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FOREWORD

This project was funded by the Office of the Secretary of Defense under Intra-Army Order 22
MSS-88-088, "Enhancement of the Early Environmental Waming System," dated Scptember 1988. The

proccedings were prepared by the U.S. Army Construction Engineering Rescarch Laboratory
Environmental Division (USACERL-EN). D:. R.K. lain is Chicf of USACERL-EN.

COL Carl O. Magnell is Commander and Director of USACERL, and Dr. L.R. Shaffer is
Technical Director.
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Preface

The Geographical Resource Analysis Support System (GRASS) is a land management support
tool originally developed to help military installations ensure realism in training while conservine the
environment.  Since its successful implementatien in the military community, GRASS has scen
widespread acceptance in both the Government and private scclor.

The U.S. Army Construction Engincering Research Laboratery (USACERL) developed and tested
GRASS, which is a geographic information system (GIS). Now, along with a formal GRASS Stecring
Committee and other service agencies, USACERL 1s providing support to users. Each year the Steering
Committce sponsors @ user group meetng for information exchange: other help is available through
workshops, and online mail service called GRASSNET, and a periodical newsletter, GRASS-
CLIPPINGS.

At the 1987 Annual User Group Mecting, response to the call for papers was so favorabic and
the quality of presentations so impressive that the organizers decided to publish the papers from {uture
meetings.  This proceedings contains papers from the 1988 Annual GRASS User Group Mcceling which
was held ai USACERL in Champaign, IL.

The papers represent a varicty of interests.  They have been grouped under three gencral topic
arcus:  Applications, Daia Concemns, and Integration of Grass With Other Packages.

Papers in the Applications group illustratc the versatility of the GRASS softwarc.  Gary
Waggoner of the Nauonal Park Scrvice (NPS) outlines a procedure to define road corridors using
GRASS. Two papers deal with sampling design:  Susan Stitt, NPS, applics GRASS for determining
forest locations to sample in cvaluating the cffects of air quality on vegetation; Steven Warren,
USACERL uses GRASS 1o define arcas where data collection sites should be distributed to cnsure
nonbiased data. GRASS applications in archcology are also reported.  Ishmael Williamms of the
Arkansas Archeelogicl! Survey (AAS) describes how he uses GRASS to organize his data to reveal
patticrns of the Caddo Indian habitation sites.  Jamic Lockhart, AAS, uses GRASS 1o coordinatc and

represent statistical and ordinal archeological information over an cight-state region. Pamela Thompson,




USACERL, demonstrates the versatility of soils information when handled with the GRASS tools as
well as scveral potential new applications. David Hasting of the National Oceanic and Atmospheric
Administration user GRASS to check the quality and consistency of the spatial data for which his
agency is responsipie.

Presentations in the Data Concems group address the information base, which critical if a GIS
like GRASS is to be useful. Since data collection is expensive, it is important to know which data
layers to implement, and this is the topic of a paper by Robert Lozar of USACERL. Richard
Franchek, U.S. Soil Conservation Service (S¢°S), describes and example data set for training personnel
at SCS, where GRASS will soon be implemented in all county offices. Margaret Mayers of SPOT
Image Corp. discusses the link between satellite data and GRASS--an important capability since satellite
images can provide valuable data.

GRASS is designed to allow casy interface with other software packages for flexibility. Papers
in the GRASS Intcgration group attest to the success users are having in this area. Sandra Parker,
AAS, proposes linking a statistical package with GRASS and remotely sensed data to make the results
more immediatcly understandable to professionals. Sanford Fidell and collcagues from BBN Systems
describe how they ported scctions of GRASS version 2.0 to an IBM-AT with MS-DOS and their
integration with a data base manager (DBM) for evaluating aircraft noisc. James Farley, AAS,
discusses the interface of GRASS with a UNIX-based DBM called Informix. Finally, Ken Gardels,
at the University of California-Berkeley, identifies the pros and cons of placing GRASS in a new
standard graphics environment called X-Windows.

In the short time since its inception, the potential for GRASS has grown far beyond initial
expectations. Each year the User Group Meeting unveils more and more benefits from using this
program; the cnthusiasm uscrs have for GRASS is cvident in these papers. Today GRASS faces and
exciting future as it expands and sces adoption by a variety of new organizations. You are invited to
share your cxperiences at the next User Group Mecting and to lecam how others arc using GRASS.

For morc informaticn on GRASS or the Annual User Group Meceting, contact the GRASS

Support Center at USACERL, (217) 373-7220.
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Analysis of Altemative Road Alignments using GRASS 3.0

Gary S. Waggoner

Geographic Information Systems Division
National Park Service
P.O. Box 2£287
Denver, CO 80225-0287

#BSTRACT

A "real life" example using GRASS 3.0 GIS technology to aid pianners in
developing a new park entrarce c J alignment at Great Basin National Park,
Nevada ie presented. Anaiyses and plots have been field tested by National
Park Service and Federal Highway Administration planners. GRASS 3.0 tools
including distance, weight, Geost. Gdrain, and Glos were employed in the ana-
lyses and are discussed in light of the fleld checking results.

Great Basin National Park was esta-
blished on October 27, 1986 making ii the
neweet national park in the National Park
ystem. Located in White Pine County, in
east-central Nevads, the park occupies
77,109 acres in the South Snake Range. It
was established "to preserve for the benefit
and inspiration of the people a representa-
tive segment of the Great Pasin of the
Western United States possessing outstand-
ing resources and significant geological and
scenic values." (Public Law 99-565). The
National Park Service (NPS) is currently
preparing a general management plan for the
park (NPS, 1988) and a GIS data base
including multiple resource themes encom-
passing a 928 square mile area is being
created to support this activity.

One of the proposals being considerec
is the building of a Vigitor Center in the
northeastern portion of the park near Baker
Creck. The NPS in cooperation with the
Federal Highway Administration (FHA) is
charged with developing a new park
entrance road and requested the GIS
Division’s support in this undertaking.

Since the GIS Division was already
conducting a beta test of the new GRASS
3.0 version, we decided to test several of the
new capabilities with a "real life” experiment

which would be field tested to give some
practical evaluation and feedback.

The author had several meetings with
NPS pianners to fully discuss the intent and
parameters involved in the test. After fully
describing the hypothesis of the experiment,
criteria for the selection of a road corridor
and a geographical window were decided
upon and GRASS 3.0 operations were
begun. The planners indicated that three
magjor criteria were important in these road
alignment considerations:

1. Slopes should be 7 degrees or less

2. Stream crossings should be minimized
and where necessary should be at right
angles to the stream

3. The entrance road should be hidden as
much as possible from the view of a
visitor « the proposed new visitor
center

Vegetation was not considered a significant
criterion because the vegetation throughout
the area of concern is a fairly homogeneous
sagebrush-shadscale-grass association. Nar-
row riparian zones do occur but are
automatically incorporated into the 30 meter
zell gsize used to delineate the small streams
in the area.




Using 1:250,000 scale digital topo-
graphic (DMA) data that had previously
been processed into elevation, slope and
aspect 90 meter cell data files, the slope duta
were reclassed o two classes, 0-7 degree
slopes and greater than 7 degree slopes.
Steam data were obtained from digital line
eraph ‘DLG - datacat the 1:100,000 scale and
rasterized into 30 meter cells,

Viewshed data were obtained by run-
ning t-los o the elevaton data mentionad
aove, A UTM coeriinete pair was rhigitized
froms a myvlar 124,000 ¢ de quadmngle on
which the planners had iocnea the §ropesed
ate of the Visitor Center, Gilos was min .
extend th vughout the predetermined win
dow of interest (9000 naeterss as viewed
fromm a point 50 fect above ground level
The wight vwas dewermined W conservaavely

samate the maxizanm viewshed from e
highest potenticd point of developmcst x
the propesed vistior center.

Weight was rext ured n create a cell
fiie which integrabed all - f the envionimen-
wl criterla. The planners assiated i estab-
lishing relative weights ©Hr the envimnmen-
tal vanables:

SLOPE: 0 - Tdegrees - U
Tdemrves 10
STREA M non stream <o
stre = 1)
VIEWSHED:  unseen arca = 0
seen area = b

Weights were integrated in an  additive
fashion. Class vidues rezulting fiom execut-
ing weight wer 0, 3, 10, 15, 20, and 25
retlecting ol the various combinations of
vriable  weights,  The resultant can e
desernbed as an "environmental cost map”
depicting the interaction of all the varables
considered in the analysis.

Geost wag then min on the “environ-
mental cost map.” Geost evaluates a cost
surface relative w a starting point. It estab-
lishes the starung point as a "low pomnt”
which the user wclects by entering a (7TM
coordinate par. This point serves as one of
two or more points to be connected in the
next step of the process ie. Gdran., A cell
map smilar to an elevation map is created
which ¢valuates the envirenmental cost of

geting to each and every cell in the window
from this starting point. The point was
selected by the planners to represent an area
near an existing road which would be used
to access the proposed Visitor Center. Once
again the point was accurately delineated on
a mylar 1:24,000 scale quadrangle sheet and
digitized to obtain accurate U'TM coondi
nates.

Following the creation ol the Geost
evaluadon surface, Girain was erployed w
operate on this file. A second point was
slected a2t the proposed intersection with
the existing State Highway 48, appimxi-
mately 2 miles south of Baker, Neva'a
This intervection point was digitzed frem
the myvlar quadrangle &cet and entered ax &
equired Gdrdn varable in UTM coordi-
naves,

(Gdrain is essenually a gravity flow
e and allows the user to conmect desig-
nieed  points Along the path of least resis-
tmnee  (5r least envirenmental costi. It
analyzes how an imaginary raindrop would
dran from any beginning point to the low
peint on *he mnap. If the "topography” of tie
map is in actuahty a synthesis of environ-
meuntally sensitive factors, then the resulting
drainage prth is an environmental least cost
path or corridor connecting the selected
POINts.

The result of the Gdrain operation
produced a cormdor for acceptable road
development comprised of sections of nar-
row road alignment, 30 meters wide, and
sections of broader zones of acceptable road
corridor hundreds of meters wide. In order
o seiect a specific, 30 meter wide road
alignmeni, within the broad zones of the
acceptable road corridor, the author decided
to use a buffering approach which would
force the selection of the shortest route
within the acceptable zone.

Distance was used to develop a buffer
surface with 237 concentric, 30 meter wide,
rings emanating from the in'tial digitized
poinut ie. the "low point” from the Geost sur-
face. Lach ring was weighted at its ring
order number away from the center point
vg. 1, 2, 3, Additionally, the unaccept-
able road alignment zone was weighted at
500 while the acceptable road cormidor zone
was weighted at 0. Weights were integrated




in an additve fashion.

The resultant environmental cost sur-
face map was operated on in a similar
fashion as described above with both Gcost
and Gdrain. The result of these sequential
operations was the creation of a singie, 30
meter wide. 6.5 mile long alignment con-
necting the two points and occurring only
within the acceptable road cormdor zone pre-
viously determined.

The narrow mad alignment was then
added to the inital broader zone comdor
using patch This patched file was in tumn
patched intu a celi file with existung roads
and trails. A plot at 1:1?,000 xcale was then
nroduced on nislar to overlay o topegraph:c
map which the NP8 and FHA plauners used
in the field to venfy the results ol tne
analyels,

During uie las. week in September,
NP8 and FHA planners went to Great Basin
national Park to evaluae the results of the
GRASS 3.0 road alignment analysis. After
extensive field work, checking numemus
gites along the GRASS 3.0-generated, pro-
posed road alignment, planners found the
alternative to be acceptabie and to meet the
criteria used in the model. They were very
ercouraged by the results of the field test
stating that “the corridor mapping was
extremely accurate and very helpful." (Goo-
arich, 1988). Subsequently, the IHA
planner in charge of developing the final
road alignment specifications expressed his
desire to work with our office combining the
Great Basin daw in GRASS 3.0 with the
technical engineering data that the FHA
CADD system produces. "The applications
could be very beneficial to both agencies.”
{Goodrict 1988). Our office will be pursu-
ing thig opportunity

NPS piar v+ hav. been further
encoursged to *  GIS technology by the
success of ipplication.  The entire

analysis was cwoecomnlished within a few days
and was compret. - ¢ and thorough in its
use of road dlignn, .t selection criteria. In
spite of the rzlatively gross digital topo-
graphic data used in the analysis, highly use-
ful, unbiased informstion has been gen-
erated in a timely fashion.

This application is also significant
because it further emphasizes the usefulness

of GIS technology in alternative formula-
tion, in addition to environmental impact
assessment, where it has been most fre-
quently used in the NPS. Although the use
of GIS technology is far from routine in the
NPS, successful applications such as this one
help to build a track record and develop
realistic expectations in the eyes of park
management. Once realistic expectations
from management can be met by GIS tech-
nology advancement, routine use of GIS will
occur. Based on the success and acceptance
of this application, GRASS 3.0 has moved
the National Park Service closer to routine
use of GIS.

REFERENCES

Great Basin National Park Act of 1986.
{ Public Law  99-565-- October
27,1986).

Natdonal Park Service. U. S. Department of
the Interior. 1988. Great Basin
National Park/Nevada, Altermatives
Workbook, Background and Alterna
tives. NPS D-12. July 1988.

Goodrich, Terry. 1988. Memorandum To:
Phil Wondra, WASO, Geographic
Information Sysiems Division; Refer-
ence: Great Basin National Park, Road
System Evaluation; Subject: Request
for Technical Assistance. October 17,
1988. Western Team, Denver Service
Center, National Park Service.




SELECTION OF LAND CONDITION INVENTORY SITES
USING THE GEOGRAPHIC RESOURCES ANALYSIS
SUPPORT SYSTEM

Steven D. Warren, Mark O, Johnson, Victor E. Diersing
and William D. Goran

US Army Construction Engineering Research Laboratory
Environmental Division
P.O. Box 4005
Chiamipaign, Tllinois 61820

ABSTRACT

Selection of representative siws for land condition inveatory can be a
time-consuming and subjeciive tagk. A pmceedure is currently being developed
by the US Army Construction Engineering Res arch Laboratory to remove sub-
jectivity and automate the site selecton process for military installations. The
procedure incorporates satellite imagery and digital soil surveys in the Geo-
graphic Resourves Analysis Support System enviropment. A military installa-
tion is stratified by imagery-derived land. over categories and soil series. Inven-
tory sites are allocated in a stratfied random fashion baged on the percentage of
the installatior: occupied by the various unique landcovers soil series categories.

Badkground

The US Army manages approximately
4.5 million hectares of forest and rangeland
in the United States. Increasing demands for
more frequent and larger scale military
training exercises compatible with modern
weaponry systems have taken a toll on the
land and natural resources. Some military
installations have experienced undesirable
shifts in plant species composition, reduc-
tons in vegetative cover and accelerated soil
erosion. s a result, field training realism
has diminished and the longevity of the land
for military training pwrposes has been
threatened.

In an effort to halt the degradation of
military land, the US Army Construction
Engineering Research Laboratory is develop-
ing an Integrated Training Area Manage-
ment (ITAM) program (1). The program
seeks to enhance natural resource conserva-
tion and realistic field training through the
integration of military training requirements
with environmental awareness education,

land rehabilitation efforts and land-use plan-
ning based on the capacity of the land to
support various forms of military training.
Effective land management is dependent. in
large part, on accurate assessment of the
quantity and quality of available resources.
Therefore, a major thrust of the TTAM pro-
gram is to inventory the current condition of
Army training lands in terms of factors such
as soil erosion and concealment resources,
and monitor trends in land condition over
time through a standardized procedure
known as Land Condition-Trend Analysis
(ILCTA) 12).

LLCTA  incorporates on-the-ground
sampling of soils, topography and vegeta-
tion. Vegetation is evaluated with both
point-intercept and belt transect methods
and requires a minimum area of 100m x
6m. Selection of representative sampling
sites for land condition inventory can be a
time-consuming and highly subjective task.
The purpose of this research is to develop
an automated, objective procedure for selec-




tinn of land condidon inventory sites. The
procedure utilizes satellite imagery, soil sur-
veys and the Geographic Resources Analysis
Support System (GRASS).

Discussion

The first step in the site selection pro-
cess is to acquire a SPOT satellite image of a
given military installation. Ideally, the
image should be taken at the time of year
when perennial piant growth is at a peak.
Based on reflectance in the green, red and
near infra-red spectral wavelength bunds, an
unsupervised classification is performed. All
land areas outside of the installation boun-
dary are masked from the satellite image
prior to the classification to prevent
influence from extraneous land cover types.
A maximum of 20 spectrally unique land-
.over categories are permitted. Due to the
nature of remotely sensed imagery, the
landcover categories are sensitive primarily
to the amount of vegetative cover and gross
physiognomic differences in plant communi-
ties and, to a lesser degree, plant species
composition.

The resulting landcover data laver pro-
vides an initial stratification for the site
selection process. However, a single
spectrally-recognized landcover category may
actually represent more than one distinct
plant community. This may be due to the
limitation 3f 20 landcover categories
imposed on the unsupervised clessification
algorithm or mgy result from the occurrence
of more than one plent community with
very &milar spectral reflectance characteris-
tics. In the latter case, differences in plant
species composition are often correlated to
differences in the soils that support the
vegetation. Therefore, a  secondary
stratification based on soil series is appropri-
ate.

Within GRASS a digital soil series data
layer is superimposed on the landcover data
layer. A GRASS "macro” algorithm has
been written that causes the computer to
recognize each unique landcover/soil combi-
nation as a separste category. The unique
combination of a landcover category with a
soil series category may occur as a single
polygon or as a series of spatially disjunct
polygons across the installation. Every

occurrence of the wvarious landcover/soil
categories is considered a potential inventory
site.

Depending on the amount of error
inherent in the imagery and soil source data,
and the emor introduced operationally
through data manipulation, geographic infor-
mation system products may possess
significant levels of error (3). Given this
possibility of error, in addition to the
minimum area requived for the land condi-
tion field sampling method, it has been
estimated that the landcover/soil polygons
must be at leest 2 hectares (5§ acres) in size
in order to be accurately identified and
inventoried in the field. Therefore, the
GRASS "macro"” that recognizes the unique
landcover/soil combinations has also been
written in a form that eliminates all
polygons that fail to meet this user-defined
minimui area requirement.

An additional GRASS algorithm is
used to randomly select polygons as field
inventory sites. The number of selected
polygons is dependent on the size of the
military installation. The current policy is to
allow one inventory site per 200 hectares
(600 acres). For larger installations this
may represent an unmanageable number of
sites. Therefore, the maximum number of
sample &ites is limited to 200. These sites
are randomly allocated to the polygons in a
stratified fashion based on the percentage of
the installation occupied by each
landcover/soil category.  This process
ensures proportional representation of all
landcover types and soil series. In addition,
it allows the spectrally recognized landcover
categories to be subdivided by soil series if
field data indicate that more than one vege-
tation community occurs within a given
landcover category.

Field crew leaders are provided with
clear Mylar plastic overlays which
correspond to US Geologic Survey quadran-
gle maps. The overlays are printed with all
polygons of sufficient size to be sampled.
The color scheme for the polygons is based
on the landcover categories. Polygons
selected for inventory by the randomization
process are labeled with icons. Soil series
delineations are outlined in black. It is the
respongibility of the field crews to identify
and inventory the areas represented by the




selected polygons. Once a given polygon is
found, the field crew establishes a per-
manently marked vegetation transect that
can be relocated and monitored in future
years to evaluate trends of declining or
improving land condition. In the event that
any given polygon is inaccessible or
unidentifiable in the field, the crew leader
must select the next nearest polygon of the
same landcover color code and soil series.

Condusion

This procedure for land condition
inventory site selection is currently being
implemented at 15 major US Army training
installations in the United States and West
Germany. Future improvements in the pro-
cedure will depend largely on advancements
in the field of remote sensing and image
interpretation.

RFEFERENCES

(1) Lacey, RM., W.D. Severinghaus and
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p. 10. In: Agronomy Absiracts, 1988
Annual Meetings of the American
Society of Agronomy, November 27-
December 2, Anaheim, California.

(2) Diersing, V.E., R.B. Shaw, SD. Warren
and EW. Novak. Methods for optimiz-
ing the managgement of U.S. Army
training lands, p. 7. In: Agronomy
Abstracts, 1986 Annual Meetings of
the American Society of Agronomy,
November 30 - December 5, New
Orleans, Louisiana.

(31 Walsh, SJ.,, D.R. Lightfoot and D.R.
Butler. Recognition and assessment of
error in geographic information sys-
tems. Photogrammetric Engineering
and Remote Sensing 53:1423-1430.




The Use of GRASS in Sampling Design - An Example

Susan C. F. Stitt

National Park Service
Geographic Information Systems Division
P.O. Box 25287
Denver, CO 80225

ABSTRACT

An example of designing a sampling scheme using GRASS GIS technol-
ogy will be presented. Topics to be discussed include the use of GRASS tools
in defining and redefining the population to be sampled and the need to clearly
define the hypothesis being tested, as well as the benefits GIS technology can

provide toward sampling design.

The Air Quality Division of the
National Park Service was requested by the
Pacific Northwest Regional Office to estab-
lish an baseline of elemental composition of
vegetation and soils in North Cascades
National Park Complex. This was to deter-
mine whether anthropogenic pollutants are
being deposited in the park’s ecosystems.
The sampling process was to include analysis
of subalpine fir, lichens, mosses, and soils.
A sampling plan was to be developed using
the exigting geographic information system
(GIS) data base for North Cascades National
Park Complex. This data base includes a
vegetation/cover type theme (Agee et al.
1985, Root et al. 1985), and elevation,
glope, and aspect derived from Defense
Mapping Agency (DMA) 1:250000 scale
data.

