
Week 6: graphics

The main procedure we’ll use is SGPLOT. I was able to use both GPLOT
and SGPLOT in SAS Studio. SGPLOT has the advantage in SAS Studio
that it takes less space. On my system at least, I have to maximize the
screen to see everything in GPLOT.

SGPLOT was introduced with version 9.2 and is newer than GPLOT and
seems to be intended to replace it. Years ago, GPLOT was an
improvement over PLOT, which had purely text-based graphics. Many
SAS programs have used GPLOT, so if you see examples of SAS code
online or in textbooks, it is likely to use GPLOT instead of SGPLOT.

The SG in SGPLOT stands for Statistical Graphics.
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Graphics

Some differences in GPLOT and SGPLOT include

1. Default of having rotated y-axis labels in SGPLOT (Default in
GPLOT is for the y-axis label to appear at the upper left and
non-rotated)

2. Graphics from SGPLOT can be produced in standard formats (PNG,
JPEG, PDF) instead of SAS/GRAPH

3. GOPTIONS was used in GPLOT to control appearence of graphs, but
not in SGPLOT.
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SGPLOT: Source: Paper 154-2010, SAS Global Forum 2010, Using PROC SGPLOT for Quick High-Quality Graphs,

Susan J. Slaughter, Avocet Solutions, Davis, CA Lora D. Delwiche, University of California, Davis, CA
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SGPLOT
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GPLOT and SGPlot

The most common type of plot in statistics is perhaps the scatterplot.
Here’s how to do it in both GPLOT and SGPLOT using default options.

SAS Programming September 25, 2014 6 / 104



GPLOT
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SGPLOT: scatterplot
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SGPLOT: scatterplot with elliptical prediction and
confidence bands

This is typical for how options work in SAS procedures—after a forward
slash, you put a list of options. For the ellipse, the prediction ellipse is the
default so doesn’t need to be specified (but this makes your code easier to
follow if you type it). Note that I reduced the number of observations to
50 so that the confidence ellipse for the mean would be visible.

SAS Programming September 25, 2014 9 / 104



SGPLOT: scatterplot with elliptical prediction interval

You can put as many prediction ellipses as you want, for example with
different α levels. Note that you can put the x and y coordinates in either
order.
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SGPLOT: scatterplot with regression line

You can use SGPLOT to do simple linear regression instead of using PROC

REG.
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Tips on color in graphs

A good rule of thumb is to try to use color that will print well in
black-in-white or greyscale. This is because (1) some of your audience
might be color blind, (2) if your presentation or article or paper is printed,
it is likely to be printed in black-and-white, and you want it to be legible.

For these reasons, I’m likely to use say, blue and orange instead of blue
and red. Or, orange and red instead of green and red. Orange is lighter
than red and will be distinguishable in greyscale printing.

Another tip is to use plot symbols in addition to color, or dotted lines in
addition to solid lines.
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Tips on color in graphs

Thin lines are harder to distinguish colors than thicker lines, as are hollow
symbols (hollow circles instead of solid).

Another example that can be difficult is in heat maps, where intensity is
mapped to a rainbow with say, red being large values and blue being low
values. Although these maps are pretty, it can be difficult to interpret
either in black and white or in color.
The most common form of color-blindness is red-green, which effects
about 8% of men and 5% of women of Norther European descent
(according to Wikipedia). The percentage is lower in Asians (4% of men)
and Africans (5% of men). A rule of thumb from genetics is that if 1/20
men is affected, 1/400 women would be. It is likely that in a classroom or
a lecture at a conference, at least one audience member is color-blind in
some form.
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Tips on color in graphs

Here’s an example of a bad choice of color in my opinion (from a 2008
SAS Global Forum, by Susan Schwartz, a SAS employee). The <$30,000
and $40-$50,000 categories look essentially the same to me (probably one
is red and one is green?). There also could be a gradient going from light
(less expensive cars) to dark (more expensive), but instead the lightest
shade is in the middle. This will not be ideal in black and white.
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Tips on color in graphs: heatmaps

