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Chaptw 1

Introduction

1.1.~

The Geographic Resources Analysis Support System (GRASS) is a microcomputer
based image processing am geographic infonnation system (GIS) used to develop,
manipulate, analyze, am display geographical datasets, Initially developed by
researchers at USACERL's Environmental Division for environmental planners at
military inst:Jllations, GRASS is now used by a variety of public and private ageocies
and individuals to assess environmental impacts, evaluate site suitability, detect
change, mannge resources, am model the effects of environmental phenomena across a
landscape.

The system is currently fielded at several military installations am COIPS of Engireers
districts, divisions, and laborato ries, am has also been acquired by other federal am
nonfederd! organizations. As a result of several programs being implemented
throughout the Corps, Anny, and/or all sectors of the military, (e.g., Environmental
Management Analysis Program [EMAP], Lam Condition-Trend Analysis Program
[LCTA], Base Realignment), many installations will soon acquire GRASS.

While GRASS has many useful applications, its implementation is complex, am
presents many staffing, fuming, am logistical problems. This guide attempts to
address these issues. It is one of several mechanisms being developed to support
GRASS implementation; others include logistical mechanisms, support structures, and
other documentation

1.2. Objeetive

The objective of th is WOlR. is to identify procedures and issues relating to GRASS
implementation at user sites. Conditions may vary at each site. It is envisioned that
sites will use this document as a guide on which to base site-specific GIS
implementation plans.

1.3. Approach

GRASS implerrentation at other installatio ns was examined, as were written materials
describing the implementation of geographic information systems (GISs) and other
similar systems,

§1 Introdlrlion
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1.4. Srope

Irformation in this report is currentas of tOO last quarter in FY89.

- 2-

1.5. Mode cI Technology Tr-d1Htr

The infoIlIllllion in this report will aid tOO technical transfer of USACERL's GRASS
geographic infoIlIllllion am image processirg system GRASS is beiI:g transferred to
tOO field through tOO following treehanisms:~ programs, bards on experience, a
user supportcenter, newsletters, extensive documentmion, institutional slructmes at tOO
Anny am Intersgerey levels, connmmication networks, am other forums,

§lIlI!rolJldion
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ChaPa" 2

Overview of the InPanentatim Process GEtting Started with GRASS'GIS

Geogmphic Infonnati on System; (GISs) offer trerre rdo us potential to
improve plaming, evaluation, arxI monito~ am managerrent of Anny
lards, Anny iIEtallations are row implerrenting GIS techmJogy. This guide
will assist installation stsff to urxIerstarxl ani address Ire iSSL>eS associated
with Ire irrplerrentation process, Specifically, it exarnires Ire evaluation,
rejection, arxI Irquisition of necessary hanlware, as well as networlring issees,
software requirerrerus, data base corstnetion, application iSSUE's, user
trnining, staffing, arxI GIS support requirerrents.

2.1. Initiation of the mpmx.nt3tion Process

The process of GIS implementation on an installation can occur for any of several
reasons:

1) The technology may be part of some Anny-wide or MACOM-wide program,
such as Integrated Training Area Managene nt (ITAM) or Environmental
Management Analysis Program (EMAP) that is being implemented on-post

2) A proponent on Ire installation may learn about GIS technology am through
meetings, literature, etc., become an advocate for its use on-post

3) A regulatory or supporting organization may use GIS techmlogy to support or
evaluate post activities (e.g., development of data bases by Ire State Historic
Preservation Officer [SHFD], and Anny Environmental Hygiene Agency [AEHA] ,
etc.).
4) A rraj or action requiring the completion of an environmental impact
assessment (EA) may be contemplated on Ire installation; such actions might
include a change of mission, site selection for a maier new range complex,
selection of new landfill sites, and other actions. A MACOM, CO'llS District,
reviewing agency, or another, may suggest that GIS technology be used to
prepare the FA

However the process is initiated, Ire installati on should follow a series of logical steps
to ensure smooth ard cost-efficient implementation A GIS can be applied to many
lard-related issues, possibly resulting in large cost savings to installations. However,
GIS implementation may present its own costs ard issues related to staffJng, hardware,
construction and maintenance of datasets, interfacing Ire GIS with other software, ard
long-term data, hardware, software, ard system costs. Successful system
implementation therefore greatly depends upon proper planning, and upon the
existence of support structures, policy guidelines ard documentati on The development
and use of standard GIS implementation procedures am support structures will result
in rmre cost-effective am timely GIS implementation throughout 1he military.

Implementati on documentation ard logistical support will enable those woo are
considering acquisition to correctly estimate future costs and benefits associated with
system implementation Support structures will provide an ongoing mechanism
through which to address users' questions before ard after system acquisition Above

*2 Overview cI the IrnpI€mmfation Pl-oceR GeUing SIartOO with GRAffi'GIS
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all, such rrechanisms will allow sites to prepare themselves, before the system arrives,
for the implemmlBtion of a GIS. Implementationsteps are outlined below, arxl shown
graphically in Figure 2.l.