Working with a member of the Air
Quality Division staff and the team con-
tracted to collect the field data, the sampling
population was initially defined to be open
canopy subalpine fir on south, southwest,
and west facing slopes and within the park
complex boundary. These aspects were
chosen based on the assumption that the
large air masses were flowing into the park
from the southwest, and would appear in
vegetation on southwest facing slopes earlier
and more significantly than on other slopes.

Open canopy was important because pollu-
tants would presumably impact open canopy
vegetation more essily than closed canopy
vegetation.

The analysis to define areas fitting
these restrictions was relatively simple using
the GRASS GIS package. The vegetation
data was masked to include only the area
within the National Park Complex boundary.
This layer was created as a cell file through
Gmapcalc. This theme was then reclassed
to include only open canopy subalpine fir
and masked with south, southwest, and west
facing slopes thus establishing the sampling
population, or so we thought.

The next question was how to best
sample this population. One of the criteria
was that the sampling locations needed to be
spread throughout the park complex to
establish a parkwide baseline. It was
thought that a total number of sites between
156 and 25 could be successfully sampled
within a single field season.

Three possible strategies were pro-
posed for chooging sampling locations. Sim-
ple random sampling, not chosen ance it
would not be likely to generate sampling
locations spread throughout the park com-
plex. The second proposed strategy was
equal area / random sampling meaning split-
ting the park complex into regions contain-




ing equal park area from which random sites
could be chosen. This method was not
chosen since it would change the likelihood
of any given cell being chosen as a sampling
site. Areas with more sampling population
cells would reduce the chance of any given
one being chosen for sampling and areas
with fewer sampling population cells would
have an increased likelihood of any given
one being chosen for sampling. The final
proposed sampling method of equal popula-
ton - random =ampling seemed the most
appropriate. It consisted cof splitting the
park complex into regions containing equal
numbers of sampling population cells and
then sampling randomly within each region.
‘This method provided a means of spreading
the sampling sites throughout the park com-
plex without making any given cell any
more or less likely w be chosen for sanmi-
pling.

A report waz run to determine the
total number of sunpling population celis,
and it was decided to split the park complex
into 25 regions within which a random sam-
pling site would be selected. Initially the
park was split inwo 5 regons running
cast/ west each containing one fifth of the
sampling population. This was accomplishied
by changing the winduw, then running a
report to determine the number of sampling
population cells within the window, and by
trial and error, locating the window which
would contain as close to one fifth the sam-
pling population as possible. Again by trail
and ecrmror, each east/west region was split
into 5 smaller regions each containing one
twenty-fifth of the total sampling population.
Windowing in on each of the 25 rectangular
regions, a single sampling point was ran-
domly selected by generating random utm
coordinate pairs through a computer driven
random number generator, and using the
first location which fell within a sampling
population cell. This process was tedious,
and required the generation of hundreds of
coordinate pairs before locating one which
fell within a sampling population cell.

The sites were plotted and the field
crew visited the park, at which time the park
staff reviewed the procedure and a few of
the selected points were sampled. The accu-
racy of the sample locations being open
canopyv subalpine fir was low within the first
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few sample points visited, and the terrain
was steep enough to make field work virtu-
aly impossible in some locations. In addi-
tion, the park staff requested that the sam-
pling procedure be changed to alow for
comparisons between watersheds. Their
experience led them to believe the air was
flowing in different patterns within different
watershed regions of the park. the largest
difference being between the areas east and
west of the continental divide.

Seven watersheds (G. Larson et al.,
Oregon State Univ., Draft) were delineated
on a park topographic map and then dig-
tized and entered into the North Cascades
data base. These then becarne the regions
within  which sampling was done and
between which the sampling results could be
compared.

The population to be sampled was
redctined  to ameliorate  the problems
encountered  in the field. It was
hivpothesized that a given cell was more
likely to be classified correctly as subalpine
fir if it was not a single cell, but was within
a large “polygon” of subalpine fir cells. A
requirement was established that all stands
of open canopy subalpine fir be at least 19
acres in size to be included in the sampling
population. A cell file with these stands was
generated by running Gclump on open
canopy subalpine fir, then generating a
report on this new layer, and manually
choosing and reclassing only those clumps
which were at least 19 acres in size. South,
southwest, and west slopes were then used
as a mask, and a new layer of open canopy
subalpine fir on south, southwest or west
facing slopes was developed. The problem
of field work on extremely steep slopes was
ameliorated by masking on slopes less than
65%.

It was requested by the field crew that
at least 10 random sites within each
watershed be generated, so that if a site was
not correctly identified as subalpine fir, a
new sampling location could be easily
identified while in the field. At this time
GRASS3.beta had been compiled on the
computer being used, so the random sample
locations within each watershed were gen-
erated through the new module random.
These sites were plotted for the field sam-
pling work.




The use of GIS technology greatly
enhanced and streamlined the creation of a
sampling design. The sampling strategy was
changed in mid-project and a new sampling
population was defined. This would have
been more complex or perhaps even impos-
sible without the use of a GIS. However
much work could have been avoided if the
question to be answered by this study, had
been clearly defined earlier in the project.
Specifically, are the comparisons of results
to be done on an east-west and north-south
basis, or between geographically defined
regions such as watersheds. Through the
use of GRASS GIS, the population to be
sampled was readily defined and redefined
within a short tme frame, without a GIS,
the same questions could not have been
easily answered.
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THE APPLICATION OF GRASS-GIS IN ARCHEOLOGICAL
INTRA-SITE SPATIAL ANALY SIS

by Ishmael Williams

Arkansas Archeological Survey
P.O. Box 1249
Fayetteville, AR 72702-1249

ABSTRACT

Archeological site data, like geographical data. consist of observations of
the spatial properties of varlous phenomena, that can be manipulated and
transformed to gain insights into problems of a multivariate nature. While,
archeological site analysis operates on a much smaller geographic scale than
most GIS-based studies, the multi-faceted complexity of a large excavated site
containing thousands of artifacts, structural n 1ains, and activity loci can pose
as great a challenge in data management, analysis, and interpretation as any
regional siudy. By applying a GIS system in concert. with a relational database
such as INFORMIX together with an e¢xploratery data analysis system such as
the S interactive statistical environment, this analytic task can be much
improved over traditional archeological intra-site analysis procedures.

Badkground

Over the past two years the Arkansas
Archeological Survey (AAS), with the
cooperation of the U.S. Army Construction
Engineering Research Lab (CERL), has
engaged in developing GRASS-GIS applica-
tions in the assessment of site variability at
Ft. Hood, Texas. Our most recent efforts to
erroloy GRASS in archeological analysis
focuses in on the individual site as the basic
unit of study. This area of GRASS archeo-
logical applications at the AAS is only in its
inidal developmental stage and more work
remains to be done before we can report
fully on the utility of GRASS for this type
of analysis. This paper discusses some of
the characteristics of archeological site data
to show how an approach that combines a
relational database management system, a
GIS, and a statistical system for exploratory
data analysis can be implemented to
improve the efficiency and flexibility of
intra-site analysis.

Conventional  Archeological Intra-Site
Analysis

The archeologist seeks to reconstruct
past lifeways by uncovering and bringing
order to the distributions of tools, tool mak-
ing debris, cooking hearths, trash pits,
house support postholes, stockade lines,
burials, food remains, and other deposits.
Typically the archeologist has a number of
aspects of site data to explore and multiple
questions to answer. Some basic questions
might relate to the vertical and horizontal
locations and associations of well-datable
diagnostic artifacts that can be used to deter-
mine the age and cultural affiliation of levels
of the site or the existence of particular tool
kits as inferred from the covariation over
space of sets of artifacts. Beyond the stan-
dard goals of placing the site within a gen-
eral temporal and cultural context, the
archeologist might also want to explore the
spatial aspects of site development in terms
of the partition of the site into discrete use-
areas corresponding to site occupation
episodes, family household locations, task-




specific activity loci, group or public use-
areas, family and village waste disposal
areas, and ceremonial areas.

These levels of archeological pattern
recognition must be inferred from basic
units of artifact data recovery. This is
accomplished through careful excavation of
the deposits with very precise control over
the provenience or vertical and horizontal
locaion of archeological samples. Fre-
quently there are two closely related com-
ponents to a site occupaton. The first is the
consists of the narrow zone of archeological
debris perhape 10 to 30 cm thick extending
horizontally across the site which encom-
passes the original living surfsce and con-
tains most of the site debris. Such debris
may include clusters of tools and pottery,
lost or discarded artifacts, the waste debriz
“mm stone tool manufacture, and bita of
fell, animal bone, and carbonized plant
rcraains discanded as refuse. The second
part of a site occupauion includes the pits,
house support postholes, stockade lines,
purials, and hearths commonly referred to
as features that were dug by the inhabitants
of the site through the occupation level into
the subsoil below. Data from the occupa-
tion surface are recoversd through excava-
tion of square sample unite laid out across
the site in a grid fashion while features usu-
ally are excavated as discrete units.
Features and sampling units and the particu-
lar vertical levels in which each were exca-
vated represent proveniences that constitute
the fundamental units of site analysis.

After laboratory processing, conven-
tional site analysis begins by examining the
distribution of classes of artifacts such as
pottery, lithic tools, lithic waste material,
bone, plant remains and other samples for
the site as a whole and for each of the
feature and test unit proveniences. At some
point in the analysis, the archeologist begins
to focus in on the relationships between
pairs or sets of multiple artifact classes that
are associated with an activity or some other
behavior that took place on the site as
inferred from their covariation across
features and test units and between different
horizontal zones of the aite. For lack of any
other means, gite data are often analyzed in
a rote fashion to look for significant statisti-
cal trends in the univariate, bivariate, and
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multivariate associations of tool sets and
artifact classes. In relying on cumbersome
time-consuming batch programs, there is
often little chance for multiple iterations to
explore alternative ways of expressing the
data and refining results.

To explore intra-site patterns, detailed
gite plans, consisting of meticulously hand-
drawn maps of features, artifacts, and test
units, are then manually or mentally over-
laid to obtain a sense of the composition of
the site with respect to the dozens of single,
bivariatz, and multivariate dimensions of the
data. Thie sometimes includes the exvres
sion of raw or transformed data to assess
gpatial patterns in the distribution of
artifacts using choroplethic mapping tech-
niqucs. Becmuse the techniques to accom-
piish these tasks are not well integrated, the
process of setting up and running pregrans
for intra-gite spstial auaiysis consumes a
large amount energy that could be better
spent in the actual mental processes of site
analysis.

A Comprehensive System for Intra-Site
Analysis

What lacking in the conventional
approach to site analysis is a comprehensive
means of efficiently storing, displaying,
combining, and manipulating artifact data in
an interactive fashion to explore data and
build a series of new site mape that derive
from the resuiting higher levels of under-
standing of the multidimensional aspects of
the data attained at each step of the analysis.
What is needed, in addition to access to a
GIS like GRASS, is relational database
management system to serve as a means of
retrieving basic descriptive and locational
information on artifacts referenced to each
feature and sample unit provenience and
linkage between the GIS and a compatible
interactive exploratory data analysis (EDA)
system.  Fortunately, the components
needed to build such a system are available
now.

The first component, an efficient data-
base, is met at the AAS with an INFORMIX
relational database called DELOS developed
by the Survey to access site level archeologi-
cal data. DELOS is designed to afford flexi-
ble processing of data about archeological
materials and their spatial context by linking




provenience  information  concerning  the
vertical and horizontal location of an artifact
with descriptive observations about the mor-
phology and cultural context of the artifact.
The DELOS svstem for ordering artifacts is
arranged in a hierarchical framework to
allow for varying levels of specificity in the
classification of artifacts. For example, one
could access the locations, counts, and
weights of all pottery from a site or pottery
of a certain design and cuitural affiliation. or
only the counts of rim fragments for a cor
tain pottery type or the vessel diameters for
nms In addition, these pottory attnbutes
could be accessed for any or all dicrew
excavation units and vertca! levels within
units or for varous pits, postmolds, and

burials.

Two of the components of uis site
analvsiz system, a GIS and an EDA are
alrewiy well integrated in GRASS «CERL
1988 GRASS, the Geographical Resources
Analysis Support Svstem, is o comprehen-
sive: Geographical information Systen - GIS
developed for Army installauons by the ULS.
Armny Construction  Enginecring Research
Labomtory  CERL).  GRASS is  an
integrated  set of tools w manage land
resources by providing means of inputting,
swring, and mampulating data which are
stored in maplayers consisting of spatially
discrete cells across the region of interest.
GRASS can store and pmcess information in
terns of a vectors tclumps of cells) or as
coordinate point data (single cells). Many
useful tools for intra-site analysis are avail-
able in GRASS such as mapping programs,
nearest  neighbor  analysis,  proximity
analysis, cost-surface  studies, coincidence
and chi square tables, and many other
boolean, mathematic, and algebraic func-
tions that operate on mapsets.

The EDA component is met by "3", an
interactive environment for data screening,
analysis, and  graphical display that runs
under the UNIX operating system of Bell
Laborawries (Becker and Chambers 1984,
DA is an inductive approach to searching
for patierning in a dataset with the goal of
of gaining insights into the nature of the
data’ 2 total structure, parucularly the unanti-
cipated relationships that may occur. EDA
involves iterative, stepwise examination .ud
visual inspection of the many alternative
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representations of the data and utilizes
graphic representations such as three-
dimensional plot rotations of multivariate
relationships to bring the brain’s fuil visual
processing capabilities into the gestalt of pat-
tern recognition. S can also be used to
setup deductive analysis by using the EDA
capabilities as an entry level step in a multis-
tage investigation where the relevant rela-
tionships are first assessed to explore the
complex multidimensionality of the data
prior to hypothesis formulation (Carr 1985).

In aldition to the analytic tools pro-
vided within GRASS, GRASS is setup to
tranzport informaticn from datalayers to 8
via the GRASS to S miodule, and the S sys-
tem is well setup for other sorts of analytic
tazchnigues that mayv be desirable in site
anzlysis. Thus, if the mapset categories are
features, sample units, and surface ccllec-
tiocn gids and the mapsets are aill aufact
classes recovered during the excavation,
(GRASS acts as a component in a database
management system for setting up EDA in
3. The AAS has developed modules in S
that make available, in a menu form. mac-
ros for univariate, bivariate, and muluvari-
ate analysis of datascts that have been tran-
gported from GRASS. The modules will
allow access ty S statistical options such as
boxplots. histcgrams, bivarate plots, regres-
sion analysis, three-dimensional spin of data

swarms, cluster analysis, principal com-
ponents analysis, discriminant function
analysis, multidimensional analysis, and

many others. There is also the capability of
routing output from analysis in S back intc
GRASS as a new maplaver to be displayed
and manipulated using GIS tools.

Setting up Site Data for GRASS and S
Analysis

The AAS is in the process of analyzing
and loading site data into GRASS for the
Hardman Site (3Cl418) located in Clark
County. Arkansas recently excavated by the
AAS for the Arkansas Highway Transporta-
tion Department. Hardman is a prehistoric
Caddo Indian habitation and salt processing
site, dating between 1400 to about 1600
AD. Excavations at Hardman recovered
over 900 features identified as support-posts
for houses, screensg, and enclosures; refuse
pits; burials; hearths; and thousands of




artifacts of stone, bone, and shell; frag-
mented and whole ceramic cooking, storage,
and salt evaporation vessels; plant and
animal food remsins; and chronometric
samples that will be used to date arees or
levels at the site.

The excavation sample units of the
occupation zone include a dozen 2 by 2
meter units and fifty-five 1 meter by 50 cen-
timeter column samples. These units are
being individually digitized as vector
maplayers from records made in the field.
Each unit vector has an identification label
that corresponds to the field specimen
number assigned all artifacts recovered
within each level of each unit of the occupa-
ton zone. This maplayer of excavaticn
anits will be loaded with counts and weights
of particular artifact types, bone, plant
‘omnains, etc., from the DELOS database
ud new seperate maplayers will be created
for each class of archeclogical material.
iThese datalgyers will then be accessible to
GRASS toole such as ueighbors, Ginfer, and
Gmapcalc to extrapolate patterns in the den-
sity distr'bution of artifacts. Datalayers can
also be combined when appropriate with the
overlay iools in GRASS to provide a view of
patterns of multiple artifact distributions and
evaluated with the ccincidence tools to
assess the association of pars of artifact
classes.

The features (hearths, bunals, pits,
and postholes) are being digitized ag vectors
or ar coordinate points from gite maps
prepared frorn drawings &and instrument
readings mede in the field. One maplayer
will be made for each of the feature clasees
to pernit flexibility in later segregation or
overlay. The vectors are of a varety of
shapes consisting of circles, ovals, and irreg-
ular amoeboid-like features which are being
digitized using the stream mode. The
tnajority of the postholes are being loaded as
points which can be displayed with icons
designed to spproximate the circular shape
and proportonal diameter of the original
posthole so that & realistic map of the site
can be displayed. Like the excavation units
artifact data from DELOS are being loaded
into each feature vector to create many
datalayers that can be analyzed with GRASS
and S tools in a number of permutations of
feature type and artifact class.
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Since the vast number of postholes
makes recognition of circular house pat-
terns, enclosures, and other sets of related
features difficult, the postholes maplayer will
be subsetted to remove the noise created by
multiple and overlapping occupation
episodes. As we learn more about the site
based on the archeological content of
features, a series of maps will be generated
to represent our understanding of the pat-
terns and associaticns of pits, burials,
postholes, and hearths and their affiliation
with datable episodes of site use. Multivari-
ate analysis of the artifact content of the
occupation level and the features should
help us to also obtain details sbout the spa
tial structure of the site with respect to the
positions of activity use-areas which can also
be displayed with the other site data to build
a picture of the site for the vanous prehis-
toric occi'pation episodes.

The use of GRASS in combination
with a relational database management sys-
tem like DELOS and an interactive EDA
such as S can go far in providing the tools
necessary for fleshing out the multidimen-
sional nature of site development and past
lifewsys. A detailed evaluation of the
implementation of GRASS in the Hardman
intra-site analysis will be reported later this
year.

REFERENCES CITED

Becker, Richard A. and John M. Chambers
1984 An Interactive Environment for
Data Analysis and Graphics. Wads-
worth Advanced Book Program. Bel-
mont, California.

Carr, Christopher 1985 For Concordance in
Archeological Analysis, Bridging Data
Structure, Quantitative Technique, and
Theory.  Westport Publishers in
cooperation with the Institute for
Quantitative Archaology, University of
Arkansas. Kansas City.

CERL 1988 GRASS 3.0. September, 1988.
Unmied States Army Corps of
Engineers, Construction Engineering
Research Laboratory, Champaign, 1li-
nois.




GRASS APPLICATIONS IN MACRO-SCALE
CHOROPLETH MAPPING

J. J Lockhart
Arkansas Archeological Survey
P.O. Box 1249
Fovetteville, AR 72701

ABSTRACT

The Arkansas Arlicoligical Survey is currently preparing an overview of
the cultural resources found in the US. Amny Corps of Engineers
Southwestern  Division.  This paper outlines the processes involved in
representing the spatially oricnted attributes of the eight-state region using
GRASS and the cartographic tochnigque of choropleth mapping. In particular,
the issues of data collection, standardization, . !assification, symbolization, and
map production are discussed in terms of cartographic theory and GRASS appli-

cations.

Over the pest several years, the Arkan-
sas Archeological Survey has been prenaring
an overview of the cultural resources found
in the US. Anmny Corps of Engineers
Southwestern Division. Among other tasks,
the project involves the identification of cul-
tural features found in the study area, and
will result in a number of recommendations
concerning resource management. These
recommendations will be based, in part, on
locational analysis made possible through
the development of a database and
corresponding GRASS data layers.

The study area encompasses almost 20
percent of the continental United States and
is comprised of more than 600 counties in
Arkansas, Louisiana. Texas, Oklahoma,
New Mexico. and parts of Missouri, Kansas,
and Colorado. The corresponding database
for the Southwestern Division contains a
number of individual data themes. ranging
from various attributes of archeological
interest to demographic information such as
population density and change over time.
Much of the available information was
recorded in the form of county totals.

Data collected by statistical areas such
as counties is often represented using the

cartographic technique of choropleth map-
ping. From the Greek words, "choros”
meaning place, and "plethos” meaning mag-
nitude, the term “choropleth” denotes a
specific type  of representation in which
quantitative thematic maps are used to sym-
bolize the magnitude of ordinal level data
within the boundaries of unit areas (Robin-
son et al., 1984).

The extensive use of choropleth maps
may be due, in large part, to the efficiency
with which they communicate geographic
information, and the relative ease with
which they can be produced (Anderson and
Child, 1987). There are, however, several
fundamental cartographic principles that
should be considered in the design process if
these maps are to be effective in terms of
graphic  communication. In particular,
choropleth mapping is dependent on data
collected by statistical or administrative
areas such as states, counties, or census
tracts. Because these units are often of
unequal size, the data to be used is generally
standardized such that it takes the form of
some type of ratio such as densities or per-
centages. After the dita is standardized, the
data elements are typically grouped into four




to seven classes each of which is assigned a
representative color or pattern. Using this
technique, each area on a map is assigned
the appropriate symbolization according to
the data range it fits into. Finally, map ele-
ments such as the title, scale, legend, and
data scurce are added to ccmplete the carto-
graphic product.