This is an exmaple of heatmap of gene expression levels. Red-green
heatmaps are very common but hard for many people to read and again
won’t print we’ll in black in white. A white-yellow-orange-red color scheme

is easier to read.
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Tips on color in graphs: heatmaps

The following example is from a research paper in my area. Although I
liked the paper, the heat map, I cannot distinguish 0% from -25% (blue
versus purple) as well as +35% and 10% (red versus green). The 4-d plot
is pretty (dimensions are theta, tree height, percent accuracy, and change
in accuracy), but would be much easier to read with
white-yellow-orange-red color scheme.
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SGPLOT: scatterplot with elliptical prediction interval

SGPLOT automatically makes a nice legend, although the colors are hard
for to decipher.
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SGPLOT: scatterplot with elliptical prediction interval

Notice that if you accidentally swap x and y , it does not generate an error,
but might make a nonsensical graph.
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SGPLOT: scatterplot with elliptical prediction interval

Let’s fix the negative longitudes using the modulus function again and see
what happens.
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SGPLOT: scatterplot with elliptical prediction interval

Interpretation of prediction interval should be that if observations come
from the same process, then (1− α)% of future observations should come
from the the ellipse corresponding to α. Does that apply in this case?
Why or why not?
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SGPLOT: scatterplot with elliptical prediction interval

You can also use other line-attributes using the LINEATTRS option, such
as line-type (i.e., dotted or dashed) and thickness. Mostly, you will have to
search online to find various options for customizing your plot. We will
encounter some more commonly used options along the way.
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SGPLOT: scatterplot with reference lines

Here I added longitudinal and latitudinal references lines for my previous
residence of Christchurch, New Zealand.
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SGPLOT: bivariate plot with two groups

You can also have a grouping variable. The default behavior seems to
depend on global options in your system, and doesn do what I would like
in SAS Studio, which is to have distinct symbols as well as distinct colors.
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SGPLOT: bivariate plot with two groups

In this case, I used the value of the variable as the marker for the variable.
To make it less cluttered, I abbreviated it to one character using a format

statement.
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SGPLOT: boxplots

Another common type of plot is boxplots. This can be done either
vertically or horizontally. For example,

SAS Programming September 25, 2014 25 / 104



SGPLOT: boxplots

Another common type of plot is boxplots. This can be done either
vertically or horizontally. For example,
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SGPLOT: boxplots

Another common type of plot is boxplots. This can be done either
vertically or horizontally. For example,
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SGPLOT: boxplots

There are many options (over two dozen) for boxplots, such as the width,
whether or not outliers are surpressed, whether or not the median is
surpressed, how the whiskers are defined, color, etc. Here we look at
boxplots of magnitude for every day in the data set. This would be a quick
way of seeing if there are trends in the distribution over time, which there
don’t appear to be here. Using SAS date functions, you could instead use
weeks of the year, or month or other units of time.
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SGPLOT: boxplots
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SGPLOT: boxplots

Boxplots with two grouping variables
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SGPLOT: lineplots, series plots

Here I created a data set that consists of days and the largest magnitude
quake on that day. The series plots these as a time series, but only
plotting one day per week. Note the format statement so that the x-axis is

easier to read.
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What day of the week was in different years?

The previous example used days of the week that were the same day of the
week as January 1st, 1960. Since the modulus is 7, this means that the
number of days of the week since January 1st, 1960 is a multiple of 7. If
we had used where mod(time,7)=3 instead, then we’d be using
Mondays. How to tell the day of the week for January 1st, 1960?

One way is to go online, for example to
http://calendarhome.com/print-a-calendar/. Or you can use the linux
function cal where you type $ cal 2010 to get the full calendar for the
year 2010.

You can also use the WEEKDAY function in SAS, which converts a date
to a day, 1 through 7, where 1=Sunday, and 7=Saturday.

