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ABSTRACT

Environmental research and assessment activities at Oak Ridge National Laboratory
(ORNL) include the analysis of spatial and temporal patterns of ecosystem
response at a landscape scale. Analysis through use of a geographic information
system (GIS) involves an interaction between the user and thematic data sets
frequently expressed as maps. A portion of GIS analysis has a mathematical or
statistical aspect, especially for the analysis of temporal patterns. ARC/INFO
is an excellent tool for manipulating GIS data and producing the appropriate map
graphics. INFO also has some limited ability to produce statistical tabulation.
At ORNL we have extended our capabilities by graphically interfacing ARC/INFO
and SAS/GRAPH to provide a combined mapping and statistical graphics environment.
With the data management, statistical, and graphics capabilities of SAS added
to ARC/INFO, we have expanded the analytical and graphical dimensions of the GIS
environment. Pie or bar charts, frequency curves, hydrographs, or scatter plots
as produced by SAS can be added to maps from attribute data associated with
ARC/INFO coverages. Numerous, small, simplified graphs can also become a source
of complex map "symbols." These additions extend the dimensions of GIS graphics
to include time, details of the thematic composition, distribution, and
interrelationships.

Background

The Environmental Sciences Division (ESD) of Oak Ridge National Laboratory (ORNL)
is one of the U. S. Department of Energy’s (DOE’s) leading facilities for
environmental and ecological research. Over the past 30 years ESD has conducted
numerous projects including environmental impact assessment, environmental and
ecosystem modelling and simulation, ecosystem analysis for nutrient cycling and
pollutant fate and effects, radiological and hazardous waste management, regional
environmental monitoring, and data analysis and interpretation. The studies have
included landscape scales ranging from a single watershed to global. The
ecological and environmental projects have -evaluated the effects and
interrelationships of individual and multiple components.

1Operated by Martin Marietta Energy Systems, Inc. under contract number DE-
AC05-840R21400 with The U. S. Department of Energy.
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In all of these categories of studies, ESD has made extensive use of computing
technology for its data management, analysis, and presentation. The analytical
tools frequently used with data in ESD studies include statistics, graphics, data
integration, model construction and simulation, and geographic information
systems (GISs). A typical research problem will require the use of most of these
analytical techniques. The chronology of a project also frequently includes
several interchanges between data management, statistical analyses, and mapping
with a GIS. Because of these operational considerations, ESD scientists have
emphasized the need to integrate the data, methods, and products from these
analytical tools. Olson et al. (1988) discussed the needs and methods for
integrating data from several sources for national GIS studies. This paper
presents the results of an effort to integrate the graphics from the sEatistica]
software (SAS) and the GIS software (ARC/INFO) used by staff in ESD.

The integration of SAS/GRAPH and ARC/INFO graphics was initially done to combine
two complementary classes of graphical products. SAS and SAS/GRAPH are very
comprehensive software systems that ESD has used for several years to conduct
data management, statistical analysis, and data-intensive graphics (i.e.,
graphics which depend upon the processing and display of hunderds to thousands
of data values). Because of SAS’s ease of use, comprehensiveness, and power,
these software systems are used by a majority of the ESD scientists performing
data analyses. However, the mapping and GIS capabilities of SAS/GRAPH are
limited. In contrast, ARC/INFO is a very comprehensive GIS and mapping software
system with Timited statistical analysis capability and essentially no data-
intensive graphics capability for the display of statistical analyses. (The
primitive graphics tools for drawing various graphs are found in ARCPLOT, but
simple graphs can require hundreds of statements.) As result of these
characteristics, we anticipated that these two systems would be very good
complements to one another.

After the initial interface between these graphics systems was developed, we
determined that the combination of map- and data-based graphs also adds new
dimensions to data interpretation and analysis. While the combined graphic
product could be simply adding a couple of graphs (e.g., frequency histograms
and pie charts) to a map, this capability could also be used as a very
sophisticated "symbol generator." If the graphs are simplified (i.e., contain
only very simple or no axis labelling; bold, but unpatterned, symbols; and
uniform size, scale, and axes ranges), then they can be made relatively small

2SAS and SAS/GRAPH are registered trademarks of SAS Institute, Inc., Cary,
North Carolina. ARC/INFO is a registered trademark of Environmental Systems
Research Institute, Inc., Redlands, California. The use of trademarks in this
paper does not constitute an endorsement of these products. Full identification
of the trademarks can be found in the references.
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(1 cmz). If the graphs are made small enough, then numerous (tens to hundreds)
graphs can be plotted on a map as if they were "symbols."