Data Collecion The initial require-
ment for the mapping aspect of
Southwestern Division Overview was the
collection of quality infurmationn. The data
used in the project comes {rom a variety of
sources including the U.S. Census »f Popu-
lation, and archeological inventories for each
of the six study urits. Data tor each satiri-
bute to be mapped was entered Intc a date-
vase according to  county o1 county
equivalent. So, the first data field consisted
~f the 509 county names sorted alphabeti-

w:v  The next field contained -ach
cotuily’s  igentificaion  number. This
number vas  aso  encoded into  the

comesponding county area on the base map
in GRASS so that data values could »e
keyed to their locational counterparts. The
nex. twe fields conaisted of state and study
unit affiliation. Then, a field for each of the
veriables to be mapped was established, and
the aporopriate values for each county were
entered.

Data Standardization Certan data
fields, such as "county area in square miles"
and "population by county’, were added to
the data base for purposes of standardiza-
ticn. As previously mentioned, data in the
forn ¢¥ absolute, or raw, numbers alone are
not ordinarily used in choropleth mapping
tRobinson et al., 1984). Absolute numbers
are typically standardized so that the data is
represented either by ratios involving area
such as densities, or ratios independent of
area such as percentages or proportions.
The reason for thus is that most choropleth
maps contain areas which are unequal in
gze. F.r example, los Alamos County, a
very small county in north-cental New
Mexico and its neighboring county, Santa
Fe. have a aimilar number of archeological
sites. However, to show them in the same
class would be a misrepresentation due to
fact that Santa Fe County is more than 17
times larger than Los Alamos County. To
correct for this, archeological sites in each of
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the two counties were standardized by
county area so that the finished map
represented archeological sites per square
mile. An example of standardization
independent of area, on the other hand,
might be a choroplethic representation of
population crange through time in which
change for each county is shown as a per-
centage so that the unequal size of the
counties is not a factor.

Data  Classification After  the
Soutiwestern Division database was in
place, the next step was to establish data
categories for each attribute by grouping
amilar data elements intc classes. The pur-
pose for ciessing the daia is to generalize,
and thereby simplify and enhance the recog-
nition of the geographic patterns. In order
to maximize classing accuracy, areas which
are quantitatively similar should be grouped
together and represented by the same sym-
bol However, because of the existence of a
varietv  of classing procedures, several
different map distributions car. be generated
u-ing s sngle daia se*. This situation poses
a problem to cartographers conceming which
classing method, or algorithm, to use with
any given data set. While certain classing
methods produce more accurate results with
certain data distributions, some research has
shown that the classing method most likely
to produce accurate and reliable results with
any distribution is the optimization pro-
cedure first proposed by Jenks and Caspall
in 1971 (Smith, 1986). Optimization class-
ing is an iterative process which establighes
class intervals by minimizing variation
within classes and maximizing variation
between classes.

In addition to accurate classification,
proper legend design can also enhance the
effectiveness of choropleth map communica
tion. The legend should contain the actual
ciass limits without reporting values which
do not occur in the data vet. The result is to
narrow the reader's estimate of the actual
value of any area belonging to each category
{Dent, 1985).

Data Symbolization Conceptually, by
using area symbols with quantitative data, a
statigtical surface, or z-value, is implied. In
choropleth mapping each statistical area is
symbolized to represent the vertical height
of its data value (Dent, 1985). This princi-




ple can be demonstrated in GRASS Ly
assigning  a verticall exeggeration to  any
choruplethic data layer, and then viewing
the result from an oblique angle using the
GRASS module "d.3d". A chorvpleth map.
in other wonds, is a planimetric representa-
tion of a "stepped” statis ical surface in that
the data used is discrete rather than continu-
cus, and disuibutions are comtutled by poi-
weal or admini=strative subdivisions,

The primary objective in cartemnphie
syinbolizauon 13 tw clarity  and
avoid visual confusion or anbiguity 1Jenks
and Knos, 1961 Ordmanly, since chero-
pieth maps are intended o delincae aval
differences in magnitude, clies svimboliza-
ton should be desigmed such thad the reader
can attvely diserrr the hicvacchie organt
zaion of the map categoress In other
worde, e reider should be able to deer-
mine e bicrarchy even without s logend,
Rendon ¢r imiproper svinbol selection, on
the other hand, vsuls o the reader con
urucusly having teoreter ot legend w©
detwrmine  the  syiabol  hierarchy,  which
interferes with the communization of the
grographiuc pattern being represenied.

preserye

There are some cartographic conven-
tions which mlate to the gradation of colors
for quanttative thematic mapping Dernt,
1985 The Simple Hue Plan is a one-color
scheme which wlies on variaticng in color
value % whieve conuast betweon area syin-
bhoix, and w . stablish the visual lierarchy.
For  example,  svmbolization  would  be
cornpiised of a graded series rnging from a
lienit, high-vaiue hue for the representation
of the lowest data clements W progressively
darker shades of the same color as class lim-
1= INCreas:.

Another gradation scheme = the Part-
Spectrad - Plan which ases i the
equence in which they occur in the elec-
tmntec e specten, Sheetrdd colors range
from viclet, the shorest visible wa elength,
cons-cuuvely through blues, greens, yel
cranges.  and  reds,  which  are
cotnpmsed of  the lorpest visible
wavelength: The theory behind the Part
Spectral Plan iz cormborated by 2 physwlog:
ical  phenomenon  known  ax “advance
reueat” which holde that short wavelength
colors focus in front «f the rtina and long
welength colors fheus behind, Conse-

colors

lows,

quently, the longer is wavelength, the
closer a color will appear to the observer.
The Part-Spectral Plan uses hue and value to
differentiate  between areal symboils. For
example, classes could be symbulized by yel-
lows, oranges, and reds, with vellow
representing the lowest class limits and red
representing the highest class limits,

Map Production Manv ot the 1haps to
be used in illustrating the various data
wirmes included in the COE Southwestern
Division (iverview were produced using
GRASS software. An equal-area projection
wis chosen for the base map nsed in digitz-
mg. Then the map was redigtered using an
arbitrary point of origin and meters as e
map units, Kach countv was digitized, and
encoded with the same number that it was
enresented by in the database file.  After
the encoding, the vectorized bas map was
connered into > cell file which became the
bowe mop for the reclassifications that pro-

the subsequent choropleth  maps.

evh o data field was standardized. 2
swrted Lise of the values was run threugh a
classing program to establish class limits for
cach map. Each county was then assigied
to a class according to the individual data
theme, and a script was generated and read
iito the GRASS "Greclass” module using
the rasterized base map as the input data
iayer o create each new ¢oropleth map.
The maps were then supported with color
and category information. and essental rap
clements such as title, legend, date, data
soutce, and scale were added to complete
the mag production process.

In many analytical &tuations, being
able to actually uistinguish spatial patterns,
rather than just looking at a c~lumn of daa
values, can be an important part of the
decision- making or problem-selving pro-
cess. The primary purpose in choropleth
mapping is to portray the general distribu-
tion of an attribute. And, with adherence to
a few basic cartographic dezign principles,
choropleth maps can be valuabl- tools in the
cominttnication and interpretation of com-
plex spatial relationships.

f!‘ Ilj{‘(f

Aruer
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RECLASSING IN GRASS AND ITS APPLICATIONS FOR
SOIL ATTRIBUTE DATA

Pamela Thompson

U.S. Army Corp of Engineers
Construction Engineering Research Lab
P.O. Box 4005
Champaign, IL 61824-4005

ABSTRACT

The Gceographical Rescurces Analysis and Support System (GRASS) isaa
grid-cell based Geographical Infornation System (GIS). GRASS is a tool that
can be used to manipulate map layers and perform analysis useful for environ-
mental planners and land managers. Each map layer in GRASS is made up of
two different types daia: (1) the spatial daia that designates where in space a
particular geographic feature occurs, and «2) attribute data that assigns the geo-
graphic feature a specific label. New map layers can be created from existing
layers by using the RECLASS function which assigns new attribute data to the

existing spatial data.

Reclassing is especially useful for
United States Department of Agriculture -
Soil Conservation Service (USDA-SCS) soils
maps, since each mapping unit on a soils
map has several scil properties and interpre-
tations associated with it. Map layers
representing these properties and interpreta-
tions are useful for many types of analysis.
In addition, USDA-SCS has their soil infor-
mation entered into 2 databases which can
be accessed through a search and retreival
system, creating a readily available source
for reclass information. However, SCS soil
information is structured so that most of the
data is based on soil taxonomic units and
not on the mapping units depicted on a soils
map. Reclassing the soil mapping units into
properties and interpretations based on taxo-
nomic units can become confusing, since
mapping units often contain 2 or more taxo-
nomic units. Furthermore, soil properties
for any particular taxonomic unit are
recorded by soil horizon. The depth incre-
ments for soil horizons vary from soil to
soil, making reclassing for a specific property
difficult. Because the reclassed maps derived

from soils maps are useful and important for
so many types of analysis, consideration
must be given to the issues involved in
reclassing soils maps.

RECLASSING IN GRASS

The Geographical Resources Analysis
and Support System (GRASS) is a Geo-
graphical  Information System (GIS)
developed at the U.S. Army Construction
Engineering Research Laboratory, Cham-
paign, IL.. GRASS is a tool for storing, com-
bining, analyzing and displaying multiple
map layers for use in environmental plan-
ning and land management. It is a grid-cell
based GIS, but does have some vector
display capabilities.

A map layer within GRASS is made up
of two types of daia; (1)the spatial data that
designates where in space a particular geo-
graphic feature occurs, and (2) attribute data
that assigns the geographic feature a specific
label. For instance a vegetation map layer
would consist of spatial data that puts the
areas of specific vegetation types in the




correct position in space and attribute data
thet records what type of vegetation com-
munities are present.

Since spatial and attribute data are
entered and stcred separately in GRASS,
new map layers can be created from the
existing spatial data simply by assigning a
new set of attribute data This is done by
using the redass or Gredass function in
GRASS. In the above vegetation overlay
example, the attribute Jdata assigns each arca
of the map a vegetation type. This overlay
can be reciassed to create a map represent-
ing any of a number of properties or charue-
teristics of these vegetation types, such as
cover density, total forage producticn, etc...

In the interest of saving disk space,
reclass does not actually produce a new meap,
but instead, crestes a reclass table containing
“ e new attribute daa which is stored anc
waed to reclassify the original map layer
whenever the new neciassed map name is
requested. As far as the user is concerned, a
new reclassed map has been created.
Because reclass tables are based on the origi-
nal map layer. reclass maps are only avail-
able as long as the original map layer
remains in the database.

Reclassing is especially useful for
creating additional maps from original soils
maps. Soil maps are commonly reclassed
into soil property or soil interpretation maps.
These types of reclassed soil maps are useful
as input for various analyses, such as
evaiuating soil erosion status, siting a new
landfill or determining suitability fcr crup
production. Another reason soils maps are
particularly suitable for reclassing is that the
United States Department of Agriculture -
Soil Conservation Service has put their soils
property and soil interpretation data into
databases which can be accessed through a
soile information system. Reclassging can be
done using a soils infoermation gystern and a
dala base management system (DBMS), or
by entering reclass information directly.

SOILS DATA SOURCES
USDA-SCS (United States Department
of Agriculture - Soil Conservation Service)

is in the process of mapping soils for all
areas of the United States. SCS produces soii
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gsurvey reports, using nationally approved
guidelines and definitions. These soil survey
reports give general descriptions of mapping
units, as well as estimates of soil properties
such as texture, permeability, and have
tables giving physical and chernical proper-
ties and use interpretations for the soil
series and phases of a soil series. Soil survey
reports are published for specific soil survey
areas which are most commonly counties or
groups of counties. These reports can be
ordered by contacting either the SCS field
office for the survey area of interest or by
contacting the State SCS office for the state
containing the survey area.

The soil infornnation contained in soil
survey reporte is also available through SCS
soil databases. The data developed in the
process of making soil surveys are entered
into a computer at the Statistical Laboratory,
Iov 2 Staw University, Ames, iowa.

The data are entered into two different
databasrs, SOI-5 and SOI-6. The SOIL-5 is
the datebase for the taxonomic unit, usually
soii series (and phases of soil series). It con-
taias information from the Soil Interpreta-
tion Record, which consists of a brief soil
description, as well as estimates of soil pro-
perties such as texture, permeability, depth
to bedrock, frequency and duration of {lood-
ing, yield estimates of crops, woodland and
range production under stated management
systems, suitability or limitations of soils for
specified land uses, and soii features
effecting specified land uses.

The SOI-6 database is the database for
the mapping unit. It contains information
from the Map Unit Records, which consists
of mapping urit characteristics (such as
slope, USDA texture, flooding frequency,
prime farmland code), critical phase criteria,
end survey acreage by county. The SOI-6
database does not, however, contain infor-
mation abou. specific properties (other than
those listed above) or about use interpreta-
tions. This type of information is only in the
SOI-5 database.

It is important to distinguish between
taxa in soil classification and mapping units
on a soil map. Soid Taxonomy (Soil Survey
Staff, 1975), makes the distinction between
the taxonomic unit (or soil series, family,
great group, etc.) and the units shown on




the map (map units), saying they are two
different things and must not be confused,
even if they carry the same name. Taxo-
nomic units are described and defined using
clear rules and guidelines. However, because
soils can vary greatly in their properties,
they rarely fit neatly into the bounds of the
taxonomy. The mapping units often
represent variations from the central concept
of the taxonomic unit. In addition, mapping
units are used when separating individual
soil taxonomic units wouild be unpractical.
For large-scale maps SC3 defines la e
scale maps as maps with scales of 151,650
or larger), mapping units are m-.st com-
monly named as phases of o <1t serics. But,
soils can often be too wuall or too intricately
associated with  other soils w  mapped
separatels- at scales commonly used for soil
maps. In these cases. mapping units A
comme nly named as a complex of two or
more il series, an associations of twn or
more series, or & combination of two or
more undifferentiated srvups, depending ou
the vanability of the delineated map areas
and on the constrainws placed by the seale of
the map.

APPROACHES TO RECLASSING

SOILS MAPS

Information “r reclassing soils maps
can be acguired from soil survev reports or
from soil databases, such as the SOI-5 and
S0I-6 databases. Whether using a soil sur-
vey report directly or using soil databases.
there are inherent problems trying to relate
the conceptual taxonomic unit (SOIL-5) to
the soil mapping unit (SOI-6) for the pur-
poses of reclassing soil maps for further
analysis. It becomes difficult to assign
specific soil properties or interpretations o a
soi! mapping unit that sometimes includes
more than one taxonomic unit. In particular,
w01l complexes present a problem because
they can consist of component soil series
that can vary greatly in their properties or
use interpretations. Soil associations do not
seem to cause a problem, since they are
usually mapped only when their component
soils are similar in their properties and use
interpretations. In a soil survey report, soil
complexeg are described with the approxi-
mate relative percentages of its component

soils included. When using a soil survey
report to reclass, soil complexes could be
named with the percentages of component
soils included. Then, when using the
reclassed map for further analysis, a
weighted average approach might be taken.
Currently, the SOI-6 database (Map Unit
Use File) does not give relative percentages
of component soils for soil complex<..

One way of appicaching this problem
of reclassing sl complexes using the SCS
datahuses is to reclass using the values frum
the SOI-5 database for the element of the
complex that constitutes the greatest area of
the mapping unit. Complexes are named by
listing tlie niame of the scil that makes up
the greatest vortion of the mapping area
first. If the goal for reclassing is to create a
general soil properties map, this approach
may be sufficient. However, when the map
ix 0 be used for specific management pur-
poses, such as suitability for pesticide appli-
cation or suitability for landfill cover, this
method may result in classifying an area as
suitable when somewhere within the area
there are soils with severe limitations.

Another way of reclassing soil maps is
to use a limiting factor approach. For this
method, soil complexes or associations (if
needed) would be assigned values
corresponding to the soil element that has
the most limiting factor for the purposes of
the map. Of course, this assumes that the
uses for the map are known before reclass-
ing. For instance, if a soil map is being
reclassed to 2 map showing suitability for
basements with dwellings, the soil com-
plexes would be given values corresponding
1o the soil element within them that has the
most severe limitation for dwelling with
basements. This would prevent the area
mapped as a complex from being classified
as good for dwellings with basements when
it may actually contain a soil that has very
high shrink-swell. When using the limiting
factor approach for reclassing a soil map to
soil properties such as pH, texture, bulk
density or erosion factor, the ulimate use
for the map must be known in order to
reclass using the correct value (high or low
values being limiting?). For instance, if a
soils map is being reclassed to represent soil
permeability and the resulting map is to be
used to indicate those soils suitable for




landfill construction, soil complexes should
be assigned values corresponding to the soil
element in the complex that has the highest
permeability value. This is done because
soils with high permeabilities have limita-
tions for landfill conctmction, since wnste
materials may leach through the soil and
reach the ground water quickly and easily. If
the same soils map is being reclassed to
represent soil permeability for the purpose
of indicating soils with limitations to septic
tank construction, just the oppcsite approach
for reclassing should be used. Soils with low
permeability values are not useful for septic
tank construction.

The concept of soil herizons alsc
creates a concern when reclassing soils maps
into soil properties or use interpretations.
Soils are defined, in part, by the character
gad thickness of their soil horizons. In the
J0I-5 datsbese, soil properties are reported
i1 tables for each soil horizon. The depth of
tnese soil horizons) varies from eoil series
to soil series. For example, the soil surface
may be the first 5 inches for one soil and
the first 24 inches for the other. The second
horizon may be 6-10 inches for one and 9-
47 inchee for the other. To get around this
problem, general surface and subsurface
categories can be used. For example layer
1= first horizon, regardless if its 0-5 inches
or 0-24 inches. Four layers should be
sufficient for most eoils; (1) surface hor-
izon, (2j second horizon, (3) third horizon,
and (4) below the third horizon.

SOILS RECLASS EXAMPLES

The following are some of the more
common sgoil properties, use interpretations
and land use suitability ciassifications that
may be of interest to land managers. This
type of soil information could be used to
reclass an original soils map. A suggested
number of layers to be reclagsed are given
for each soil property. When reclassing soil
complexes and associations, an example on
how to use the limiting factor approach is
also given for each soil property and use
interpretation. The wvalue ranges, where
appropriate, correspond with those set up by
SCS and used in the SOI-5 database. These
value ranges may be used for categories in
the reclass map.

.922.

1.

3.

USDA texture Limiting Factor-use the
soils with silty textures. Map may be
used for soil erogion analysis, sty
soils erode more easily.

percent  orgunic  matier  Limidng
Factor-use the soil with the lowest %
organic matter. Map may be used to
indicate which soils have poor struc-
ture and therefore easily compacted or
eroded. Scheduling maneuver training
on these soils should avoided in wet
conditions,

>=0but< 1
>=1but< 2
>=2but< b
> = 5but < 20
> =20

permeability (minimum in/hr) Limit-
ing Factor-create two reclassed maps,
one using the soil with the highest per-
meability and one using soils with the
lowest. Low permeability may be
favorable for analysis conceming
landfill cover, while high permeability
may be useful for septic tank construc-
tion. Low permeability may also indi-
cate wet conditions during periods of
high precipitaiton. Maneuver training
may be complicated by wet, muddy
soils.

>=0but< .06
> = 06 but < .2
>=.2but< .6
> = 6but< 20
>=20but<6.0
> = 6.0 but < 20.0

available water capacity (iotal inches)
Limiting Factor-use soils with low
availeble water. Map may be.used to
indicate soils with limitations for

revegetation. Low available water
would be detrimental for plant growth.
>=0but<3

>=3but< 4

>=4but< 5

>=5but< 6

>=6




~1

Q’)

9.

erosion factors (K and TV Limiting
Factor-use soils with the highest K fac-
tor and the highest T factor. Map may
be used for erosion analysis. Low K
factors mean the soil is easily eroded.
High T values mean

moist bulk density (maximum g/cc)
Limiting Factor-use the soils with the
highest bulk densities. Map may be
used to indicate soils with limitations
for revegetation. High bulk densitivs
can be detrimental for plant root
growth High bulk densities, however
may be desirable for mad building.

> = 0but< 1.0
>=10but < 1.2
»>=12but< 1.4
~=14but< 1.6
= 16but< 1.8
> - 1.8

pH Limiting Factor-use soils with the
lowest pH. Map may be used to indi-
cate soils with limitations for revegeta-
uon. Low pH is generaly detrimental
for plant growth.

0 but < 3.6

= 3.6 but < 4.5
=45but< 56
- 56but< 6.6
= gbbut< 74
= 7.4 but< 85
= 8.5

1

AV VARV
il
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salinity Limiting Factor-use soils with
the highest salinity. Map may be used
for to indicate soils with limitations for
revegetation. High salt content can
generally be detrimental for plant
growth.

»=0but< 2
- =2but< 4
>=4but <8
> = Bbut < 16
+ 16
flooding and high water table
includes the following information:

Limiting Factor-use the soils with the
most frequent flooding and the most
shallow high water table depth. These
soils could present problems during
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periods of high precipitation.

a. flooding frequency.
b. flooding duration.
. flooding months.
. high water table depth
. water table kind.
high water table months.

o Ao

sdl interpretations and land use suitahbility

Limiting Factor-use the soils with the most

severe limitations for the following
interpretations.

L. sanitary facilities - includes ratings for
the following:

. septic tank absorption fields.

. sewage lagoons.

. sanitary landfill (trench)
. sanitary landfill (area)

. daily cover for landfill.

o Q0 o P

2. water management - includes ratings for
the following:

. pond reservoir area

. embankments, dikes and levees
. excavaieu ponds - aquifer fed

. drainage

irrigation

terraces and diversions

. grassed waterways

m e e op

3. wildlife habitat suitability - includes the
following information:

a. Potential for several habitat elements.
b. Overall potential for:

. openland wildlife.