SAS Programming September 25, 2014 32 / 104



SGPLOT: lineplots, series plots

You can also superimpose multiple lineplots and create a secondary axis.
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SGPLOT: lineplots, series plots

You can also superimpose multiple lineplots and create a secondary axis.
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SGPLOT: lineplots, series plots

Options to modify line type and color.
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SGPLOT: bar plots

Basic bar plots are easy to do with SGPLOT. Similarly to boxplots, they
can be either vertical (VBAR) or horizontal (HBAR).
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SGPLOT: bar plots

Stacked barplots.
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SGPLOT: bar plots (well SGPANEL actually)

This allows another variable in your barplot.
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SGPLOT: bar plots (well SGPANEL actually)
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SGPLOT: histograms
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SGPLOT: histogram kernel density estimate

The idea behind the kernel density estimate is that the height of the curve
is

f̂h(x) =
1

nh

n∑
i=1

K

(
x − xi

h

)
where h is the bandwidth (a chosen parameter), and x1, . . . , n are the
data. Usually K () is small for values far from 0, so that the height of the
curve near x is determined mostly by data near x . Data far from x
contribute less to value of the function near x . A Gaussian kernel for
example will treat the argument to K () as being like a z-score, so values
more extreme than ±3 will have negligible contribution.

The function f̂ estimates the density f , and will be increasingly accurate
as n→∞ and h→ 0 assuming that the data are i.i.d.
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Using BY statments with SAS plots

A common way of generating plots in SAS is to use a BY statement with a
(usually) categorical variable. This creates a separate plot for each value
of the BY variable, and can of course end up generating LOTS of output.

As usual, use of the BY statement requires that the data be sorted on the
BY variables first.
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SGPLOT: histograms
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SGPLOT: histograms
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Overlapping histograms
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Overlapping histograms
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SGPLOT: needle plots

I like using needle plots for discrete probability distributions. Here I
simulated X ∼ Poiss(1) and Y ∼ Poiss(3) and plotted the distribution of
Y − X . Note that the distribution includes negative values.
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Other ways to customize graphs
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Still to come...

Other things we’d like to do with graphs include

1. control tick marks (customize, log scale etc)

2. control font sizes (tricky with SGPLOT)

3. control which color schemes are used

4. control which plot symbols are used

5. place legends in graph if desired

6. Have titles/labels with different fonts, subscripts, etc.

7. Use panels for subgraphs

8. 3d graphs

SAS Programming September 25, 2014 49 / 104



Custom tick marks on axes

Here we give an example where we want irregular spacing on an axis.
Suppose I want to plot earthquakes with magntitude greater than 5.0, and
I want to display the dates on the x-axis that correspond to the data
instead of making them regularly spaced.
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Irregular tick marks
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Irregular tick marks
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Irregular tick marks
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Example temperature data

We’ll start with the temperature data which is here sorted by sex and
temperature. We’ll look at various ways we can modify (hopefully improve)

the plot.
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Temperature data: Using a grouping variable

We’ll start with the temperature data which is already sorted by sex and
temperature. Here 1=man, 2=woman. Notice that we added the n
variable so that we have something like a subject ID.
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Temperature data

We’ll start with the temperature data which is already sorted by sex and
temperature. Here 1=man, 2=woman.
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Temperature data

We’d like to improve the temperature plot in several ways. These include
making the plot symbols filled rather than hollow, making the plotting
characters bigger, and having distinct plot symbols for the two sexes.

Unfortunately, it is a little bit tricky to do this. To accomplish this, I will
create two columns for temperature–one for men and one for women.
Then I will make a scatterplot of each separately and overlay them on top
of each other. By doing this, I can control the appearance of each one
separately.
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Temperature data
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Temperature data
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Temperature data
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Temperature data

How can we improve the plot at this point?
Here are some possibilities:

1. Change the y -axis label. Note that the y-axis says ”man” which is the
name of the first y variable used, but is not an appropriate name for
the y -axis

2. Add a second axis with a Celcius scale

3. Change the axis tick marks on the x-axis so that the indexing starts
at 1 for the data on women

4. Add a reference line and/or tick mark at 98.6 degrees Farenheight,
considered to be the average.
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Temperature data

We might think about other ways of visualizing this data. We could plot
all of the data together using age on the x-axis rather than sex, but still
have color and symbols to differentiate them.