These "symbols" can then readily add large amounts of information and new
dimensions to the data displayed. A map can display the two or three spatial
dimensions of the thematic data being analyzed. The symbols from points, lines,
and polygon shading can display additional categorical changes and spatial
overlap of the attributes of the data in a GIS system. In addition to these
features, the graphs on the map could display the following types of new details
about differences between subcomponents of the thematic information:

- thematic values versus time,

- frequency distribution for sample populations,

- multivariate relationships,

- sample compositions,

- enumerated data plots or 1lists, and

- statistical summary tables.

Approach

The interface between SAS/GRAPH and ARC/INFO was developed in the following
hardware and software environment:
SAS/GRAPH  Hardware: IBM PC/AT, EGA monitor;

Software:  PC-DOS 3.2, SAS, SAS/GRAPH 6.03.

ARC/INFO Hardware: MicroVAX 3500, Imagen 2308 laser printer, Matrix PCR film
recorder;
Software:  VAX/VMS 4.7a, ARC/INFO 4.01, VAX FORTRAN 4.8.

While the above specifications describe the systems used at ESD, the interface
can be implemented between any hardware system(s) that can execute the current
versions of SAS, SAS/GRAPH, and ARC/INFO and transfer character data.

The first step in developing the interface was to modify the specifications of
the metagraphics driver provided by SAS with PROC GDEVICE (SAS 1988) to simplify
the hardware capabilities assumed by the driver. The metagraphics driver can
be altered to control the assumed device characteristics such as page size,
resolution, number and name of colors, hardware character and symbol generation,
polygon fill, hardware arc/curve generation, and hardware line types. To make
the interface as universal as possible, hardware capabilities for character,
symbol, line type, and curve generation were not allowed in the metagraphics
device driver. The resulting output file from SAS/GRAPH then contained only
instructions for pen selection, movement, and drawing. The metagraphics output
file was defined to be in ASCII so that it could be transported between systems
(PC to VAX) without data and record conversion problems.



After the metagraphics file from SAS is transferred to the ARC/INFO host (a VAX
in this case), it is processed by a FORTRAN program that produces an ARC/INFO
plot file. The program that converts the metagraphics file to ARC/INFO plot file
format includes the following steps:

- unneeded SAS/GRAPH plot header information is bypassed,

- SAS page units are converted to inches,

- X and Y minimum and maximum are calculated, and

- SAS pen control commands are converted to ARC/INFO plot file syntax.

Incorporation of the graphs in ARC/INFO plot file format into a final map can
be accomplished with the PLOT command in ARCPLOT. The graphs can be incorporated
into a final map with or without the map composition capability of ARCPLOT. Map
composition commands can be used to reposition and rescale the graphs as needed.

When generating graphic "symbols" in SAS to be displayed by ARC/INFO, each
"symbol" is transferred as a separate plot file. Often the plots are generated
by using a SAS BY statement with the site or plot ID value. Unique plot names
which incorporate the ID can then be used to associate the symbol with map
coordinates to control plotting within the ARCPLOT program. The following
schematic AML program illustrates cross referencing of plot filename for graphs
with the coordinates by the ID from an attribute file and the calculation of the
BOX coordinates for the PLOT command in ARCPLOT (ESRI 1987):

ARCPLOT
... and other statements setting up map and drawing other map elements...
&S OUNIT [OPEN TEST.DAT STAT -R}
... TEST.DAT is a file containing ID and coordinates from PAT for plotting
graphs... ... scan data file to determine number of record...
&D0 INDEX = 1 &REPEAT %INDEX% + 1 &UNTIL %INDEX% = %COUNT%
&S VALUE [READ %OUNIT% STAT]
. Read TEST.DAT to generate symbol values to be used for filename
building and box coordinate calculation ...
&IF [EXISTS Ul:[LTS.HUSTON]THARP%ID%.PLT -FILE] &THEN
... Test for existence of plot file from symbolically derived name
PLOT Ul:[LTS.HUSTON]THARP%ID%.PLT BOX %XMIN% %YMIN% %XMAX% %YMAX%
. example of PLOT command with BOX option using generated filename
and calculated BOX coordinates.
&END

If the coordinates were also stored with the attribute data in SAS, then a SAS
program could be used to generate an AML program that also uses the PLOT command
of ARCPLOT to position and scale the "symbols." The BOX option on this PLOT
command is a very useful way to control the position and size of the "symbols."