. woodland wildlife.
. wetland wildlife.

. rangeland wildlife.

o BN

Glossary
The following are definitions that will

be useful for this discussion about soil data
and reclassing in GRASS.

(1) Taxonomic Unit - A named kind of
soils(taxon) that has specific properties with
defined limits or ranges in characteristics.
Each ciass within the six categories of "Soil




Taxonomy" ie a taxonomic unit.

(2) Soil Series - A group of soils having
horizons that are similar in differentiating
characteristics, except for differences in tex-
ture of the surface layer or of the underlying
material. Ali soils of a soils series have
magjor horizons that are similar in composi-
tion, thickness and arrangement.

(3) Phase of a Taxonamic Unit - A subdi-

vigion of a taxon based on texture, stoni-
ness, erosion, salinity, contrasting substra-
tum, etc. Generally used in combination
with descriptive terms that define the siope,
physiographic position, or specie! environ-
mental characteristics of the map unit. A
phase bridges the gap betweer the taxon and
the map unit.

(4; Phase of a Soil Series - A subdivision
hascd on one or more characterigtics that are
votentally significant to v'se or management
of the so1i. The most comumnon hasis for del-
ineating phases is slope, surface texture,
erosion, stoniness, salinity, contrasting sub-
straturn, physiographic position, and flood-
ing frequency.

{5) Soil Map Unit - An area of soil(s) del-
ineated nn a soil map. It contains one or
more taxonomic units.

(6) Consodiation - A map unit that is dom-
inated by a single kind of soils of miscel-
laneous aree.

(7) Undifferentiated Group - Two or more
taxonomic units that are not regularly asso-
ciated together. The members of an
undifferentiated group commonly are similar
enough in morphology and/or behavior so
that separating them on the map is not
important for the objective of the survey.
Such a unit is named by combining the
names of the taxonomic units with "and".

(8) Sail Complex - Two or more taxonomic
units that occur together in a more or less
regular pattern and are so intricately mixed,
or so small in size, that it is not practical to
separate them in mapping. The members of
a complex commonly have contrasting mor-
phology, as well as potentially unique use or
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management, but cannot be separated at the
map scale being used.

(9) Soil Association - An association is
gimilar to a soil complex except the
members of an associaion could be
separated at scales commonly used or
detailed soil maps (15,840 - 24,000).

10) Soil Horizon - A soil horizon is a layer

of soil approximately parallel to the soil sur-
face with characteristics influenced by
genetic processes. Each horizon is separated
from adjacent ones on the basis of
differences in properties. The composition
and arrangement of soil horizons in a soil
profile (a vertical cut exposing the various
parts of a soil) are the major determinants in
the classificaticn, mapping and use of land
areas.
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FIXING ARTIFACTS IN THE DATA YOU MUST WORK
WITH (PART 1): USING GRASS TO INSPECT AND EDIT
CIGITAL ELEVATION MODELS (Initiating a new series (?)
on data quality control using GIS)

Dauvid Hastings

NOAA
National Geophysical Data Center
325 Broadway
Beulder, CO 80303

ABSTRACT

Digital elevation moudels are fundamental to many Geographic Informa-
tion Systems (GIS) projects. Data sets such az slope, aspect, shaded relief, and
watershed models derived from DEMs are also 1important to many projects.

However, none of the digital elevation modeis currently available have been
produced with your application in mind. Most of these data are characterized
by artifacts that can adversely affect your project. Many of these artifacts can
be detected and at least parti»liy alleviated in a GIS or image processing systern,
Another advantage of such processing is the possibility of completely docu-
menting the work.

The Pinion Canyon are, near Trinidad and La Junta in southeastern Colorado,
is used to illustrate the detection and partial repair of DEM data in GRASS.
Although the National Park Service systemused for this work was performing
beta-tests of GRASS 3.0, this study used GRASS 2.0.

Simple color display may not adequately detect artifacts (though in Pinion
Canyon many artifacts are so obvious that the simplest of visual inspections in
a GIS will detect them); more sophisticated but simple-to-produce displays
using very tight color density slices, computations of slope and aspect often
show such features of data.

Simple data dropouts, for which the values of individual grid cells at the edges
of quadrangles are zero. can be repaired by combinations of filtering and patch-
ing. More complex dropouts, where the values may be almost (but not quite)
zero, or where they may be unrealistically high (3700 meters at sutures of the
mosaiced quadrangles in some parts of Pinion Canyon, where true elevations
are 1200-1800 meters) cannot be corrected so simply, as patch will only arbi-
trarily replace zero values, rather than user-assigned values of a map. In Pinion
Canyon, a binary mask of areas with unrealistic values was created using "res-
cale,” which was then used to reassign bad values to zero for repair by patching.

"Gmfilter" was used to create custom filtes that reduced the patchiness of the
DEM data. Aspect is a very unforgiving display of artifacts in DEMs and was
used to evaluate the results of several "Gmfilter" windows.




Various versions of the artifacts in the Pinion Canyon DEMs are shown in
detail, with discussions of a number of options for their repair. More sophisti-
cated filtering and neighborhood analyses would help GRASS to better perform
quality control functions. Desgpite being incomplete, current GRASS capabili-
ties help the user to document/improve a database.

Digital elevation models are funda-
mental tw many Geographic Information
System (GIS) projects. Data sets such as
glope, aspect, shaded relief, and watershed
models derived from DEMs are also impor-
tant to many projects.

However, none of ihe digital elevation
models availsble from the U. S, Geologi-
cal Survey (USGS), the National Oce-
anic and Atmospheric Administration
{(NOAA}, or the Defense Mapping Agency
‘TMA) were designed with your GIS appli-
cation in mind. Indeed, the skeptic would
sav that each data set is characterized by
artifacts, with actual information being
somewhat secondary. For exsmple: 1)
Early digital elevation models (DEMs) were
created to help produce molds for the plas-
tic relief maps sold by the DMA in the
1960s. It is not surprising that, when some-
one tried to use them analytically,
&he found some  undesirable charac-
teristics, such as concentrations of digital
values around the contours on the paper
maps. Compute slopes from such data
and you get near-zero values almost every-
where but for areas mid-way between con-
tours on the paper maps, where the
“roundoff’ from one contour value to the
next occurs in the digital data. Not the
best way to model floodplains around your
prospective dam site.

2.) Some DEMs are produced by digi-
tizing with one line spacing, then resam-
pling to acloser or a coarser spacing. With
one type of DEM, values are digitized
along lines separated by 90 meters, then
resampled to 30-meter grid spacings. One
can se< the cost justification, but what phy-
gical justification allows this? These arc
not geophysical potential field data, where
the value at any point is a simple function
of the values at all other points in space.
One could virtually digitize the terrain
around Devil’s Tower (National Monument,
Wyoming), yet miss the tower itself in

data represented to have a 30-meter grid
spacing! Such data could be a real night-
mare for GIS processing of a highway
design. (Incidentally, there Joes not appear
to be a way of repairing such data. They
are best thrown out [or perhaps resampled
to more appropriate 100-m spacings]).

3. Often considered the "premium"
DEMs in the 7 1/2 minute USGS sernes,
data from the Gestalt Photomapper are pro-
duced in 500 meter square “patches” from
serial  photographic stereo  pairs. These
paiches are then mosaiced with inadequate
horizontal- vertical control to produce the
models. The resultant data are often inap-
propriate for contouring, let alone dernving
such data as slope and aspect.

4. Global data sets produced by
NOAA’s National  Geophysical Data
Center are combinations of regional or
discipline-specific data sets produced by
other laboratories, often for disparate
interests. Land values may be digitized
from maps (or estimated where the maps
have no values) by a meteorological
laboratory. Bathymetric models created
by enother lab by digitally interpolating
actual bathymetric soundings combined
with modelled values based on concepts of
the shape of the ocean floor. Grid sizes
may be different; values on one grid may
be based on grid centers, others on
grid nodes. Combinations of these data
sets may be valuable interim data sets for
global modeling. But care should be taken
in making these models.

5. Attempts to make DEM data
sppropriate for  mossaicing quadrangles
into larger study areas have not been com-
pletely successful.  Bathymetric = models
mgy use different representations of
coastlines from models of land elevations. 3
arc-second DEMs  sometimes have
significant vertical discontinuities at
gection-lines, while mosaics of 7 1/2 minute
DEMs (which have no overlap [sometimes




at the expense of having data gaps| at
quadrayde  edges) e have line or
column  dropouts, or even slivers  of

extremely high values at  sutures between
quadrangles.

Before I sound overly cntical, let me
say that current efforts to produce digital
data sets are truly pioneering. These
pioneers are forging up the digital Mis-
souri rver in their digital canoes, never
imagining what kinds of Kansas Cities we
will  be creating from their efforts
Nevertheless, while we continue to try to
create our Kensas Cities from such  pinneer
ing efforts, we should trv to avoid building
rcads that slide into canyons, bridges or
dams that collapse or flood unexpected
areas, or dump radioactive waste (unexpec:-
edly)i upsteam from a major aquifer.
Inspection and partial repair of data provided
w0 us by othyrs may help us to aveid such
cotlamunes

IMPROVING THE QUALITY OF DIGI-
TAL ELEVATION MODELS USING GIf

The convenient display capabilities of a
GIS or image processing systemn  allows the
analyst to inspect data in a variety of ways.
Greyv-shade images, color displays using
continuous rainbow colors, color density
slices using "random” colors for many sinall
ranges of the data, shaded-relief images
IGRASS aspect images are often easy-to-
compute approximations of shaded-relief,
slope images, combinations with other
data, etc., all have unique capsbilities to
enhance certain artifacts in a data set.

For example, your data may have been
inappropriately supplied to you as eight-bit
(0-255) or integer values, when they should
have been supplied as decimal fractions or
real values. Try to compute slope from
gravity data provided as integers, and see

the “flat” areas interspersed by “cliffs”
where digital roundoff occurs in the
input data. This is an inappropriate

representation of the data. You may be able
to make limited use of such dala, but
they may be inappropriate for your main
application.

production of
the analyst to

In our specific cas,
dope maps quickly helps
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spot major data discontinuities at sutures
between quadrangles. Very high slopes
along quadrangle boundgries appesar for
either data drop-outs or slivers of errone-
ously high values. "Random" color density
slice displays of elevation data should look
a bit like psychedelically colored topographic
contour maps. Each color slice should follow
the terrain in a physiographically realistic
pattern. If there are rectangular
grid-like deviations, if ther are linear
discontinuities in the patterns, you probably
have bad data. Produce an aspect image.
Artifacts should be accentuated in such a
display.

The repair of the DEMs
divided into in two forms:

can be

1. repair of suture lines of mosaics, and

2. ' much a> possible, removing the
artifacts resulting frem the specific data pro-
duction methnds in each quadrangle, that
rmeduce the  usefulness of the dawa for
further processing for ones application.
Few Geographic Information Sys-
tems have the  complete functionality
to  handle errors in the data. GRASS is
not yet mature enough to completely
handle the errors that can be repaired by
the user. (Remember, it is almost always
better to have hal the data brought to as
high a standard by the producers of such
data - and your encouragement of such
efforts by data producers may be in
mankind's interest as well as your own.}

But GRASS, as well as many other
GISs and image processing systems, has
patching capabilities to partially repair bad
data values, mosaicing capabilities to remo-
saic quadrangles, filtering capabilities to
subdue the effects of Gestalt Pho-
tomapper patches, and so forth. These
functions can serve to help us improve
the quality of DEMs and other data.  Ulti-
mately, expert systems will be developed
that will directly query specific types of data
{rather than a human interface between the
expert system and the data that both
reside on the same computer as is
currently often the case). Pattern recogni-
tion (machine vision) techniques will
detect and automatically document and
alleviate the most common types of data




errors.

USING ONE EXAMPLE TO ILLUS
TRATE THE STYLE OF REPAIR
TECHNIQUES FOR ONE TYPE OF
DIGITAL ELEVATION MODEL

The Pinion Canyon area between
Trinidad and La Junta in southeastern
Colorado is used as an example of the
procedures that can be used in GRASS to
improve the usefulness of one type of
DEM for further GIS processing. Pinion
Canyon is recently acquired Army land,
part of Fort Carson. Prior to acquisition, it
was ranchland. A Grass GIS data base is
being constructed to help manage the
environmental resources of the land. The
author is investigating the use of GRASS to
produce hydrologic models in the area
the work is being done on the MassComp
530¢ - based GRASS system at the Geo-
graphic Information Systems Division of
the National Park Service's offices in Lake-
wood, Colorado.

Digital Elevation Mecdeis are a funda-
mental part of this GRASS data base. As
is typical of a GIS exercise, the data were
not originally produced with GIS applica-
tons f(let alone the specific applications
needed by the Army Corps of Engineers
Construction Engineering Research Labora-
tory or Fort Carson management). The
data should be inspected for characteristics
that might affect GIS processing. It is also
worth alleviating whatever negative artifacts
the data may have for a particular applica-
tion. This step in data base development is
often omitted, to the detriment of the
users’ objectives.

The digital elevation models of Pinion
Canyon obtained from the U. S, Geological
Survey were produced on the Gestalt Pho-
tomapper. This device works directly with
serial photographic stereo pairs to produce
models within individual "patches" (almost
square rectangular areas). Several of these
patches are then mosaiced without accurate
vertical control to produce the DEM for
a particular 7 1/2 minute quadrangle.
The 7-meter accuracy described for such
DEMs is calculated by comparing values
at section lines where adjacent quadrangles
have DEMs. There is no comparison with
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actual locations of benchmarke during
this accuracy assessment, and the sharp vari-
ations in elevation at the edges of the
patches are essentially overlooked by the
producers of the data.

In addition, it is a policy of the pro-
ducers of these data to avoid overleps in
data coverage at the edges of quadrangles.
Due to the nature of the Universal
Transverse Mercator projection’s fitting of a
flat surface to the Earth’s curviture and the
nature of production of the DEM data, this
policy results in dlivers of data drop-out
along sutures when these quadrangles are
mosaiced. These data dropouts can have
zero value, very high values (much higher
than any physical elevation in the area), or
something in- between.

The patches on the Pinion Canyon
data are very disturbing, not unusual for
such DEMs. Such artifacts are clear evi-
dence that the data are not produced for
rigorous analysis, such as pattern recogni-
tion or the computation of slope or topo-
graphic aspect. In some cases, even casual
inspection of the raw elevations is disturb-
ing, let alone rigorous modeling of
derived data sets (such as slope) in a
GIS. The latter may produce an outright
fallacious result without extreme caution in
the GIS processing.

Many scientists are reluctant to
"tamper" with the DEMs, preferring to
accept the artifacts as given. But the data
were originally produced with a somewhat
arbitrary procedure. When one realizes
that the data are digitized on one unevenly
spaced grid, then resampled to another
grid (without any physical justification -
we are not dealing with potential fields
here!), and that neighboring (rather than
nonexisting overlapping) values are statisti-
cally compared to check on the vertical pre-
cision of the data, we see that the pro-
ducers of the data are using physically
migleading (though statistically "valid?")
methods to claim their 7-meter accuracy.
We should understand our own objectives
in using these data, and the conflict
between the original production methods
and our objectives. With this in mind, we
gshould feel no reluctance about reworking
the data to make them more appropriate
for our specific needs.




In the Pinion Canyon area, the sharp
changes in elevation at the edges of the
Gestalt Photomapper patches result in inac-
curately high values of slope, and inaccurate
changes in value of aspect. The patching is
poorly controlled.

In a hydrologic model we are less
concerned with the overall vertical preci-
sion than with the relative distribution
of elevation. Applying spatial filtering tech-
niques may alter the absolute values of
elevation, while locally improving the
relative values.

Initial evaluations of the use of spatial
filters to improve the DEMs consisted of
repeated applications of the GRASS funec-
tion “neighbors” to the display verson of
the DEM (ELEV.DEM). 3x3 mcan filter-
ing wns applied repeatedly. One could
apply the random color lookup table to the
raw elevation data and have some trouble
recognizing intuitively logical landforms in
the data. Repeated application of the
mean 3x3 mean filter led  to increasingly
physiographically realistic renditions of the
area.

With the positive result of this initial
test, the function "Gmfilter” was used
to filter the actual DEM  values
(ELEV.DEM.TRUE). "Gmfilter" has the
disadvantage of loading the entire map
into memory. Not only this, but if one
runs the function in “parallel” mode (to
avoid corrupting the input data by previous
processing) one needs to have both input
and output data in memory. With the 4
megabytes in the National Park Service's
MASSCOMP 5600, only about 1/4 of the
Pinion Canyon mapset can be processed at
once, thus requiring subscening before pro-
cessing, with subsequent mosaicking to
recreate the entire mapset.

Fxperimentation with various filter
sizes included 3x3, 5x5, and 7x7 filters with
different combinations of weights.

First, 1x3 and 1x5 vertical and horizontal
filters were applied to the data, to see if
symmetrical XY filtering was appropri-
ate, or if different sizes and/or weights were
reeded in the horizontal and vertical direc-
tions. Gmfilter was run with filter weights
such as the following:

010 000 00100 00000

010 111 00100 00000

010 000 00100 11111
00100 00000
00100 00000

The 3x3 filter needed to be run far
more times than the 5x5 filter to produce
acceptable smoothing. It was also found
that the data were sufficiently symmetrical
in the horizontal and vertical directions
to permit the horizontal filters to be
combined:

010 00100
111 00100
010 11111

00100

00100

Applying such filters greatly improved
the visual the elevation data  However,
thet. was still an unrealistically grid-like
pattern in the slope and aspect data
derived (using Gslope_aspect! from such
filtered elevation data. Thus hybrid filters
were produced that allowed diagonally
positioned elevations to influence the result:

00100
01210
12221
01210
00100

Notice that the filters now include
weighting favoring closer values over
more distant values. This should be phy-
sically valid, though it probably is not par-
ticularly more valid than equal weighting
of the data as actually produced by USGS.

Such filtering reduced the grid-like
appearance of the slope and aspect data cal-
culated from such filtered DEMs. It was
decided, however, to experiment with
increased filter size to 7x7, as well as with
increased weighting along diagonals:

1111111
1112111
1123211
1233321
1123211
1112111
1111111

This filter kermnel is now being used
to process the data (ELEV.DEM.TRUE]
for northwestern, northeastern.




southeastern, and southwestern quadrants
of the Pinion Canyon mapset. Current
assessment of the data is that funning this
filter in parallel through the data fewer
than four times leaves too much patchwork
gridding in the data, and that more than
four applications of the filter smoothes out
too much detail. Four applications leave a
combination of these problems: some-
what too much patchwork gridding in
some greas, somewhat more smoothing than
desired in other areas. But this comprom-
ise appears to be the best for the Pinion
Canyon data.

THIS PAPER IS DISTRIBUTED ON
A USER-BEWARE BASIS. IT FAILS TO
COMPLETELY DISCUSS FILTERING
AND PATCHING OF BAD MOSAIC
SUTURES.
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Versatility of GRASS Data Layers

Robert C. Loaur

Construction Engineering Research Laboratory
P.O. Box 4005, Champaign, 11 61824

ABSTRACT

The Geographical Resource Analysis

Support System (GRASS) has been

implemented at several installations across the U.S. Each implementation
requires the development of a set of supporting data lgyers. Over the last
several years, CERL has supported its implementation by the development of
these layers. This is a retrospective of the work done for several installations.
The paper reviews which layers were generated, how they were used, how often
they were used and for what purposes. Based on which data set configurations

have in the past proven to be the most

versati'e the paper identifies which

layers are likely to provide the greatest return cn the development moneys

invested and how to make these decisions.

One of the major components of the
establishment in a Geographical Resource
Analysis Support System (GRASS) Geo-
graphical Information System (GIS), which
data to generate to support the usage of the
system is an important decision. Maps
{called data layers) which are stored in the
system are often expengive to translate from
paper (or digital) form into the format used
by GRASS. In an environment where budg-
ets are limited, it is necessary to set priori-
ties on which data layers can be generated.
The layers which must receive the highest
priority will depend on the applications to
which the GRASS system is intended to be
put. Since sapplications vary depending on
location and agency, so must the desired
map layers. ‘

CERL has now had considerable
experience in developing a set of initial data
layers at several locations. Also CERL has
been involved in carrying out a variety of
applications using these layers. This paper
will review some of the experiences which
have been gained and make a set of recom-
mendations based on those experiences.

Beside simply deciding on a group of
layers to support a single application, several

corollary questions need also to be asked. If
you have identified a set of layers to be
developed for a particular purpose, are there
other applications to which this set can be
put so the data layer development process
will provide enhanced value to the final pro-
duct? And if a layer is developed, can the
categories easily be translated to another
layer (e.g. using the GRASS tool called
RECLASS) such that you have developed
two or more layers for the cost of one? A
notable example of this would be generating
a map of soil "Ph" from the published Soil
Conservation Survey County Soils Survey
report. Choosing the initial data layer
configuration carefully with these considera-
tions in mind can considerably enhance the
value and versatility of your GRASS data
base.

There are several ways of determining
a configuration of complementary data
layers. Often this has been based on previ-
ous experience with data versatility and pro-
fessional judgement. Topographic elevation
might be translated into GRASS format, not
because it is important (elevation often is
however) but because elevation infcrmation
can, with relative ease, be translated into




other layers which have great versatility.
Elevation data is regularly translated into a
layer showing the degree of slope. This may
be used for modeling erosion potentials.
Elevation may also be translated into a layer
showing the aspect (direction in which the
sloping land faces). This may be used in
modeling archeological site occurrence
potential. These types of considerations are
important in setting priorities for data layer
development.