We could also plot overlapping histograms of the two distributions.

If we wanted to do a more formal test of whether the two distributions
agree, we could plot their empirical distribution functions simultaneously
and use a Kolmogorov-Smirnov (K-S) test.

FInally we could do something like a Q-Q plot, plotting sorted men’s
temperatures against sorted women’s temperatures, but this is a little
tricky if the sample sizes are different. If the sample sizes are the same and
the distributions are the same, this plot should roughly follow a straight
line.
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Temperature data: Fixing the labels and adding a grid
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale
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Temperature data: adding a Celsius scale

I’ve noticed a problem that the Farenheit and Celsius values don’t match
exactly because 98.6◦F = 37.0◦C.
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Temperature data: fixing range of plots with valueshint

This option makes the range of axis depend on the data rather than the
values specified and fixes the previous problem.
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Temperature data: fixing range of plots with valueshint
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Increasing font size

Font size requires working with the ODS (output delivery system) outside
of PROC SGPLOT. The idea is to use PROC TEMPLATE to change the
style settings to create a customized style, then use the ODS to say that
you want to use this customized style when running SG procedures.

Unfortunately, attempting this in SAS Studio gives permissions erros, and I
haven’t gotten examples from the web to work in linux either (they create
other errors). So I think we are stuck with font sizes as they come in SAS.

You can use ODS to output a pdf file of your graphic (in linux SAS – I’m
not sure where it goes in SAS Studio), and this creates a graphic that is
about 1/2 of a page (all the width and half the length).
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Increasing font size

To give you an idea of why it is necessary to increase font sizes so often,
I’ll show you a recent example from a grant proposal.
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Increasing font size

The typical way to create figures is to create a full size figure, for example
as pdf or better (especially for journal submissions), as encapsulated
postscript files (.eps). Then the graphic is shrunk down to fit in the text.
You’ll get better resolution if you start with a large graphic and shrink it
down than if you try to make the graphic the final intended size.

Notice that the font size on the axes of the plot are similar to the
surrounding text. This means that if you looked at this graphic by opening
the .eps file that it was from, the font size would look rather large.
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Increasing font size

This figure was modified in Adobe Illustrator from a figure done in R.
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Increasing font size

Although R is pretty good about allowing you to customize font sizes, it
has its limits, and it is not easy to make y-axis labels as large as I often
like, which is part of the reason this graphic was modified by Illustrator
instead of using R directly. This screen shot shows how making the y-axis
font puts the y-label right to edge of the screen.
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Increasing font size
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Increasing font size

The previous example used cex=1.4, where cex is a scaling factor in R
that tells it how much to increase font sizes by. The data points used
cex=3, and the legend used cex=2.5 (as large as I could get without
covering the data). The legend was shaded so that points in the legend
did not appear to belong to the graph.

Now we’ll take a look at what happens if I use cex=2.0
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Increasing font size
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Increasing font size

The point is that increasing font sizes in output is a very common
problem, and both SAS and R are disappointing in this regard. Here are
some possible solutions that I have tried (with R):

1. Use Illustrator to fix things, including y -axis labels, tic labels, etc.
2. Be happy with cex=1.4 for R. Also mtext (for marginal text) can

help in R.
3. If really desperate in R, make an empty graph, plot your symbols

inside with no axes, then plot the axes and tic marks as line segments
so that the plotting area is smaller than usual. This gives you more
space on the margins

4. Keep the tic marks and axis labels empty, read the figure into LATEX,
then annotate the graph in LATEX. If you are using LATEX, then this has
the advantage that you can get fonts that match your text. This
approach works but is very time-consuming and requires a lot of trial
error to specify the coordinates in LATEXcorrectly.

