival » 140 then color = ‘white';

outpet;

r Y
 Place the valuse balow the name. "
r !
# upcase(function) = LASEL’ then do;
ot e ' {] bftfpurlabival, Sannotm)):
y = y - (Sacaflac)'s;
OUTAR,
I ¥
# Lina graphs within counties, abcwe the name. *f
r

*
Yoy« ((ecallagE): P
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Reproducing Shading

Once you have a map, getting to the final print
stage may take some thought. With a PostScript output
file, for example, you may have the option of producing
camera ready copy on a laser printer with 300 dot per inch
{dpi) resclutionoron a t with 1200 or 2400 dpi
resolution. A 300 dpi printer will actually generate only
about 50 different levels of shading. Names and values
printed over intermediate shades will appear fuzzy when
the halftoning dots fall on the edges of the letters.
Resolutions of 1200 or 2400 will produce crisp text at small
sizes over gray tones and will produce many more leveis
of shading.

If the original is to be photocopied, though, 300
dpi may give the best resuits. If the map is to be offset
printed, photographing a paper camera-ready copy may
not reproduce the differences in shading adequately. This
may be a particular problem if the photographic process
changes the size of the image.

The best plan, if possible, is to produce a negative
directly from the typesetting equipment. Listing 3 shows
a segment of PosiScript code which can be placed at the
beginning of a single page PostScript file which will
convert the image to a negative.

Your layout or word processing software may also
be capable of printing negatives. Using The SAS
encapsulated PostScript drivers you can produce a map
which can be pulled into your word processor and scaled
to whatever size you want. .

Conclusions Maps and More

SAS provides the tools for proportionally shaded maps of
U.S. states and counties, Canadian provinces, and countries
of the world. With boundary files from other sources such
as the US. Census Tiger files, shaded maps can be
generated for a wide variety of other geographic units.

The technique of writing out a color list and
reincluding it might also work with other SAS procedures
which use the PATTERN statement, Other SAS procedures
may support color values directly, The SCATTER
statement within PROCG3D, for example allows for
specification of a variable containing a color value. This
value could be directly proportional to some variable of
interest.

Trademark Notice

"SAS and SAS/GRAPH is the registered trademark of SAS
Institute, Inc. Cary, NC, USA. PostScript is a trademark of
Adobe Systems Incorporated.
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¥50 = ¥ + (pBOMOA0) * Rscaliac; * 30 % is about max changa */
¥50 = y + (p5040/10) * Ascalfac; 7 making maxmum height
¥70 = ¥ + (p704010) * Ascaliac; 7 3 times scaffac v
¥80 = y + (pBO4ON0) * Ascalac; /——

¥90 o y + (G040 0} « Ascaliac;

function « ‘MOVE'";
output;

o "draw’;
w2emd;

amay yy(5) 50 v y70 B0 y90;
do D=t 0 5; :
xnis{bacakinc)'2;
yyyic:
UL,
nd;

ond; /* upcasaifunction) = Taber °/
r "t

r Select the MWSUG states from the boundary fle.
” ’f

data MWSUG;
sat mape.us;
whers s in(17.18,19.20,28.27,29,31,38.39.46,55);

I 7]
r Finally, draw the map. *
r *f

PATTERNY Vas ;

PATTERNZ vam1x;

PROC GMAP DATA = rawplus
MAP = mwsug
ANNQ = preanno
AL

iD stae;

CHORO wal/ DISCRETE
MISSING
NOLEGEND
CTEXT = black
CEMPTY = whie
COUTLINE = black;

RUN;

Listing 3

% corven sberything 10 negative

/niial-xfer cumentiransier dof

{1 sxch sub intiaker} bind setiransfer

% black out the background  irom Real Workd Postscript p. 70
oA

newpalh

clippath  %cument clipping path should be the page

1 satgray  %ihis is now black

% use stroke for tasting

% siroke

fill

oS

% 50 that the emulsion is on tha right side,

% fip the image (this only works for an 8.5 inch page)
%-1001 multiply x vaiues by -1

% 8120 add 612 points 10 the values (8.5 inches)
{-1 001812 0] concat

% this ends convert 1o negative saction
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