Table I is an initial response to the
question, "If one were to develop a general
list of applications versus data layers, what
would such a list look like?" Table I shows
such an arrangement of potential applica-
tions arranged down the left column and
data layers arranged across the top. 1s it rea-
sonable that a data layer will be useful in
carrying out one of the applications? (The
applications listed relate to CERL’s experi-
ences in developing layers for military pur-
posesi. At each intersection two responses
are noted: 1. This data layer is normally «
required input to carry out the application
under consideration or 2. This data layer
would be helpful in carrying out the applica-
tion under consideration but the modeling
can be carried out without its presence.
From a matrix like this, we can derive an
understanding of which data layers poten-
Hally have the highest versatility in support-
ing different applications.

From Table I, it is clear that a few
layers stand out for their versatility in
different applications. Satellite or digitally
stored remote sensed images (e.g. National
High Altitude Photography- NHAP) have a
high degree of versatility largely because the
color or spectral data they contain can be
reinterpreted to indicate land cover or land
use type. (1.e. They may be used to generate
a type of vegetation map, or they may be
used to imply cultural features such as
urbanized areas.) Remotely sensed images
also provide a historical document of the
changes which have occurred in an area.
Another example are soils data. Soils data
are versatile because their supporting reports
usually correlate the distribution of the soil
with a wealth of information about the
characteristics that the soil type imply (e.g.
its engineering properties, its fertility, the
natural history of its formation). Another,
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topographic elevation, is useful (as men-
tioned betore) because from it, it is easy to
generate slope and aspect data as well.

The usefulness of this chart comes
from realizing that if your data layers
include slope, soils, landcover and roads
developed initially to support the application
of erosion control, you have the set of
information required to begin to deal with
questions about forestry applications.

At the bottom of this matrix are two
rows which characterize 1. the difficulty of
generating the data layer in question and 2.
the cost associated with generating the data
layer. This information is quite general and
can, in practice, vary greatly. However, if it
is important for you to do not only your ori-
ginal erosion applications, but also forestry,
by looking at those last two rows, you can
obtain a general feeling for the amount of
effor. it will require to be able to support
that additional analysis application. (In this
case, to do forestry will require the acquisi-
tion of a forestry compartment data layer
and that will be moderately costly and
moderately difficult to accomplish.)

Often a data layer is not necessarily
required as an input into an application, but
it is easy and inexpensive to generate. Thus,
often that layer is created to be used for
display and orientation purposes. One may
call the installation boundary layer such a
map. It may be argued that display and
orientation are required for most applica-
tions. Thus, a distinction must be made
between when layers are used for an applica-
tion and when they are used for display.

To define what an application is in a
GRASS evaluation, let us make the distinc-
tion upon reflecting over what makes a GIS
valuable. The value of a GIS is to generate
new types of information (i.e. an analysis
map) from existing information (e.g. from
the combination of the soils, slope, and
vegetative cover maps). This result existed
nowliere else previously. It is new informa-
tion. A dollar value can possibly be
assigned to such an analysis by assigning
values relating to the considerations of cost
avoidance, increased maintenance manage-
ment effectiveness or to savings realized by
doing the analysis in-house rather than
through a commercial contract with its




added overhead costs. In contrast, though
it is important, a layer which orients the
viewer does not generate new information
not availshle previously. Also the assign-
ment of cost values from display or orienta-
tion is not straight forward. In addition, by
adopting the strict definition (generating
new information) some distinction between
the characteristics of a GIS versus a CADD
(Computer Aided Design and Drafting) sys-
tem can be made. The primary purpose of a
CADD is to display information visually.
The primary purpose of a GIS is to generate
new information, which coincidentally is
also highly visual in nature. (Clearly this is
a superficial distinction. Also, both clearly
overlap each other's capsbilities c¢ven as
defined here. But this distinction has a con-
ceptual basis in fact which relates to cther
oaestions e.g. most GISs have topologically

ferenced data structures while a CADD
may or may not).

Thus defined here, an application is an
evaluation for a specific purpose which
creates new information and for which some
cost effects can be identified.

CERL surveyed many projects done
over the last several years. Our most com-
pletely developed data bases and our broad-
est applications experiences have occurred at
six Army installations and one civil works
study area. They are: Forts Hood, TX,
Drum, NY, Carson, CO, Riley, KS, Pinon
Canyon Training Area, CO, Hohenfelds
Training Area, (Federal Republic of West
Germany' and Kiethsburg Study Area, IL.
These are the locations examined in this
paper.

ror each location, a survey was done
of how each existing data layer in that
installation’s current data base was used.
Tabie 2 is an example of the information
collected for Pinon Canyon. This informa-
tion was then congregated into application
types (Table 3) so that the applicaions can
be compared between different installations.

From this, data layer types can be
compared across installations as presented in
Table 4, which is similar in layout to Table 1
(with applications versus data types). The
difference is that these data types (data
layers which have been grouped into data
types’ already exist as part of some data
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base and these applications have already
been carried out. Thus, Table 1 is a gen-
eralized idea of what can be done. Table 4
shows what hac cctually occurred.

The intersections in Table 4 show the
initials of the installations. They indicate
which data layers were used for which appli-
cations. Multiple labels in a single intersec-
tion indicate that usage occurred more than
once, either at the same installation or at
different locations.

The bottom row of Table 4, the Fre-
quency of data type usage, is a simple sum-
mation of the data layer occurrence in that
column, This information can be ordered
per Table 5 % show the degree of the data
tvpe versatility (or value). Table 5 indicates
that there are some very highly used data
types (e.g. soils data, slope, imagery) and
others that seem to be less versatile. (Note
that just because they are less versatile, does
ncet mean that they are not important: a
wudlife application might not be reasonable
without habitats identified.)

There are several different ways of
looking at thiz data and interpreting its
meaning, For example, when a person gen-
erates a road map and a boundary map, he is
really interested in having land use informa-
tion. Thus the fact that the boundary map
had low usage may be misleading. To deal
with this question, five general (not neces-
sarily mutually exclusive) groupings were
developed: 1and usage, environmental,
natural configuration, topography, and data
management. The data types were congre-
gated into these groupings in two ways: 1.
under a loose definition of what should be
included in that grouping, and 2. under a
strict definition of group membership. (i.e.
The loose definition is inclusive, the strict is
exclusive.) The result is presented in Table
6. The summation of the frequencies of
each grouping for either the loose or strict
definition suggests that each group has about
the same degree of usefulness (i.e. that the
summation numbers are roughly about the
same for each). The conclusion from this is
that a versatile GIS data base needs to
include a variety of data layer types.

B A gy O




Condusions and Recommendations

The value of a GIS is to generate new
types of information (i.e. an analysis map)
from the existing information (e.g. an ero-
sion potential map from the combination of
soils, slope, and vegetative cover maps).
Such a result existed nowhere else previ-
ously.

Though the display of information is
valuable in itself, a sharp distincion was
made in this paper between using data layers
to display information and using data layers
to support an application which generates
new information.

Correctly choosing and implementing
the data layers will provide greater versatility
to pursue GRASS applications. Types of
data which have been used at CERL for
generation of new data outputs fall into five
major groupings (Table ' each of about
equal potential value depending on your
location’s particular needs. These groups
consist of various data types which appear
again and again in different applications at
many locations. 'The actual data layer
developed depends on the location and the
intended applicaticns to which the system
will be put. Data layers wiich are imple-
mented can have other potential usages
{Table 1). These other uses will enhance
your data base if carefully developed and
allow it to have greater usefulness than ori-
ginally might have been thought possible.

Finally, variations in the data layers
adopted will clearly depend on data availabil-
ity. Though a data layer may be highly use-
ful, if it is not available, alternative
configurations will have to be identified. If
this is the case, some of the tables presented
can be useful to determine how closely
ielated specific data layers are and how alter-
natives not previously contemplated might
vield greater versatility in the data base’s
ultimate usage.

Reference

Data Availability to Support a Standardized
Military Geographical Information sys-
tem Database, R. lozar, D Smead,
CERL Technical Report N-147, March
1983,
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Table 2

Example Page of Survey Showing
Data Layer Relation to A pplications

PINON CANYON
CELL NAME ’ TITLE APPLICATION SOURCE
albedo1 Ground Ref.(LS 10/80) | change detection LANDSAT
albedo?2 Gmund Ref (LS 6/82) change detection LANDSAT
aspect Aspect background topographic map
big_arroyo.cl Class. NHAP CERL testing NHAP
Big Arroyo Hills
big-arroyo.enh | Enh. NHAP CERL testing NHAP
Big Arroyo Hills
boundary ! Install. Boundary LCTA original data
elevation l Elev.-rescaled background DEM/DMA
hogback.cl i Class. NHAP(8/83) i' compar. class. NHAP
Hogback '
hogback.enh Enh. NHAP(8/83) compar. class. NHAP
Hogback
landsai.class LndcovClass. 15 S0 background LANDSAT
lockwood.cl Class. NHAP 7/83 compar. class. NHAP
Lockwood Arroyo
lockwood.enh | Enh. NHAP 7/83 | compar. class. NHAP
Lockwood Arroyo
quads USGS quads background original data
ranches Ranch Houses training avoidance | original data
range _land Range/Wdld Sites potential s0ils.SCS
Las Animas Cty. vegetation
restrict_areas Restricted_Areas land mgt. training/ arch.
ecol. study
ranch houses
roads Roads, Trails,Supply Rts. | background original data
rockcross.cl Class. NHAP 10/83 compar. class. NHAP
Rock Crossing
rockcross.enh | Enh. NHAP 10/83 compar. class. NHAP
Rock Crossing
slope Slope % derived background topo map
true elev.
soils.pinon Pinon Canyon background s0ils.SCS
soils-trinad
soils.scs.all Soils( Las Animas) LCTA/ original data
background
train.ability Trnblty.-soils trainability soils
train_areas Training Areas background original data
vegetation derived-NHAP background original data
windmills Windmills background original data
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Table 5

Data Type Versatility

Order of Data Value

Soils (and Reclass)
Slope

Archeology Data
Imagery

Roads

Ecological Sites Data
Hydrography Related and Streams
Distance From’s
Installation Land Use
Training Compartments
Installations Boundaries
Topography

Aspect

Noise

Geology

Sites Data

Non Satellite Vegetation
General Cultural
Windows

Off Installation Cultural Features
Dredge

Landforms

Habitats




GROUP

Land Use

Environmental

Natural Configuration

Topography

Management Data

-41-

Table 6

Data Versatility Viewed in
Different Groupings

DATA LAYERS

Boundary

Off Installation Cultural
Imegery

Installation Land Use
Roads

Training Compartments
Sites Data

Windows

GROUP TOTAL

Noise

Distance From
Imagery

Aspect

Ecological Sites Data

Vegetation (Non Satellite)

Habitates
GROUP TOTAL

Imagery

Soils
Hydrography
Sope

Aspect

Geology
Landforms
GROUP TOTAL

Soils

Topo

Slope

Aspect

Geology
Landforms
GROUP TOTAL

Archeology

Training Compartments
Sites-Ecological

Sites

Habitats

GROUP TOTAL
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The Development of the Henrietta Creek W atershed Data Set
for use by USDA Sqil Conservation Service in GRASS Training.

Richard Franchek

U.S. Department of Agriculture
Soil Conservation Service
501 Felix Street, Bldg 23

P.0O. Box 6567
Fort Worth, Texas 76115

ABSTRACT

In the Food Security Act of 1985, the Soil Conservation Service was given
the task of identifying all highly erodible soils that were in cropland. Framers
and ranchers that fell into these categories are required to have a conservation
pian if they wished to participate in any federal farm programs. In October
1987, the SCS started the GRASS Pilot Project with seven States (VT, NY,
WA, CO. OK, MO, MD) i identify its use us a GIS tool for helping SCS, State,
Area and Field Office perscnnel with th=ir resource planning requirements. As
part of this testing the SCS National Catographic Center, GIS Staff, developed
a demonstration data set for use in GRASS training and as a guide in develop-
ing similar data sets for their particular area. This data set was designed with
the Field Offices in mind. Data layers were collected to show the uses and
potential for GRASS as Field Offics resowrce tool for identifying Highly Erodi-
ble Lands (HEL}, conservation planning, watershed planning, and information

programs.

Since the dust bowl days of the 1930’s,
the U.S. Department of Agriculture Soil
Conservation Service (SCS) has worked with
farmers and ranchers in developing and
applying conservation practices to prevent
excessive soil erosion. SCS field offices
have primary responsibility in working with
the local soil and water conservation district
to implement these practices.

With the Food Security Act of 1985
‘FSA) the demand for SCS services has
jumped dramatically. The act states gen-
erally that to remain eligible for USDA pro-
gram benefits, a farmer must follow a con-
servation plan on all highly erodible crop-
land areas and not drain or convert any wet-
lands (U.S. Department of Agriculture,
1988). This requires SCS field offices to
determine highly erodible areas and to
develop the necessary conservation plans

with the participating farmer. In some field
offices, these determinations exceed 1000 a
year. Many are done by hand using existing
soil maps and areial photography. The plan-
ning process can take several hours. This
situation made it necessary for some type of
GIS technology that would make the field
office planning process more efficient.

In the spring of 1986, the USDA Soil
Conservation Service prepared a pilot test
plan  for evaluating the Geographic
Resources  Analysis  Support  System
({GRASS) software. In the fall of 1986, the
National Cartographic Center (NC) was
designated as the GRASS user support
center for the seven pilot test sites. These
test sites were located in Oklahoma,
Colorado, Michigan, New York, Washing-
ton, Missouri, and Vermont. Pilot testing
officially started in October of 1987 with a




one week training course at the NCC in Fort
Worth, Texas. Fifteen people representing
the seven test sites attended the training.
Te pilot test ended in May of 1988 and final
meeting of the test sites was held in June.

The Henrietta Creek Watershed Data
Set was developed to support GRASS train-
ing as well as provide a resource base. SCS
field office personnel could use this data as a
guide in developing data layers for their par-
tcular area. The watershed covers approxi-
mately 17,014 acres in Tarrant County,
Texas.

Six polygon layers and two netwwork
layers were developed. The polygon layers
included soils. landuse, district cooperator
boundaries, field boundaries, transportation
and watershed area. The network lavers
were streams an roads. These layers were
digitized on ARC/INFO because the MAT-
DEV portion of GRASS was not yet ported
to SCS AT&T 3B2 equipment.

In the development of this data set
there was not one single base that was avail-
able that would fit ali the different source
materials. The soils layer was on a rectified
photo background (1:20000), the landuse
came form color IR high altitude photo-
graphs (1.24000i, and the rest of the layers
from USGS 7.5 quad sheets (1:24000). This
condition would be typically encountered by
field office personne! when developing their
own data layers for GRASS,

The problem was to have all the data
layers overlay with each other and still not
have to recompile everything to one base.
The common theme to many of these data
lavers was the transportation network.
Many of the other layers (district cooperator
boundaries, field boundaries, landuse and
mads! would have this layer in common
when being developed. For example, a par-
ticular field boundary would end at the tran-
sportation cormridor, along with a type of lan-
duse. The transportation corridor would also
be a category in the landuse layer. There-
fore the transportation network was made a
polvgon layer and used as a guide for the
rest of the intersecting or corresponding
layers. As the layers were digitized, all areas
that intersected at the road would use the
aready digitized transportation layer as the
stopping point.
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When these layers were moved into
GRASS, several interpretations were made
from the soils layer that included HEL
classifications and many different kinds of
soil characteristics (such as soil depth, suita-
bility for building sites, range and pasture
groups, etc.). With the original eight layers
their were now 32 layers.

When training began this data set
duplicated real life solutions to problems
encountered by people in the field. With
the use of masking, windowing, and report-
ing, HEL determinations were generated
using the field boundary layer and the
reclassed soils layer. Other types of plan-
ning were also duplicated to show the part-
cipants that GRASS was capable o1 helping
them with their soil landuse related prob-
lems.

Other types of data are scheduled to be
included to this data set. Imagery is the
next layer for inclusion. This would greatly
benefit the user in land cover determina-
tions and for a photo background to conser-
vation planning. also a link to a soil data
base is needed to make the interpretations
{reclass) of the soils layer more efficient for
field office personnel. Finally the data set is
to be enlarged to include the portion of the
watershed that extends into Denton County,
Texas to the north. With this data set the
NCC will be able to introduce GRASS tech-
nology to the people whe will need it the
most.
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Integration of SPOT Data Into Geographic Information Systems

M. G. Mayers

SPOT Image Corporation
1897 Preston White Drive
Reston, Virginia 22091-4368

ABSTRACT

Low cost and current input data are essential if users of gecgraphic infor-
mation systems (GIS) intend to support accurate and efficient problem solving.
High resolution, current SPOT satellite imagery is provided in standard formats
to meet such requirements. SPOT data contains information pertaining to land
use/land cover, transportation networks, coastai boundries, urban growth, geol-
ogy and many other geographic applications. SPOT imagery may be used
directly in its raster form for input 1o a GIS, for example as input to a
classification algorithm. SPOT may also be used as a backdrop from which vec-
tors are digitized, such as updating vector transpertation network within a GIS
environment. The GRASS software package enables a GIS user to effectively
exploit SPOT data in both raster and vector formats. The vector and raster
capabilities within GRASS enable GIS users to obtain current, powerful solu-

tions to Earth resource problems.

SPOT is an acronym which stands for
Satellite Pour l‘Observation de la Temre.
SPOT is high resolution, land-imaging sate!-
lite system designed for Earth resource
applications. The SPCT program was ini-
tiated in 1977 by the French Government in
cooperation with Belgium and Sweden, and
is managed by the French Space Agency
(CNES). SPOT 1 was launched on February
21, 1986. The spacecraft is operated by
CNES which owns the data copyright. The
SPOT data distribution is carried out on a
commercial bags in the United States by the
SPOT Image Corporation located in Reston,
Virginia.

SPOT satellite data are available in
three formats; digital, film, and print. A
single SPOT scene covers 60 km X 60 km
swaths on the Earth’s surface. The SPOT
satellite has two High Resolution Visible
(HRV) imaging instruments onboard which
provide imagery in two different modes;

1. Panchromatic Imagery 10 meter reso-
lution Single Band Spectral Sensitivity

051 um to 073 wum (Visble

Wavelength)

2. Multispectral Imagery 20 meter resolu-
tion Three Bands Spectral Sensitivity
(Visible Wavelengths)

Band 1 0.50 um to 0.59 um
Band 2 0.61 um to 0.68 um
(Near Infrared Wavelength)
Band 3 0.79 um to 0.89 um

What are digital SPOT Data? Digital
SPOT imagery is stored in raster format.
This means a single SPOT image is stored in
many small, rectangular, "picture elements"
called pixels. Each SPOT pixel represents a
reflectance value ranging from 0 (low
reflectance) to 255 (high reflectance).
When all the pixels are viewed at the same
time, they represent a full SPOT image.

Vector format models store data in X,
Y coordinates or point, line, and polygon




structures. Vector data models were among
the first efforts for producing sutomated cuar-
tographic products  Kolassa 1983, Puequet,
1984, Today. many geographic information
systems  utlize vector formats for data
storage.  Compatibiiity different
software svatems for cartographic products
derived trom satellite imagery has become a
problem « Lauer, 1986 . This problem stems
form the vast amount of current satellite
information avallable in raser format and
map producing ftwae and cuipui devices
which utilize data in vevisr tormat.

between

There are tany advantages and disud-

vantages associated with storing and mani-
puiating data in raster or cedter fonmat
Kolassa 1953, Peuguet 1951 however, the
raster to ve, or data conversion precess typ:
callv has tuo prblome associated with o
1 high niocesang overhesd and 2vdifiicoity
of associntio: atributes wiih aowiy created
vector Loors pomts, or polieens (Kowssa
1% The beat e scenario would be w
deal with vector and rwtor Jdata soparately
within aotware package.  This
would allow the user te input, menipulsue
output and stene digtal data in the most
efficient formar poasible, as well as enanble
co-display of racter nd cector filea. These
raster and vecto: capabilites are found in
the GRASS e ftwire packagze.

Why integrae Raster SPOT Sateilite
Imagery 1ole a G omaphic information Sys-
tor? Tho e ane many justifications for util-
izing SPOT Dawa i a GIS) D'SPOT sateliite
aprurery 1w CRRENT. Data may be col-
lectrd several times per month over the
same area b atilizing SPOT s poiutable mir-
mrs, 223POT it toagery is DIGITAL.
Digital data saves time and money by elimy-
maung o st moaad processing. 3)SPOT
anagery = MULTIPURPOSE. A single
SPOT scene may be used for creating land
w lard cover maps  extracting uansporta-
tion mutes, monitoring urban growth, plan-
ning geological explortion, to name a few
application.s. 4 SPOT imagery offers GOOD
CARTOGRAPHIC ACCURACY.  SPOT
panchromatic data may be used for mapping
a wales of 1112000 and smaller. Finally,
HEPOT satelhite imagery is ECONOMICAL.
SPOYT irnagey can cost up o 5074 less then
aerial photogrphy or acquisition, interpreta-
tion, and map generation,

a angle

Adavatages of using GRASS
Integrate SPOT Imagery into a Geographic
Information Systemn. As mentioned above,
there are advantages and disadvantages to
storing and manipulating data in raster and
vector formats. GRASS has both raster and
vector capabilities which enable a user to
create new vector files through co-display,
create new raster files and update old one
files, such as USGS Digital Line Graph
‘DLG data. GRASS is being used by a
large numnber of people for a wide variety of
applicationg. This means cooperative efforts
in research may be coordinated and some
digital dara files may be shared. Finally |,
GRASS is available to the general public at
almost no cost, which s ideal for groups
operating on a tight budget.