An example of the LATEXapproach follows
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Increasing font size
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Increasing font size with GPLOT

Increasing font size with GPLOT is easier than SGPLOT, unfortunately,
which seems surprising considering that SGPLOT is much more recent.
Here it is with the temperature data
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Increasing font size
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Increasing font size with GPLOT
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Increasing font size: default with GPLOT
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Increasing font size

Unfortunately, the SAS GPLOT output can get cut off in the viewer in
SAS Studio. If you copy the image elsewhere (such as to PowerPoint or
print the results to a pdf or postscript file), then everything is fine.
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Other ways to visualize Temperature data

We can also plot the data by age. To get the different plot symbols and
colors, it is easiest to again have two scatterplots overlaid on each other,
which requires having temperatures for men and women in different
columns.
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Temperature data

Overlapping histograms are also pretty easy since we have separate
columns for men and women.
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Temperature data

Overlapping histograms are also pretty easy since we have separate
columns for men and women. Unfortunately, the scale=density option
wasn’t working, and the areas of the two histograms are not equal.
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Temperature data: ECDFs

Another way of comparing distributions is to compare their estimated
CDFs. A very rough way to compare two distributions would be to
compare say, their means and variances. Instead of this, we could instead
compare their quartiles: the 25th, 50th, and 75 percent largest values. Or
you could be more refined and compare deciles: the 10th percentile, 20th
percentile, and so on. If two samples come from the same distribution,
then these should roughly match.

Instead of determining quantiles based on fixed percentages of the
distribution, another approach is to order the data so that if you have n
data points, then the percentage of data points less than or equal to the
ith data point is i/n × 100%. We can plot these percentages at each data
point, and this is an estimate of the cumulative distribution function.
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ECDF

Mathematically, the ECDF can be written as

F̂n(x) = (proportion of observations ≤ x) =
1

n

n∑
i=1

I (xi ≤ x)

where I (xi ≤ x) = 1 if xi ≤ x and is otherwise 0. The function is plotted
as a step function where vertical shifts occur at distinct values observed in
the data.

For example, if your data are 1.5, 2.1, 5.2, 6.7, then
F̂ (3) = F̂ (4) = 0.5 because 50% of your observations are less than or
equal to both 3 and 4. F̂ (x) then jumps to 0.75 at x = 5.2.
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Temperature data

Getting Empirical Compulative Distribution Functions (ECDFs) to

compare
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Temperature data
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Temperature data

The ECDFs appear to be pretty close. This can be formally tested using
the Kolmogorov-Smirnov (K-S) test which looks at the maximum vertical
distance between the two ECDFs.
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Temperature data

The K-S test gives a p-value of 0.07, so there is weak evidence of a
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Temperature data

PROC NPAR1WAY also gives a plot for the ECDFs, but it doesn look as
nice...The thinner lines and less contrasting colors make the plot more
difficult to read.
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MAPS in SAS

SAS has many built in maps that you can use with statistical information.
If you go into the MAPS library, they have maps for the US, by state or
with counties, different countries, geographical regions, etc.
The idea is that you use PROC GMAP to read in two datasets: a built in
SAS dataset which has geographic regions as a character variable, and
your own data that has information on those regions. The ID variable
needs to be identical, including the length. For example, if you using state
abbreviations like NM, NY, etc., your variable for state ID needs to be
exactly 2 characters long, which can be enforced with a LENGTH
statement.
Quantitative information for each region can then be displayed using some
form of heatmap, for example to represent to population, voter behavior,
prevalence of disease, etc.
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MAPS in SAS
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MAPS in SAS
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MAPS in SAS
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MAPS in SAS

There is a lot more that you can do with maps in SAS. I specified the
number of population levels, but then SAS chose the cutoffs. You can also
create customized ranges and customized colors. I could have created a
different color for states that were missing and maybe gave them a fake
population number in the data (like 0 or a negative number) so that they
wouldn’t be missing on the map.

You can also merge two geographic regions for which there isn’t a
particular SAS map, such as the US and Mexico.
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MAPS in SAS

An example from online...Buttons are links to Google Maps. This was
found at http://robslink.com/SAS/Home.htm, and this person has a huge
gallery of SAS graphs and plots with source code. This would be a good
way of learning more sophisticated things that can be done.
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