Examples of Applications

Dimensions of Time

One example of the analysis incorporating the dimension of time includes a map
(Figure 1) showing the Tocation and water level history of monitoring wells in
the White Oak Creek Watershed, which is a region on the DOE Oak Ridge Reservation
being studied for waste cleanup procedures (Voorhees et al. 1988). The line
graphs of water Tevel (Y) versus time (X) all have a uniform size and

scale to show the details for the hydrographs. The dimensions of the information
displayed here could be increased if more than one dependent variable was
displayed on the graphs.

Dimensions of Composition

The map shown in Figure 2 displays differences in the size distribution for trees
in different forest types on the Walker Branch Watershed (Dale et al. in prep.).
The graphs shown here are simple vertical bar charts, but other graphs reflecting
sample composition or distribution could also be used. This figure is also an
example of one that used an AML to position and scale all of the graphs.

Dimensions of Interrelationships

Statistics provide the capability to determine significant differences in the
relationship between two variables for several populations with analysis of
covariance. Figure 3 shows a map of the eastern United States with scatter plots
containing regression lines showing the changing relationship between surface
water pH and elevation for different regions studied by EPA’s National Surface
Water Survey (Linthurst et al. 1986). Additional dimensions describing
relationships between measurements could also be displayed with three-dimensional
(3-D) surface displays generated in SAS/GRAPH.

Dimensions of Complex Symbols

Bar charts have been used as complex "symbols" in Figure 2 on a map of the Walker
Branch Watershed, showing changes in the stem density for tree size classes from
forest sample plots on the watershed. Other examples of graphs that can be
converted to complex symbols include stacked vertical, horizontal, 3-D bar
charts, and pie charts.

Other Data Dimensions

Examples of other dimensions of data include the incorporation of statistical
summaries, analytical results, and brief data tables on the maps. SAS/GRAPH has
a GPRINT (SAS 1987) procedure that will convert any portion of text output into
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Map Legend 1000 It

* Monitoring wells —— Leakes, ponds, and streams

B Yells selected for graphs oo 20 ft contour lines

Figure 1. Example of plotting hydrographs for a selected subset of
monitoring wells in the White Oak Creek Watershed near ORNL. The hydrographs
display data from 10/86 - 10/89. The shaded area represent the water level and
the empty area above represents the elevation to the ground surface. A1l of the
hydrographs have the same vertical scale to illustrate the differences between
the ground surface elevation and depth to the monitored water level for the
wells.
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2 pH < §.6 and elevation > 600 m

Figure 3. Example of scatter plots showing details of the relationship
between pH and elevation by region from National Lake Survey samples. The map
also shows the spatial relationship between lakes with Tow pH and high elevation.
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a graphics-based font so that it can be plotted. The conversion of portions of
SAS statistical or listing outputs to graphics is a very simple procedure with
PROC GPRINT. Examples of maps with this additional type of dimension have not
been included here because they are best suited for poster-size maps.

Summary and Conclusions

The graphical interface between SAS/GRAPH and ARC/INFO has resulted in not only
the addition of data-intensive graphs in chart form to maps, but also resuited
in an increase in the dimensions available for display and analysis. Numerous,
small, simplified graphs can become a complex sort of "symbol" for the
interpretation of changes in the details of the data. These graphs can show
(1) changes in measurements over time, (2) sample composition, (3) statistical
distribution, and (4) multivariate relationships. A1l of these details
represent information beyond the spatial and categorical information displayed
on the typical map produced by a GIS system. ARC/INFO and SAS/GRAPH were found
to be excellent complements to each other in the production of analytical
graphics.

The interface is relatively easy to use for the scientist who has an operational
knowledge of SAS, SAS/GRAPH, and ARC/INFO. The major challenge in using the
interface is to avoid overcrowding the final graphic product by adequately
simplifying the map and the graphs to be included. Specifying the automatic page
position in page units also has limitations because it presumes detailed
knowledge about the location and scale of the final map product.
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