Current. low cost input daia are essen-
tiad if users of geographic information sys-
tenss intend to support accurate and efficient
;nuvblem solving. SPOT satellite imagery is
current, cost effective, information source
for geographic information sytems. Some
GIS applications best exploit data in either
raster or vector format. The GRASS
software package, however, can manipulate
Jdata within and among these formats to
meet the goals of spatial applications.
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The Design and Implementation of an Exploratory Data
Analysis System (S-GEOQO) for Integrating with GRASS, Remote
Sensing and Database Management

Sandra C. Parker

Associate Professor of Industrial Engineering
University of Arkansas
Fayetteville. Arkansas

and
Associaie Archeologist
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Favetteville. Arkansas

ABSTRACT

An exploratory data analysis sy:tem, called 8-GE, which integrates with
the GRASS system, has been desgned and implemented. The system is based
on the S statistical language developed by Bell Laboratories. S is an interactive
environment for data aralysis and graphics, and it is it's readily usable graphic
capabilities that particularly distinguish it from other statistical systems.

Since GRASS is capable of incorporating remote sensed data, this explera
tory data analysis module allows the analysis of such data along with that of a
typical geographic data layers. such as soils geology. and other such environ-
mental data. The S module is desi.ned to access the data sets that are tran-
sported via the "GRASS to S medule” in GRASS. These data sets are in a par-
ticular form and S-GEO is designed to recognize and use this unique data
representation for information representing the various data layer values for
point locations, such as archeological sites, and summary information for all
cells of the region of siudy. Data from GRASS may be transported for any
number of different sites lists, each identified by a unique prefix attached to the
corresponding data sets.

S-GEO includes various univariate, bivariate, and multivariate analyses
modules, all with appropriate graphic representation to aid in analysis, accessi-
ble through a menu presentation. Data for different sites list are accessed by
identifying the appropriate prefix for the desired data In addition to access to
the geographic data from GRASS, S-GEO also permits the incorporation of
other kinds of information regarding sites. This latter information is accessible
through a database management system. In this implementation INFORMIX is
used to provide the additional data study. The only requirement, however, is a
flat file of data with one record per point, so other database management sys-
tems could be used. S-GEO includes modules which retrieve and combine geo-
graphic data from GRASS with the appropriate descriptive data from the
INFORMIX database. One such module utilizes a subset of information, there-
fore a subset of points or sites, from the descriptive data set and retrieves the
appmpnrate geographic data for these points from the GRASS data structure.
These data are then maintained in one structure, the characteristics of which
are designed to be like that of data structure resulting from a GRASS to S tran-
sport. Therefore the SGEO modules are moved from GRASS, Another S
GEO module allows the user to identify any particular set of points or sites as a
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group to study as a unit. This module retrieves data from both the descriptive
data set and the GRASS data to produce a GRASS to S data structure which
may also access the S-GEO analysis module.

A gZeographic information systemn
{GIS) can be defined as an automated sys-
tem for the storage, retrieval and analysis of
spatially referenced data. There are two
basic kinds of GISe, a vector-based system
and a cell-based system. In the former,
areas are represented as vectors (spatial
coordinates  locating  lines) defining
polygons, and this type of GIS represented
the usual system of choice until recently.
The reasons for the early preference of a
vector-based system over a cell-based sys-
tem include the fact that they allow the pro-
cLction of superior cartographic output and
_1gy were easy to implement with the
hardware and software available prior to the
mid-1980s. A magjor shortcoming of
vector-based systems, however, is that they
do not allow for appreciable statistical char-
acterization or analysis of the geographic
data which they store.

A cell-based GIS is one which
effectively divides a spatial surface into a
rectangular grid and stores, for each grid
cell, the spatial coordinates which locate the
cell on the surface as weli as any discrete or
continuous data pertinent to describing or
characterizing the surface of the cell. These
data effectively provide an n-dimentional
matrix which can be used to produce high
quality visual output, given high resolution
visual display equipment, and can be used as
the basis for extensive statistical characteri-
zation and analysis.

During the 1970s and early 1980s,
cell-based systems were constrained by fac-
tors such as inflexible cell sizes, large data
storage requirements, and the high cost of
raster (cell) display devices. Though these
factors limited their application, cell-based
systems were nonetheless considered to
have greater analytical potential due to the
ease with which the data could be subjected
to numerical analyses. This potential was
demonstrated by developments in the area
of remote sensing, including the application
of classification methods to analyze remote
sensed scenes.

Hardware developments in the mid-
1980s and software written to utilize this
hardware, have allowed the emergence of
cell-based G1Ss which address the earlier
problems., Modern cell-based systems can
use the many classification methods
developed in remote sensing as well as a
variety of map calculator operations. How-
ever, there has been no cell-based GIS
development to date which encompasses the
full range c¢f robust multivariate statistical
techniques which are applicable to the mul-
tidimensional GIS data. This paper reports a
software development which is designed to
provide he full range of statistical tech-
niques to a particldar GIS, Geographic
Resources  Analysis  Support  System
(GRASS 3.0).

GRASS is essentially a cell-based GIS
which is interactive and allows for the visual
presentation of grid cell data layers in two
dimensions, as well as 3-dimentional visual
presentations. Vector and point data may
also be stored and displayed. Numerous
map layer types may be represented for an
area of interest; some data layers represent
basic raw data collected from the surfxce,
such as elevation data, while other data
layers are derived from one or more other
surface  representations.  Examples of
derived data layers are slope and aspect,
both derived from the basic elevation data.
Additional map layers may be derived by
classifying cells according to their distance to
some aspect of the landscape "such as
streams. An analyst may also reclassify a
data layer, such as soils for example, into a
new data layer which gives a different organ-
ization of the basic information. One might
derive a more general soils map which
groups similar soils into fewer classes, but
classes which may have more interpretive
meaning in the analysis than did the more
finely divided original soils map.

In most GIS applications, there are
many data layers of interest, particularly
given the ability to derive new layers of
analytical interest. The resulting complexity




and multidimensionality of (1S data sets can
make multivariate patterning difficult to
assess. Modern statistical developments in
exploratory data analysis (EDA) include
techniques which can be useful in analyzing
multivariate spatial data. In fact, there is an
EDA system which shares some of the
characteristics of GRASS - its interactive
and analytical attributes. This EDA system
is the S system (Becker & Chambers 1984},
developed at Bell Laboratories, and it is
interactive and strongly graphics orented.
The linkage of a powerful cell-based GIS
and an interactive, graphic statistical system
such as S is both needed and feasible. A
IS should not be seen as an isolated sys-
tem but rather as one component in a
comprehensive automated database environ-
ment including database management,
remote sensing, and EDA componenis.
Toward this end, software to link GRASS, a
database management systern, and S has
been developed and implemented by the
author.

An exploratory data analysis module,
based on the S statistical language, has been
developed to link S procedures to GRASS
databases as well as to other databases which
pertain to points of interest located in the
analysis surface. Since GRASS is capable of
incorporating remote sensed data, this EDA
module allows the analysis of such data
along with that of typical geographic data
layers, such as soils, geology, and other such
environmental data.

The new software is designed to access
the data sets that are iransported via the
"GRASS to S module” in GRASS. These
data sets are in a particular form, and the
new EDA module is designed to recognize
and use this unique data representation for
information representing the various data
layer values for point locations, such as
archeological sites, and summary informa-
tion for all cells of the region of study.
Data from GRASS may be transported for
any number of diderent siies lists, each
identified by a unique prefix attached to the
corresponding data sets. The user is queried
as to the prefix or prefixes desired for any
particular analysis, and this is the mechan-
ism for control of the content of the data
matrix to be subjected to analysis. The new
EDA software includes various univariate,

- 49 -

bivariate, and multivariate analyses macros,
all with appropriate graphic representation to
aid in analysis, accessible through a menu
presentation.

In addition to access to the geographic
data from GRASS, the EDA module also
permits the incorporation of other kinds of
information regarding sites. This latter
information is accessible through a database
management system. In this implementa-
tion INFORMIX is used to provide the addi-
tional data regarding the points of interest in
the geographic region under study. The
only requirement, however, is a flat file of
data with one record per poini, so other
database 1nanagement systems could be
used. The new software includes macros
which retrieve and combine geographic data
from GRASS with the appropriate descrip-
tive data from the INFORMIX database.
One such macro utilizes a subset of informa-
ton, therefore a subset of points or sites,
from the descriptive data set and retrieves
the appropriate geographic data for these
points from the GRASS data structure.
These data are then maintained in one
prefixed structure, the characteristics of
which are designed to be like that of the
data structure resulting from a GRASS to §
transport. Therefore the EDA macros are
equally usable with such a data set as with
the data that are moved from GRASS.
Another macro allows the user to identify
any perticular set of points or sites as a
group to study as a unit. This macro
retrieves data from both the descriptive data
set and the GRASS data to produce a
GRASS to S data structure which may also
access the EDA analysis macros.

In summary, this EDA module pro-
vides a link between a powerful cell-based
GIS system with the capability to incor-
porate remote sensed data, discrete and/or
continuous point data maintained in a data-
base management system, and a powerful
interactive, graphic EDA system. It pro-
vides an analytical database environment
from which one can do a wide varety of
analyses, including multivariste analysis of
GIS data.
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THE MARRIAGE OF GRASS AND ORACLE
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ABSTRACT

GRASS 2.0 was ported to a PC/AT under MS-DOS as part of the
development of a prototype Assessment System for Aircraft Noise for the U. S.
Air Force. Information about and complementary to map layers are stored in

an ORACLE relational database.

The 1969 National Environmental Pol-
icy Act (NEPA) requires the U.S. Air Force
to assess the effects of their operations on
people, animals, and structures. Environ-
mental planners prepare analyses that range
from simple findings of no significant impact
to preparation of extensive environmental
impact documents. The analyses are typi-
cally based on combinations of geographi-
cally referenced and other documentary
information.

Planners at remote Air Force facilities
are often hard pressed to obtain the timely,
religble, and comprehensive information
needed. They often need to present compo-
site maps displaying information from
disparate sources (topography, transportation
networks, aircraft noise exposure contours,
aviation, population, land use, archeology
and cultural features, seasonal habitats of
endangered species).

It is not enough to locate and identify
potential aircraft noise impacts, one must
also evaluate their significance. Thig
requires extensive computation, but also
access to various engineering models and
reference to citations from specialized techn-
ical literature. Few computer-based tools
are currently available to facilitate these ana-
lyses.

The U.S. Air Force Noise and Sonic
Boom Impact Technology Program (NSBIT)
is sponsoring develogment of an Assess-

ment System for Aircraft Noise (ASAN) to
provide planners with the means to conduct
their environmental assessments in an
efficient and cost-effective manner. The
first part of the development effort, develop-
ment of a preliminary prototype system, is
the topic of this paper. Development of a
final prototype is now underway, in prepara-
tion for delivery of the first release of a pro-
duction system in 1992. '

The following were among the funda-
mental design constraints on ASAN:

0  users may not have extensive training in
environmental acoustics and NEPA

requirements.

o users often work on more than one
environ:nental at a time.

0 duration of assessments may exceed the
job tenure of the planner.,

0  users, often junior officers trained in civil
engineering, cannot be expected to have any great
familiarity with computing.

o users cannot be expected to have access
to advanced graphic workstation
hardware.

o and, to keep things challenging, we had less
than six calendar months to put the
prototype together.

The design goal of ASAN is to provide tools
to assist planners in their tasks:




1. Process oriented.

o Determining the steps required to
complete the assessment.

o Tracking the status of the work
through its stages.

o Helping find likely sources of
information for unstructured
parts of the data gathering and
analysis.

o  Organizing "fixed" data
maps, mission profiles,
aircraft noise characteristics)
effectively.

2. Analytic.

o calculating to predict noise
exposure based on current best
engineering practice.

o  assessing of impacts based on
current knowledge of the effects of
noise exposure on the environment.

o reporting the engineering and
assessment results in a form useful
for inclusion into an final
document (e.g. an Environmental
Impact Statement or Finding of
No Significant Impact).

3. Organizational.

o documenting work and decisions for
review by cognizant authority.

o record keeping required for
compliance with NEPA,

o making supporting information
accessible and understandsble
to successors after a planner
has been reassigned to other duties.

From the user's perspective, ASAN’s
appears as shown in Figure 1.

The ASAN target system was a Zenith
Z2-248 (USAF's PC/AT "compatible” com-
puter) running Version 3.3 of MS-DOS.
This relatively inexpensive machine was
selected 1) because it has been purchased in
large quantities by the Air Force and is thus
likely to be generally available throughout
the environmental planning community, and
2) because the commercial mass market for
this and other IBM PC/AT-compatible com-
puters makes available low cost graphics,
mass storage, and other peripheral equip-
ment.

It was decided to develop ASAN on
top of existing GIS and relational database
management systems. GRASS 2.0 was
selected as the GIS system, ORACLE as the
relational database manager, and U, a BBN-
proprietary screen-oriented user interface for
the user dialogue. ASAN's software archi-
tecture is illugtated in Figure 2.

MicroSoft C was chosen for the imple-
mentation under MS-DOS, largely because
of its completeness and close compatibility
with standard UNIX C. In the past we have
ported software written in C for UNIX to
the MSDOS/MicroSoft C environment
without substantive change.

The original battle plan for integrating
GRASS into ASAN was to port as much as
possible of the GRASS software from its
original UNIX/Massconip environment to
the Zenith Z-248 under MS-DOS. Then, as
analytic programs were developed and needs
for geodata manipulation identified, software
interfaces could be built to the appropriate
GRASS features. A major advantage of this
plan was the availability of a stand-alone
GRASS system on the ASAN host during
development. This could provide views of
ASAN data that were not directly available
through ASAN itself.

Like many battle plans, this one did
not survive long after initial contact with the
enemy, for several reasons. GRASS was
apparently developed as a set of independent
functions. Users interact with a consistent
top-level shell or control interface that
selects and invokes functions. The control
interfaces inside most functions are not
standardized, however. Some functions take
LISP-like statements as user input, others
take command lines of the keyword-and-
arguments form, still others use their own
menu structures.

Worst of all from the perspective of
building ASAN on top of GRASS, control
interfaces for many functions are deeply
embedded in the functions’ execution logic.
In some cases, modifying the original code
to provide compatibility with the ASAN
standard user interface proved to be more
costly than re-implementing the functional-
ity from scratch.

GRASS 2.0 code also reflects several
assumptions concerning the supporting




hardware and software environment that are
inconvenient for porting efforts. Parts of
GRASS rely on a UNIX interprocess com-
munication facility not available in MS
DOS, mostly to support a multi-user
environment with a single shared display
device. In the single- user ASAN system,
this and several similar issues were easily
resolved. Dependencies on idiosyncratic
Masscomp graphics protocols were expected,
but surprisingly few were found. Those that
were found were not of a serious nature.

Much more serious was the treaumnent
of pointers and integers as interchangeable
and equivalent quantiides. This practice is
forbidden by the C langiage definition but is
not detected by most C compilers. 'This
assumption rarely causes problems on 32-bit
computers, where both pointers and integers
are 32 birs wide. But in our developmieit
environment, it created some of the nasticst
poring probleins. Undetected instances of
interchanging puinters  and integers can
cause  either vconstant  or intermittent
unpredictable operation, inconsistent pro-
gram output, data cosruption, damage w
unrelated  co-resident  software,  systein
software  crashes, and even disk and
firrnware damage.

More than two hundred instances of
this problemn were found in the GRASS
source code. Many instances were found by
runiing the UNIX Lint utility over the
source cade and oo 11 ine s Hegting every
reported ancmaly. Critical sections of code
were analyzed line by line by an expericnced
prograrmmer.

The GRASS code is structured as a
multilayered model. An action that pro-
duces graphics can pass through many layers
of function calls before drawing commands
are produced. In the interests of simiplifying
the MS-DOS version, it was decided to
reduce the number of functional layers as
much as possible. One obvious reduction
was the combination of the drawing-
command layer on the user side of the
graphics pipeline with the artual drawing
code on the device support side. After
resolving considerabie confusion over the
termn "window” ( GRASS uses the term "win-
dow” to refer to the entity called a
“viewport” in classical computer graphics),
the GRASS window layer was essentially
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eliminated.

The usual difficulties associated with
porting a large UNIX-based software system
to MSDOS were also encountered. The
most notable were in the area of memory
management. The Microsoft C implementa-
tion of the standard C memory manage-
ment functions -- malloc(), calloc(), free()
-- well known to be unreliable in large com-
plex software packages, was indeed trouble-
some in this port as well. Since the problem
is related to the MS-DOS intrinsic memory
limit structure of 640k bytes in 64k seg-
ments, it can be thought of as a memory
utilization problem.

One solution would be to add expan-
sion memory hardware to the system, and to
use a memory management sof*ware pack-
age that utilizes the expansion memory for
dynarnic allocation. Unfortunately no such
package 1s available, and neither time nor
funding was available in this project to
develop one. ‘The recent release of MS
DOS version 4.0 may present another solu-
tion, since it reportedly includes an expan-
sion memory handler. But for the ASAN
proiotype development effort, the simplest
solution was adopted: problematic memory
ianagement code was rewritten to employ
static mmemory.

Recall that the goal of this effort was
to construct an ASAN concept demonstra-
tion prototype system in a short time with
iir'mal resources, and not specifically to
port GRASS to the MS-DOS environment.
As more and more porting problems were
encountered, the development process was
necessarily refocused on the oversll project
goal, and the GRASS presence in ASAN
was drastically reduced, until the goal of
developing an independent GRASS within
ASAN was abandoned. If a GRASS feature
was not required for the demonstration. it
was omitted.

In the case of absolutely essential
GRASS functions, such as map layer display
management, it eventually proved to be
quicker to write new code from scratch
rather than to unravel and port the original
GRASS code. As a result, the ASAN con-
cept  demonstration  prototype  system
software does not contain any original
GRASS code, even though GRASS geodata




file structure concepts and file formats were
retained. Raster data are stored as "cell”
files; vector and point data are stored as
"digit" files (used by standard GRASS as an
intermediate format in some internal and
conversion processes). In this manner, the
data bases developed for the ASAN prote-
type are not lessened in value, and in fact
can be further enhanced on standard
GRASS workstations.

As useful and effective as a GIS is for
many ASAN-related purposes, its capabili-
tes fall short of an environmentai planner's
needs. For example, much of the informa-
tion is not inherently georeferenced. e.g.,
aircraft noise and performance characteris-
tics. ASAN also contains an elaborate cita-
tion index to the technical literature, a
Rolodex-like capability, and various other
aon-georeferenced information. A conven-
zonal database is more appropriate for such
information than a GIS.

Some other limitations of geoinforma-
tion systems in general and GRASS in par-
ticular also limit the usefulness of a purely
GIS approach to solving the environmental
planners’ problems. For example, the range
of sound pressures of interest can vary over
a range of about 15 orders of magnitude,
while small local variations are important.
This precision is beyond the capacity of the
GRASS cell file structure.

Further, analyses of noise impacts on
buildings, ruins, or historical sites often
require consideration of a large number of
parameters. For example, great detail might
be required about the nature of a structure;
its age, construction, and use; its occupants
and times of occupancy; and so forth. In
addition, the sources of information and
dates of entry or modification must be
tracked for several purposes: to create a
complete record of decision, to evaluate
currency. and to facilitate performance mon-
itoring and updating. It is convenient to
manipulate this mass of detail in ways that
cannot be readily accommodated within a
GIS.

Non-georeferenced information in
ASAN is stored in an ORACLE relational
data base, which provides a full implementa-
ton of the ANSI standard Structured Query
Language on a PC. A unique feature of

ORACLE is that most of its activities take
place in extended memory, running in pro-
tected mode on the 80286 or 80386
microprocessor. In other words, except for
70 kB or so, the MS-DOS operating system
does not "see" anything of the database
software.

This was a major consideration in
ASAN development, because the SQL
engine is so large that it precludes develop-
ment of large scale applications that must
share memory with the DBMS. Since the
alm was to build a large simulation model
on top of the DBMS (not merely to use a
4GL to do sumple stores and retrieves), this
proved to be an essential feature of the data-
base system.

The GRASS-ASAN-ORACLE proto-
type stores non-georeferenced data in nor-
malized -elational tables, where it is accessi-
ble to a large number of analytical routines.
ASAN uses the relational approach for
discrete geo-referenced data, but creates a
GRASS file as needed for display. A struc-
ture similar to the cell file, capable of stor-
ing floating double rather than integer data,
is ultimately required for our continuous
geo-referenced data.

While a normalized relational database
possesses a certain theoretical cleanness, this
comes at the price of system overhead. For
a demonstration prototype this is not neces-
sarily a problem, since such a system
requires only limited amounts of data, and
an easily modifiable database is more impor-
tant than high speed performance.

Our approach violates nonetheless
some basic principles of database design by
carrying large amounts of redundant infor-
mation in GRASS and ORACLE files. A
set of ORACLE tables is therefore required
in ASAN to maintain synchronization within
the redundant portions of the database.
This is not an undue burden because ASAN
must keep track of revision levels, entry
dates, and the “freshness” of the data in any
event. ASAN continually checks that one
piece of information does not conflict with
another, and that a particular set of user-
specified information is in fact a valid com-
bination of possible inputs. An additional
check for database redundancy fits naturally
with this requirement,




Of course there is one major caveat:
One can view information directly with
either the geodatabase or conventional data-
base systems, but it is an absolute necessity
that the ASAN shell be used to modify
information. The internal audit trail loses
file synchrony if ASAN is bypassed to
update them,

Storage of information about the vari-
ous map layers in ORACLE permits forinu-
lation of interesting questions frcm the
GRASS/ORACLE combination. For exam-
ple, consider a map layer contuining the
habitat of an animal species. When that
map layer was created it was recorded in the
ORACLE database that it deala with a par
deular animal or group of animals. (This is
done by including the animal's taxon
number from ASAN's taxonomy table for
the animal kingdom.)

ASAN can not only answer the ques-
tio.a "Where does this animal live?", but can
also retrieve references in the scientific
literature concerning the animal from a
bibliography that is indexed by taxon
number. The production version of ASAN
will be able to carry this process one step
further. ASAN will eventually be able to
answer the question "What do I need to read
to understand the impacts on the local
fauna?”

The preliminary prototype was first
demonstrated last winter. It performed all
of its intended functions and was received
with great interest by its sponsors and
members of the environmental planning
community. The design of a first opera-
tional prototype is now under way.

The Air Force is in the process of
standardizing on 80386 machines. This
hardware is a much better engine for large
and compute-bound systems such as ASAN.
MSDOS, with its 640kB limitation, does
not make much sense in this environment,
but the Air Force has not yet comunitted to
an operating system for the new machines.
Development of ASAN will probably not
occur within O 2, which is at present only
partly developed itself, and may not be the
system of choice in 1992.

Continuing development of ASAN
under MSDOS imposes the operating
system’s limitations on ASAN's architec-
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ture. Although it is preferable to design a
software- intensive system for delivery in
1992 for the 1990’s desktop machine,
development cannot continue in an operat-
ing system vacuum. One interim solution to
this dilemma is to conduct the next develop-
ment phase of ASAN in UNIX. This would
allow ASAN to sit out the battle in the
operating systems market for as long as pos-
sible. It also means less work porting new
GRASS developments to the eventual
operating environ-ment.

Since GRASS is not being utilized
within ASAN as a stand-alone system, but
rather ae a building block for a much larger
system with its own user interaction,
development of a "layered" GRASS (in
which function control logic is separate from
execution logic) is highly desirable. A sug-
gested model fer future development of
GR. SS is the approach taken by conven-
tivnal databases. A modermn DBMS has a
4GL front end so that functional primitives
can also be called from application code
through a well- defined protocol. A GRASS
that includes user access to its component
building blocks would be a major step
toward bringing geo-information systems to
a new level of functional maturity and mak-
ing GRASS accessible to many other
problem-specific applications.
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INTEGRATING RELATIONAL DATABASE CAPABILITIES
WITH THE GRASS GEOGRAPHIC INFORMATION
MANAGEMENT SYSTEM

James A. Farley

Arkansas Archeological Survey
Fayetteville, Arkansas

ABSTRACT

Relational database management systems (RDBMS), have provided users
with the ability to store, manage and manipulate large volumes of information
for nearly twenty vears. Since E. F. Codd’s early research with the relational
model in the late 1960’s these systems have been refined and today represent a
standard {or information management. While RDBMS are traditionally viewed
as text based systemns they can contain spatiai reference data which provide a
logical link to a GIS such as GRASS. This ability to link text based systems
with a GIS serves to extend the range of information available to the GIS user.
For example, UTM registered point data and polygon or area data can have
multiple attribute associations which are retained in the RDBMS and accessed
from within the GIS.

The Arkansas Archeclogical Survey is currentlv developing an interface
between GRASS and a number of archeological databases constructed using the
INFORMIX relational database software which supports the Structured Query
Language (SQL) standard. This interface will allow the GRASS user to gen-
erate sites lists and reports using SQL from within GRASS. Discussion will
focus on the rationale for this approach, the benefits it will bring to GRASS

user and the progress made to date.

INTRODUCTION

The Arkansas Archeological Survey is
in the final stage of designing an extension
to the GRASS GIS which will provide an
interface to a number of archeological data-
bases. These  databases have been
developed using INFORMIX, a commercial
database package distributed by INFORMIX
Inc., of Menlo Pearx California The
INFORMIX software supports the Struc-
tured Query Language standard (SQL), and
adheres to the relation model popularized by
E. F. Codd in the late 1960’s. This paper
will examine both the rational behind the
development of an extension to GRASS
which supports an interface of this type and
the methods and strategies we employed in

designing this interface. Althouch the dis-
cussion will focus on archeological applica-
tions using particular databases, the need to
link a relationai database to GRASS is by no
means peculiar to archeology. In fact the
interface presented here will be generalized
ty accommodate many diverse applications.
There are three key issues which should be
should be kept in mind throughout the dis-
cussion:

1) GIS applications may be appropriately
applied to any problem or data set which
has a spatial component regardless of scale.

2) A GIS is nothing more than a spatialy
regstered database.




B The cost associated with constructing a
database, spatial or non-spatial, demands
that the infonmation be used in as many
contexts as possible.

Underlying these issues is a genera
philosophy which emphasizes a modular
approach o information management and
automated analysis. Within this conceptual
framework two major themes are relevant to
the present diseussion. First, any database
represents a leng werm institutional invest-
ment and because of this it must be main-
tained In a manner thal permits maximum
veage in a wide variety of applications. This
can be thought of as a corporate struwegy for
database managemont. Second. m order w
facilitate such a strategy a toulbox mentality
needs o be developed in which individnal
application programs are seen as epariade
but compatible tools which can be used in
anontegrated fashion to accomplish resciuch
or management objecuves  Under this for-
mat each wol e GIS, the RDBMS or
other applications programs.. 1: us-d in
way that cmphasizes its strength and no tool
is modified in onler w perform tasks for
which it was not onginally deagned.  This
1z the inverse corollary to the K-TELL
GINZLU it slices it dices paradigim of inertia
Simply stated, when you need a hammer use
one, but when you need a screwdriver
don't try 0 make the hammer do the
screwdrivers job.

A DATABASE INTERFACE TO GRASS,
WHO NEEDS IT?

GRASS is an extremely powerful and
comprehensive software package which s
capable of manipulating spatial data to
addreas a wide range of problems. Given
this, why introduce additional features which
add to its complexity and may be responsi-
ble for making the svstem more difficult to
use” This approach can be characterized as
the "I[F IT AIN'T BROKE .. DON'T FIX IT
pandigin of pmgress”, which has a great
deal of merit particularly where computers
are involved.

However, there are several valid rea-
swong for such an undertaking. First, the
concept of atext based or relational database
1s almost synonvmous with computer appli-
cations. Database’s, particularly  relational
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databases have become an integral element
in the day to day operation of businesses,
the Federal gpvernment and research outlets
across the country. In these wide ranging
contexts peuple have amassed an extraordi-
nary volume of data and have come to rely
on databases to maintain multiple observa-
tions on diverse data relationships in an
organized structure. This organization of
infortnation is the job that database tools are
carefully crafted w perform. If we as GIS
proponents were to adopt a corporate atti-
tude towards both the spatial and non-spatial
database: we have access o we might derive
significant benefits from our attemnpts to
exchange data and information between the
two,

In addition to these basic organiza-
tonal strengths relational databases ofien
contan informaticn which is closely linked
i GS applications.  For instance, much of
the information stored in databases is spa-
tialiv registered or has a readily identifiable
spalial component, This is particularly gue
in the arva of natural resource management.
Archeology, for instance, attempts to regis-
wr everything to a particular provenience
and we have entered vast quantities of data
denling with individual artifacts, subsistence
strategies,  settiement patterns and popula-
tion dynamics into relational databases.

Each of these ¢ntries has correspond-
ing locational information and while the
scile may vary from centimeters to meters
to kilometers the simple presence of this
spatially registered data demands that the
information be subjected to the type of spa-
tiadl analysis normally associated with GIS
applications. Tt is suggested here that this
preponderance of locational data located in
text based database. is not unique to
archeology. but might be widely found in
any number of applications oriented towards
the environmental sciences.

Most importantly there is a logical
linkage Dbetween databases and GRASS
which is evidenced by some of the existing
GRASS tools. The SITES module requires
that a series of UTM coordinates with an
accompanying tag or identifier be entered
into the system to prepare a surface suitable
for positional analysis. The RECLASS
module requires that a series of relationships
wre defincd and input to modify existing data




and construct a new map layer. Each of
these processes involve the input of infor-
mation which is maintained outaide of the
GIS In many instances this information has
been previously entered into an existing
non spatial databas of one type or another.
While GRASS is perfectly capable of
handling these «tuations in its present
configuration the methods used to conduct a
RECLASS or 1o generate a SITES lst is
somewhat analogous to the hammer aad
screwdriver mewaphur cited  avove.  The
strength of GRASS lies in its alahiwy o
manipulate and  display padal dat The
grengths of a Jdatabase e nits aoility W
pertorm conditinnal subsets, o adiust v alues
beed en slected eriteria and to quicily
nwpers with multiple formatting
. here foatures are exactly what s
caured by voth SITES and RECTASS,
foeefore egtablizhing & link o 2 toxt based
danibiase o logmeal next step in the evohs
uen of the GRARS avste i, Taking this step
should  mmprmve  the  ease with  which
modules sich as SITES and RECLASS are
executed md i addition should stimulate
increased nse of thes tools whiie incor
poratng a much wider range of valuable
data. This type of svinhiouc integradon is
ar excellent example of the TOOLBOX
appmach 1w automated analysis,

DBGIS TOOLS: AN INTERFACE ONLY
A MOTHER COULD LOVE

Integration is a lot ke time, ita a
migtive phenomena. Twa things can be
charactenzed as integrated i a simple con-
nection i3 made between them. However,
hig is not the degree of integration we felt
wruld be most likely o encourage us: of a
database link with GRASS. GRASS users
are  already accustomed to an extremely
flexible-. rrendly inter’ace which accomimno-
dates many levels of user sophistication.
Because of this we felt it was essential to
wtain az much of a GRASS fee! as possible
leaving the actual database interface tran-
sparvnt b the end user where ever feasible,

The resulung suiti- of DataBase  GIS
tools DB wols, attempts to achieve this
level of integration while addressing some
of the icaues outlined above. These tools
av desygmed 1o be accessed from  within

existing GRASS modules or from new
modules which scmulate those already
present in GRASS For the purposes of
development we have relied on two existing
databases which have been used in ongoing
research at the Arkansas Archeological Sur-
vey. The AMASDA database is a
comprehengive inventory of over 22,000
archeological  sites  with  information
nmeasuring over 130 attributes including
UTM easting and northing. The second
database used during development is smaller
and contains census oriented data from
over 700 counties encompassed within the
COE Southwestern Division. In this case
~ach county polvgun recerved a uniqu~
idendfier enabling us w treat this data in
much the same way as one would ueat a
ma; layer representing training areas on a
nilitary  installation.  However, as noted
above the usefulness of these wols is by no
mezns restricted to such a narrow range
of apphcation and they are being imple-
imented  with an eye towards oventual
g-neralization.

DB SITES - Database Derived SITE
LISTS

‘The DB SITES module will be created
as an extension to the existing SITES pro-
grams appearing as option number nine
on the menu. This program will be driven
by a direct interface to INFORMIX and
will support a query by forms format.
Under this formmat the GRASS user will
be temporerily placed in the INFORMIX
environment and a data entry form wiil
appear on the screen. At this time the
user will select the database tables from
which to draw information and enter values
into the fields upon which the queryv is to
be based. In most instances this process will
require only a few key strokes. The data-
base systern will then take control and
retrieve the rows which satisfy the query
and exist within the currently defined win-
dow. For example in AMASDA one
might request all sites with mounds or
all sites that have been assigned to the
cultural period Early Caddo. More com-
piex queries mught seek all sites which
have truncated mounds, and have been
designated a- ~ate Caddo and also have




been subjected to nonscientific investiga-
tons.  Such o query would allow us o
rapidly identify all known Late Caddo

mound sites which have been the focus of
non-authorized excavations. The query
iteelf may incorporate wildcard characters,
range values, character strings or  specify
Boolean relationships. Or :e retrieved the
rows will be formatted to conform w a sies
list structure using the INFORMIN report
generator ACE and  placed in the =ite lizws
directory ot the cument LOCATION
MAPSET. At this ume the user 1s muarmed
w the mamn SITES menn and 1may begin to
work with the @ ewly ereawed sites Hse
Althougl. this module has not Leen
formalls put in place we have nsed 1w basie

compa- nents in  corjuncticn  wih
AMASDA L The vesults of this Imited tea
Qg WU Very  encouraging, (hver the
course of a0 aftemeon we were able to gen

erate approxinately thirty separate <ites lists

aang both ample o0 commplox gueries

e datbase 1 owa s w empase that
thise Sies lists wen generawd using ongy

the most basic tvpey 0 quenes and  that
they heve heen deveioped for the purpos
of example, We have not yet begun to vy
exercise the database 1w take advantage of
the mulil table querving capabilitics it sup-
ports to extract compiex associaicns fmim
armnz the gate,

DB RECLASS -  Dat base
RECLASS of Polygonal Daw

The DB RECLASS module will
aunwmate  the  existing GRASS modules
Reclass 1 G _reclass!, and will permit the user
to specify any associations which exist in the
database as the criteria tor creating the new
map laver. This process will simulate a GIS
which preserves multiple attribute tags for
mdividual polvgons,

DB RECLASS will be accessed from
the command line using an  argument speci-
fving the GRASS map layer which is to be
the cbject of the reclass operation. Like DB
SITES, DB RECLASS will place the user
into the INFORMIX envimonment. At this
time the nser may enter a single value,
muluple values or a fornnula which is to
form the bazis of the reclass operation.
This information is then ncorcrated into

Derived
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an SQL statement and submitted to  the
database which performs  the  requested
operations and transfers control o the

ACE report writer which formats a Greclass
input file. Greclass is then executed using
this file as input and upon completion all
necessary GRASS support files are con-
structed and control is passed back to the
command line.

Using this approach in conjunction
with  the COE  Southwestern Division
census  database  we  were able to quickly
construct a number of choropleth maps
which  represented  demographic  change
measned at ten and twenty vear intervals
and 4 number of archeolegical maps dep-
Ieting  aits densites  and levels of investi-
gation thoughout an cight  slate region.
each:  poivgon, counties in  this
ms=imce. has 2 nnique number and associ-
e awnbute nformation  the  reclass
oyeration may be quickly performed by the

Deocanse

datilese along a number of  important
dimensons,
Again,  this approach Is not res

fricted to thiz nammw range of application.
We  have begun to experiment with this
process using data derived from soils maps
and  county  oils association reconds  and
have been successful in quickly creating
mup layvers  depicting phenomena such as
Fiv nnd sour texture. Because DB RECILASS
will accept an  algorithm which is used to
derive new values w represent each polygon
it will function in much the same way as
Gmapeale except that the calculations are
performed on columns within the database
istead  of brtween map layers in the GIS,
For example in onler to standardize the
census data for area we had the database
divide the populadon value for each
county by the number of square miles
within that county to obtain an estimate of
population per square mile.

DB WHAT - Mouse Driven Database
Attribute Reports

The final database tool we are work-
ing towards at this time is a variant of the
Dwhat Command supported by GRASS,
The DB WHAT module will function in
much the same way as Dwhat except that
it will poll the database and report back on




any  known attrnbute associations within
fixed window of one kilometer. Like Dwhat
this will be a mouse driven routine. The
user will enter the DB WHAT command
from the cominand line and a graphics
cursor will appear on the display screen,
The user then positons the cursor in  the
approximate area for which information is
wanted and clicks on the mouse. At this
tume UTM coordinates associated with
the graphics cursor position are passed to
INFORMIX and SQIL. statvinents are exe
cuted to obramn all the rows which taill within
one  kilometer  of  that location. Al
columns for the resulting rows are then for-
matted using the AUE report wiiter and
sutput.  Ideally this module would repert
dhectdv w0 the srven, however differenual
sperds and the potential for =

10
it

prucesang

v ange of varagon  in o database aze
reqiin the daabage seaech and repoit
oo teorun in e backgruund  and
write th A sk file
Wi frhel the DB WHAT madale wili

provide a great deal of  insight inw  the
renge of information available in the viein-
ity of any gven location within the GIS It
will function asz  a snapshot device which
allows the user o siaultanecusly examine a
(IS map surface and a suite of associated
attributes which are stored off-line in the
mlational databas.

INTERFACE ERRATA - SO MANY

TGOS SO LITTLE TIME

The tooels discussed above are only a
amall fraction of those which could, and
hovetuily wall in the future, extend the
capabilities of the GRASS system. In fact,
the interface are developing might
most effectively e viewed as a proof of
concert. The concept in  this case is not
just the linkay of GRASS te a relational
diabase,  but rather the idea that  the
integration of a number of specialized tools
can enhance the environment for informa-
ton management and automated analysis.
We have also been working with linkages to
the "S" exploratory data analysis system and
have discussed the possibility of working
towands  an interface to a desktop publish-
mg sysem. Wi the amval of X-windows
it that  a  windowing

we

is  conceivable

environment could be established which
allows the user to work at a single dieplay
which is running GRASS, a relational data-
base system, an exploratory data analysis
package and a desktop publishing system.
In such an environment the concept of
integrated tools might realize its full poten-
tial permitting multiple applications pro-
grams to execute simultaneously while data
is input and output from one application to
another.

Imagine the possibilities!
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GRASS in the X-Windows Environment Distributing GIS Data
and Technology

Kenneth Gardels

Center for Environmental Design Research
University of California
Berkeley, California 94720

ABSTRACT

GRASS (Geographic Resource Analysis Support System) is an interactive,
high-performance Geographic Information System package designed to operate
on a varietv of based graphics workstations. Recently, work has been under
way at UC Berkeley's Center for Environmental Design Research to migrate
GRAXS to the X-Windows environment, which is emerging as the standard
graphics, windowing, and user interface syste:n for workstations. X-windous
provides a number of advantiages to the GIS application developer and user: (1)
applications software developed for one hardware platform is portable virtually
without modification to any other platform running X; (2) X is a networked-
based protocol, meaning that users can directly access data and software resid-
ing at any remote host and display results locally; and (3) a consistent user
interface may be maintained acrcss a range of platforms and implementation
schemes, This paper x will discuss the issues in moving GRASS to the X
environment. both in terms of the graphics requirements and the development
of a user interface. It will then describe a series of implementatior. scenaria for
GRASS, including remote database query and geoprocessing with workstation-
based interaction, IS database distribution for local processing and display, and
local or stand-alone data development, analysis, and produciion. In any of
these paradigms, complete ;1S functionality is available to a decision-maker,
planner, resource manager, or other user.

This rezearch effort is being conducted at the Center for Environmental Design
Research 'inder the sponsorship of the Department of Landscape Architecture
and the State of California Department of Water Resources, with additional
cooperation of the US Army Corps of Engineers, Construction Engineering
Research Laboratory.

INTRODUCTION

The exploding interest in Geographic
Information Systems that we are witnessing
as we approach the 1990s is manifesting
itself in users’ demands for direct access to
timely, accurate, and understandable gro-
graphic informnation. More and more,
organizations are requiring that systems they
acquire or develop make such information
readily  available to planners, decision-
tnakers, and other users, who often are scat-

tered throughout a region or state. An
increasing emphasis on standards for com-
munication and data exchange and on
“‘user-friendliness’”’ to a broad community
of users is forcing systems developers to
rethink traditional approaches to the design
of GIS, and indeed to the entire range of
computing resources.

The Geographic Resowve Analysis Sup-
port System (GRASS) has been designed as a




high-performance, interactive environment
for access to geographic data management,
analysis, and display toolsGoran, 1987,
Developed and distributed at cost by the
Army Corps of Engineers, Construction
Engineering  Research  Laboratory, in
cooperation with several federal agencies
and universities, GRASS utlizes the new
generation of based graphics workstations,
which provide mini and supermini computer
performance in relauvely low-cost desktop
gystemiz. Thiz configuration provides organi-
zations with complete Gls :apabilities tor
bath complex analytical precessing and end-
user access to map-based Information.
N-Windows 15 a softwuwe svetem for
computer graphics, windowing, and
interaction that Los been developed over the
57 three vewrs at Massachusetts Institute of
cochnology and  placed the pubiic

HISer

it

i 3-Windows @2 unique in its stong
nesaork arieniiation and device-
ndependence. Thic pmovides  application

developers and ugers with o mendous flexi-
bility for transparently awcessing s ftware
and data resources at remote locations on a
heterogencous network of computers.

The eomplimentary nature of GRASS's
Hexibility and X-Windows' network extens-
bility stiggests the value of 1 merge of the
two. By making the intoractive capabilities
ef 1RASS available for use throughout a
fully distnbuted  envimnment via  the
mechanism of X-Windows, some of the
goals of direct user access w geographic
information can begiu to be realized. This
merge, currently underway at, UC Berkeley's
Center for Environmental Design Research,
is being performed in the context of the
Kem Water Bank project of the California
Department of Waier Resources. The goal
of this particular effurt is to make a variety
of thematic layers available for analysis and
display at various DWR offices, capitalizing
on the rapid expansion of the State’s high-
speed data communications network.

SYSTEM DESIGN CONSIDERATIONS
An Qverview of GRASS

GRASS 18 a grid-based 1S for mainte-
nance, analvsis, and display of automated
map information. It includes facilities for
digitizing mape (in arc/node format), for

- b4 -

importing existing vector and raster data, for
performing  boolean overlay, weighted
modeling, tabulation and statistics, and
other analvses, for displaying and interacting
with graphic map information at a worksta-
tion, and for plotting and printing carto-
graphic products. It also includes a subsys-
tem for imagery analysis and integration of
image and map data. A complete descrip-
tion of GRASS capabilities is beyond the
scope of this paper, but a number of addi-

tional  publicaions deseribe it in great
detailCER L. 19874CERL. 1987b.

Aithough GRASS develspmient is centered at

CERL e Avmy Corps’ Consuucton
Engineering Research Laboratory:, the fact

that GRANS was onginally placed into the
public domair has meant that other sites
have made numerous extensions to the ori-
ginal svstem csee GRASSClppings, the quar-
terly new detter published by CERL .

Sace the focus of this paper is the
inwgration of GRASS and X-Windows, it is
important 1o uvnderstand  the  graphics
environment in which GRASS operates from
both a user's and a programmer’s perspec-
tive. For a user, various display utilities and
tools have been designed to provide a high
level of user interaction. The user can
display any ceil map on the xreen for over-
lav. multiple cell maps), overplot any
number of vector or DLG files, and manipu-
late the resulting image with a combinaticn
of mouse, keyboard, and program-driven
commands. For exarr “le. he or she can
change any or all the .  rs displayed. iden-
tify real-world coordinawes for locations on
the screen, query the attributes associated
with a point ¢r region in any thematic layer
in the database, zoom and pan. perform
lincar and areal measurcments, generate
label files, and correct or update a data layer.
In addition, within the imagery subsystem,
he or she can georeference imagery with
other map data, select training sites, and
perform various other display enhancement
functions. A fundamental design goal of the
GRASS-X-Windows merge project is to at a
minimum maintain all existing capabilities at
their existing level of performance, and to
enhance or extend thetn wherever possible.

> From a programmer's perspective,
GRASS code has been extensively modular-
ized in order to minimize the amount of




hardware dependent software. Wntten in ¢
for the UNIX¥ environment, most of GRASS
is essentially portable to a wide range of
hardware. The use of only a few device-
dependent routines thus means that the
entire syctem can be ported without major
effort w new platforms.! Isolation of
hardware-dependent code is accomplished
through the adoption of a process-drver
modelWestervelt et al., 1987 All GRASS
utilities that directly or indirectly relate to
the display arv written using general-purpose
display subroutines. These subroutines are
in tum represented in a sepatate library
crasterih and displayviib,  primarilyy . which
characterizes the generic digplay primitives
necessary to perform the desired cperation,
Finaily, i a:parate library defines the specific
svatem software hardware calls that will pro-
duce the graphic on the warkstation serocit
In configurationg, thos-
software’ handware  calls are kernel-baged.
such as SunCore and Masscomp GRS,

e

existing

At run-time, a bacsmount process
the GRASS ¢rrer- embodying the uansla-
gon ot the generic display primitives inw
the  hardware-dependent  syvstem cdls
started on the display device or within a
display window. Display processes com-
municate  directly with this driver via an
interprocess conununicatinn (I, channel,
generally fifo’s (System V. UNIX so-called
named pipesi or sockets « Berkeley UNIX net-
working' . The ratiorale for this seeming
complexity is that display tcols are identical
from machine w machine, and even on a
specific computer, they may connect at run-
time to various GRASS drivers Uf for exam-
ple a host was configured with multiple
display  monitors).  As  with  the user
environmeat, a primary goa of the GRASS
X-Windews merge to maintain the
efficiency of the existing model.

I
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The X-Windows Progranuning Envireniment
X Windows is a graphics and window-
ing svstem for high-resolution workstations.

FUNT s g trademark of Bell Labo rato nes

P Currently, GRASS runs on Sun, Masseomp,
and AT&T 312 computers, using the native grraph-
ws system for cach. Additional ports o Compag,
Macintosh, and  Apolio either  planned

are or

underwin

It provides a user environment for creating
and manipulating windows, using a keyboard
and a mouse to provide input to applications
software, and accessing multiple programs
and systems concurrently. Because of
numerous advantages to the system
developer and its fundamental device
independence, X-Windows is emerging as
the standard for window systemsHack,
1987. From a programmer’'s perspective,
X-Windows is a layered system allowing
applications to be constructed on top of
library subroutines and toolkit widgets,
without regard for the underlying system
operations.

At its most basic level, the X-Windows
environment is analogous to that of GRASS,
That is, utilities wishing to displav wext or
eraphics on a workstation screen communi-
cote these requests W a separate process that
iz confisured for a particular hardwere plat-
form. In the lexicon of X, these utilities are
called clients, and the hardware dependent
process is called the server. Client applica-
tions may exist on the same actual CPU as
the X =erver, or they may be running on
some other node on the network, that may
not even have the same hardware architec-
ture. X-Windows differs from other win-
dowing and graphics systems precisely
because of this reliance on a network
protocolScheiflerGettys, 1986.  All client-
server cemmunication is via simple, asyn-
chronous byte streams sent over standard
network protocols such as TCP/IP (Transport
Control Protocol/Internet Protocol) .

Because of this, all X clients are device
independent, sending instructions {defined
in Xliby via network or interprocess com-
munication to the X server on a local or
remote host specified by a unique name or
address. Servers run as continuous back-
ground processes on any addressable host,
listening for display requests and mediating
keyboard and mouse input. The servers
then are the only display dependent part of
X-Windows. For a user to use any X-based
application, anywhere on a network, he or
she needs only to ensure that the local
display (ie, the workstation he or she is
using) has a X server available and running.?

2 This is not an academic or theorotical diseus-

sion. At this wrting, workstations for which X s




Typical client applications include virtual
terminal emulators, Tektronix graphics emu-
lators, calendar and mail handling tools, text
editors, and so on. A number of clients are
designed to provide window/menu/button
interfaces to existing general and special
purpose applications packages.

A special case of client application is
the user's windoww manager. By explicit
design decision, X doez not enforee any pol-
icy about what the look-and-reel should be.
Instead, the windcw manager defines how a
user manipulates windows. and may provide
tools such as pop-ap menus, scrollbars, tides
and borders. and wcns. The window
manager must provide a mechapism for
taoving and cyveling through a hierarchy of
viadows, and 1 conjunction with the X
server it dead with requeszts from qpplica
dens for new windows, selecting grphics
adotext pasting from one window to
mwther, and rofreshing the ~creen after a
change. Of course, applicaions may have
their own vser interface niles thar differ
from each other and those of the windew
manager itself.  This remains one of the
thormer implementation issues for the X
leveloper?

f:y r

Tooliits are collections of routines
written using the native Xib subroutines
allow programrmers to easily include such
features {or “widgets’) as scrollbars,
menus. ttlebars and borders inte their appli-
cations. To an extent, these serve to create
a consistent leok-and-feel across multiple
applications, since at least these widgets look
and operate in the same way. They may
also provide more special-purpose capabili-
ties o the programmer, such as color table
handling, image and bitmap manipulation,
and event queue polling. At this time a
number of wolkits are available, including
the X Tuwolit from MIT. Camegie-Mellon's

avaniablbe and  commenty used  nclude Thgital

by upment MicmNax Sun Microsystems,
{Up ’ A

Hewlett-i'uckard, Apedlo, IBM RT, and others;

develepment s under way on a variety of micr, -
Virtually all workstation ven-
dors have committed to X-Windaws in some [orm.

computers as woell

“Thern are pow wome attempts W define a user
policy. including Sund A'T& s Open
[0k AT&T tAmerican Teiephone &  Telegraph
Tine, Hewlett-Puckard's New Wawe,

interface

Company
and others

AndreuwQguraNeuwirth., 1986, and others
Lee, 1988.
Integrating GRASS and X-Windows

The actual programming effort

involved in seemlessly integrating GRASS
ana X-Windows is necessarily a phased pro-
ject. Over time, X functionality will be
extended from simple display in a
networked environment to completely new
wols based on an X-Windows user interface.
At the same time, the existing tase of
GLASS databases and users also requires
that all modifications be fully upward com-
patible  with  cwrrent  implementations.
Moreover, (RASS procedures and dispiny
manipulation rust conunue to be avalable
on platforms odier than X workstations, {or
example ASCH termunals  associated  with
speclalized image subsvstemsa. This implies
the o tton of a parallel. raduw
reolacemeni, display and interface system.

R
[PRRE93

The inigal phase, which is largely com-
pie e e this writing, is the development of a
e w displav driver that communicates with
an X server on a host. This driver simply
takes the place of those that provide GRASS
digpiay using hardware-dependent graphics
software. At nm-time, the grass-X driver
wanglates the graphics requests, communi-
cated 1 1t via fifo's from display utilities,
into X-protocol syntax, and sends them to
the designated server via sockets or 1PC, In
this initial phase, there is no change to the
rasterlih which generates graphics requests
from display subroutines. To a user. there
is essentially no change from the existing
enviroriment- one window acts as a control
terminal and another acts as a display sur-
face.

The next phase will involve a more
complete integration of the two display
mechanisms. This essentially requires a new
version of rasterdlb that is written using
direet references to Xib graphics calls, rather
than to the device-independent subroutines
currently used. DBy eliminating the *‘middle-
man’~ GRASS driver, the rewritten library
should substantially increase graphics perfor-
mance over the initial model. Moreover,
the capabilities of this new “Xrasterlib” can
be tuned to the specific features of the X
server and rely on resources built into the
server, such as fonts (for rapid labeling) or




backing stores of bitmaps for interactive
real-time graphics overlay).

As preliminary work has progressed on
designing the new library, it has become
clear that the its functionality takes on the
characteristics of an X toolkit. As a special
purpose toolkit, it would provide the GRASS
programmer the building blocks necessiry to
implement display utilities, much as the
existing rustertb does now. In combination
with  general  purpose  toolkits,  Xresterdd
would facilitate entirely new ways of imple-
menting GRANS capabilities, inctuding multi-
ple display windows. more sophlusticated use
of pop-up menus, property sheets, and so
on,

New user imterface procedures will e
implemented in a subsequent development
phase, once the Nusterlib has been prover
mbust and relinble, Gradually, as GRASSY
becoine< more widely used and  nvadlable.
nsers ab vanous ftes witl be able to generite
ey own Nobased utiiities and tools, relying
on both wneral and special-purpsese toollats,

Of eritical concern in any deveiopment
progren is the design of a user interfuce s
tem that iz flexible, powerful, and intuitive.
For GRASS, also important is maintaning A
consistent interface across the overall user
envronment and particular applications. In
tandem, these restrictions may suggest the
eventual implementation of a complete col-
inction of toolkits that net only handle basic
display requirements but also provide varni-
ous widgets for the GRASS developer.
Ubviously the design and implementation of
user interface toolkits will require a substan-
tial commitment on the part of all GRASS
users to reach consensus as to the nature of
the best interface model. To some extent,
the overall user interface design may be
guided by various proposals being con-
dadercd by Open Software Foundation and
cther groups

THE GRASS-X PARADIGM
Moddds of X-based GIS

The use of a networked windowing
systemn, such as X-Windows, in conjunction
with any Interactive (IS package, provides
the application developer and  user with
several options for implementing a system.
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Such flexibility is ensured by X-Wirdows'
client-server model, in which every system
functions as a server with respect to certain
capabilities and a client with respect to oth-
ers. Thus a designated host can be a GRASS
(or other (:IS) applications server, a data-
base server, a cartographic display server, or
a server for any other desired purpose.

The first model of the GRASS-X imple-
mentation made possible by the work
described in the previous section is remote

operation with local X service. In this
model. all groprocessing and database

analvais 1g performed on a host other than
the usery  workstations: the workstation
handies only the actual on-screen displav
and nwuxe’kevboard Input. The remote
system supports both  the  application
software and the spatial’attribute data for
the GIS. The systemt may be optimized, in
tuirdveare and  software, w  perferm IS
aralysis more efficientlv, Software needs to
Le supported and possibly paid for onlv at
orie site. The hardware may be of a com-
pietely  different  architecture, using a
different operating system, than the X-server
workstation. Indeed the loca display system
mas be one of the new generation of X ter-
minals, that provide network-speed*® bit-
mapped displays for X-client applications,
hut with no other local processing, for costs
that have now dropped to below $1000 per
system.

Ironically. this model is analogous to
the older mainframe computer-graphics ter-
minal systems that workstations are begin-
ning to replace. In general, requiring one
computer to perform all geoprocessing func-
tions is less efficient than distributing that
processing, but this may be a valid model in
some circumstances. (For example, a broad
community of users may make occasional
use of GIS tools for simple queries or ana-
lvses, and even in their aggregate not over-
load a single GIS server.) Despite possible
inefficiencies, this model is still superior in
many respects to the mainframe-terminal
analog, since the local wnrkstations can still
provide windows into other seivers for other

1 For example, Ft hernet™ communication is at
a maxtmum rate of 10 megabits/second, with tvpi-
cal throughput of 1 to 3 meyrabits/second




applications, the comrnunication with other
systems is typically much faster than serial
terminals, and more display processing is
performed locally, offloading low-level
graphics operations from the primary GIS
host.

The second GRARS-X model comprises
a distnbuted GIS implementation. It com-
bines centralized (IS maintenance with local
geoprocessing operations. A user at a
workstation  transparently  accesses  data
residing on a remote host, performing any
analytical or display operations on the
workstation itself. Although invizible to he
user, the needed (data av  actusily
transferred at high speed acro=s the network
to the workstation where they are muanipu-
lated by software that resides locally tor pos
sitde on yet another host and transferred to
workstadon:. There are at least two
methods  of  implementing  the
nster of needed data and software: usnig
elatively jow-level operating svstem  pro-
cedures, such as the industry-standard Nes-
work File System (NI'S); or using intelligenit
data windowing or extraction techniques on
the remcte host. The first method s
currently being used successfully {or teach-
ing and research projects 2t CEDR. It
roquires the least effort w develop and
implement, but assumes that the remiote
data is directly manipulable within the local
software environment.

For more compiex siwations, the
sccond method shounld ultimately prove the
better =olution. User-generated requests for
data would automatically be reduected
the remote host's native data retrieval sub-
svstem. Appropriate spatial/ attribute infor-
maticn would be extracted on the remote
GIS server and effectively downloaded for
local analysis and displav. An extension to
this method could also facilitate lecal data-
base updates for uploading to the centralized
server. As an example of this approach, a
fully-supported GIS engine using ARC/nfo
for database development, maintenance, and
cartographic  production could  provide
guery-determined datafile subsets in DI.G
format to a GRASS-X workstation located in
a field office. There the user could perform
rapid, interactive analyses and displays on
the data without any further use of the
ARC Info server. Obviously, the systernatic

he

sohaca
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application of such technology is some time
off, but there is a growing recognition of the
need for sophisticated means for GIS data
and software sharing.

The third model for using GRASS-X is
a stand-alone mode. In this case, the X-
based workstation provides all data develop-
ment, analysis. display, and production
functionality. No external data, software, or
hardware is required. This model does not
offer the advantages of using remote sys-
tems. but the local GIS user has complete
control over the database once in place. A
stand-alone system is probably most applica-
ble for smaller jurisdictions or organizations
will well-defined  inissions for their geo-
graghic infornation.  With at least minimal
cetnnunicauons capability, such sites could
sill obtain dawsets from remote locations
on an as-necded basis,

The three models presented are con-
ceptuad ones: in fact, any real-world applica-
tion wouid almost certainly use some combr-
nadon of the three. Some database com-
ponents would be maintained locally, while
others would be downloaded from central-
ized systems, and still others would be
manipulated on an od hoc basis on a range
of distributed systems. The real value of
the GKASS-X paradigmm that has been out-
lined is in we ability to combine all three
models in creative ways driven by individual
user or organization requirements,

GRASS X Advantages and Disadvantages

Although many aspects of the distri-
buted models described dbove could be
implemented under a variety of 11S and net-
work systems, the specific features of both
GRASS and X-Windows offer unique advan-
tages to the systemn developer and user. In
some situation: these may be sufficient to
provide complete IS capability; in others
they may be used as a gateway into even
greater IS functionality and data. Again,
actual implementations will rely on a combi-
nation of these two modes.

GRASS has been designed from the
outset to work well in a workstation
environment, and thus is a logical vehicle
for entering a digtributed GIS. Especially
when a number of installations are contem-
plated, GRASS has the additional advantage
of being essentially free. This does imply




that organizations making a significant coms-
mitment w GRANS must also mamntain the
internal resources for installing and operat-
ing the software. Since GRASS is a very
developmental system, new capabilities are
added regularly and new subsystems must
be supported.

Compared to other systems, GIRASR IS
relatively easy to leam and use, and there-
fore can be used at remote sites without
extensive internal support. Note that uus
observation applies to the use of GRASS
softuare. It critical remember  that
intelligent use of GIS requires ophisticated
understanding of the reladonship: emeng
environmental features. of the natue of car
wgraphic representations of the land«.pe.
and of the explicit characteristics of the
spatial ‘atuibule database being used. Az
Nancy Tosta of the California Division ot
Forestry has observed (personal comniuni
cation -, UGS doss not suppoea naive ngers”
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Fasy o use softaree s h as GRASY some-

umes has the tndesised dde alfeet oF ona
bling inappropriate  use of comptex 1S
applicadons,

X Windows 1z analogovs to GRASS

both in terms of its workstation crientatinn
and itz public domam status, It ig availabie
on virtually all mgjor workstation platformus,
and is beginning to appear on smaller sys
tems as well. Since 1t 13 based on UNIX and
on approved communications standards, it
aiso lends itself to direct incorporation with
GRASS

since X-Windows provides both net-
work and windowing capabilities, it enables
GRASS X to operate in several modes simul-
taneously. That 1s, one dispiay window may
be showing a mup generated from a local
GRASS datafile,  while another represents
data on a remote systern.  Moreover, a
variety of remote network nodes may be
accessed at once thmugh different windows,
and in fact, a typical user session may casily
utilize resources held on ten or more com-
puters. Of course, these do not need to be
only GIs applicationg or data— many types of
tools, such as document processing, elec-
tronic mail, statistical analysis, and so forth,
may be accessed concurrently. The local X-
server handles the text, graphics, keyboard
input, mouse  manipulation, and  other
events automatically.

X is still a developmental system, and
has not stabilized to the point of some com-
mercial products. Although there is a com-
mitment to upward compatibility, the very
nature of its extensivility implies that some-
what divergent X environments will emerge.
At this writing a number of developers are
competing to establish common toolkits,
user interface designs, and programming
standards, so the future is not entirely clear.
Vendors are also attempting to optimize X-
servers, in particular, to their hardware
environment, and sometimes  hardware-
mdependence suffers as a result.

Future Resewenn Directions

Some  of  the major  avenues for
research are suggested in the preceding para-
graphs, including an examination of the fun-
damertal equirements for a flexible and
pov ful user interface and mechanisms for
dcthtating nwlligent retrieval of informa-
uen irom diverse data sources around a net-
work.  Rewarch is proceeding at Berkeley
and elsewher in numerous related domnains,
ut little effort bas been expended to date
on relating these 10 GIS in general or to
RASS or X-Windows in particular. Fields
¢t endeavor we hope to turn to in the future
aiclude:

Coordinate-Based . Query., Work
already underway to allow use of digital
maps as indices {0 a broad variety of infor-
mation. including imagery. landscape photo-
graphs, archival materials, published and
automated maps, etc. A logical extension of
this capability is to enable coordinate-based
query (ie., by pointing at a map location) of
G1S data layers that may exist at any defined
location within a network. Currently, a user
must have prior knowledge of what data are
available and where. Linking in an
automated index could increase by orders of
magnitude the volume and range of infor-
maticn effectively available at a site.

Integration with Hypermdia. Hypertext
and hypermedia tools allow intuitive link-
ages to be built between disparate data ele-
ments; cach element can be in a completely
different form, including maps, images, text,
spreadsheets, and so forth. Integrating
these tools with fundamental GIS capabilities
provides policy and decision makers with
significantly more power to browse through

is




geographic information and explore relation-
ships between environmental features.

Expert Systems. As the range of GIS

data becomes more distributed and as GIS
software becomes easier to use, more
sophisticated user agents will be required.
These wuser agents intelligently process
queries, identifying the GIS data most
appropriate to answering the question at
hand and performing the necessary analyses.
Expert systems technology is already in use
in other domains, but the transfer of that
technology to GIS is complicated by the very
complexity of geographic information.

Ohject-Oriented  Databases. Current
research in database management systems
{DBMY s focussing on object-oriented data-
bases. Object-orientation essentially defines
~very entitv in the database as an object,
mneempassing features such as dimension,
rmiation to other objects, hierarchical ascen-
dancy and descendancy, topical connections,
and so forth. Since geographic entities
almost by definition include all these charac-
teristics and more, they are a logical candi-
date for incorporation with object-oriented
BBMS.  Currently, work is underway on
linking postgres, and object-oriented succes-
sor to the ingres relational DBMS, o geo-
graphic information.

Though these future directions are not
necessarily tied to either (GRASS or X-
Windows, both systerns appear to be
appropriate vehicles for exploration. GRASS
source code is freely available to researchers
and can be modified without restriction; its
modularity also lends itself to advanced
work. X-Windows is also freely available,
and much of the work in the areas outlined
above is already based on X. By providing a
strong linkage between GRASS and X, we
hope to create a platform for examining
these and other options.

CONCLUSIONS

The open systems approach of GRASS
to 1S power, flexibility, and interactiveness
is well-matched to the network extensibility
and hardware-independence of X-Windows.
This  combination provides the GIS
developer and user with the ability to per-
forrn complex geographic analyses on any
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node on a data communications network
while displaying the results on a local works-
tation, to systematically extract information
from distributed databases and analyze and
display geographic information locally, and
to maintain and manipulate entire GIS appli-
cations in a stand-alone environment. The
combination also provides a useful platform
for research into new GIS technologies.
Together, the models for GRASS-X imple-
mentation and research constitute a new
paradigm for distributed Geographic Infor-
mation Systems.
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