In Figure 2.1, ore scenario for GRASS GIS Implementation is outlined. Tasks are
divided into (1) those perfonned by the project sponsor (e.g., a MACOMJ, (2) those
done by the ORA&; implerreniatioti site (e.g., an installation or District), arxl (3) tasks
perforrred by a contractor (e.g., USACERL, a COlpS District, etc.). It is possible that
the GRASS irnplemmtation site rmy itself perform BOIre or all of the tasks shown in
Figure 2.1 as being dore by a contractor. However, it is likely thatat least BOIre tasks
will be contracted out.

Example Scemrlo
GRASS IMPLEMENI'ATION I'ROCFBS

RFS'Ol'SlBlLlTlFB OF
~'ONElJR

f 'urdiq; & Proposal Review
Selection of Iretallstiom

MonituriI\{ Process
Evaluotiq; Program

PHA'3E

rnEPARATION

RlN'OfoSlBlU7'[JoB OF
lMPlEMFNl'AlION SlTJo:

Aseignnent. of Irstallaticn roc
Creation of GIS lmpIerrenlnti on Co mmttee
Co stzBcre flt.Evelusticn of Applicaticra
Data RoquirerrenIH t'valuo1ion
HmdwarelSoftware Ccnrect iora
Hiriq; & Tminiq; ofGlSIITAM Personnel
Coon::lination with DOThf
Site Idertification of & Prepumtion for System
System Manogerrent Tminiq; (by verde n

RlN'OfoSll1lU7'fFB OF
COMflAC70RILAB

Project Scopiq; & Proposal
Dialoguewith Installation f()(;

DataRequirerreota
Fersonrel Needs
HanlwareiSofb.vare links

D::da Acquisition
DutaTmm1ation & Digitiziq;
Hardware Evaluation & Selection
Hardware Procurerrcra
Hardware Delivery to Corimctorllm
Iretalletion of Deta & Software
Configuration Training at Col"Itm::torlI.ab Site

INSrALlATION
Delivery of System to Iretallation
O~ite Training from ContmctorlLab

ONGOING
USE

Fruoll in Training Courses
Running Applicatiors
Ongoiq; Detn Updates & Maintenonc e
Oq;oiq; 8}otcm Support
Advanced Software Tmini~

FIgure 2.1

Oq;oiq; Support
Custom Applicatiom Prutolyping
New Sofbvere Reieescs

§2 Overview of the Implt1itid>itloo. ProaHl: G81ing Startnl willi GRAffi'GIS
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2.2. GIS CoordinaUr

'Tho first step toward GIS implementation lit a potential user site is Ire appointrrent of
a GIS Coordinator (Ire installation IDC in FIgure 2.1). Usually, this person will be
someone in Ire installation Enviromrental Division or Natural Resources brooch. This
individual should be familiar with environmental analysis. The GIS Coordinato r will
(a) gather infonnation, (b) educate potential users and coordinate plans for Ire GIS, (c)
develop an implementation plan specific to Ire installation, (d) address impacts
attributable to implementation, and finally (e) secure support for Ire plan.

Thi s position is critical to Ire evaluation of GIS techrology for an installation and to
Ire successful coordination and maintenance of this techrology both on and off Ire
installation The GIS Coordinato r should be a permanent. installation employee, with
adequate status am authority to accomplish these tasks, Ideally, this person will be
familiar with Ire organization ard procedures of Ire different elements on Ire
installation that may be potential GIS users-such as Ire land managers, master
planners, range managers, environmental planners, and trainers. (Refer to chapter §7
&iffing and Training Hequirerm nts [p.47J. for a IIDre detailed description of the GIS
Coordinator's tasks.)

2.3. lnforrmtion GatJxring

GIS Coordinators should first educate themselves about what GIS; can do, and then
identify potential GIS applications on their installations. (Chapter §4 GRA&3
Appliccuions (or Militnry Installcaions [p.23J of this guide examines several types of
applications cormrnnly perfonned using GISs.> Next, Ire Coordinato r should identify
Anny GIS and related policy and programs. Such programs affect acquisition,
furdi rg, and support for Ire GIS at Ire service and I'vIACOM levels. Logistical
support structures have been developed to address issues related to GIS development
policy , and to prormte Ire sharing of resources armng agencies using GIS. For
example, the Anny-GIS Steering Committee addresses overall GIS policy and
implementation issues for Army GIS users,

Uses of GIS by other sites, ircludirg (a) other Anny instal lations, and (b) neighboring
organizations, such as the local SCS office. Corps districts, nearby Forest Service units,
County planning offices, state offices, etc.• should then be identified. Finally, Ire GIS
Coo rdinator sho uld identify who, at Ire installation, is interested in GIS. This may
include stall' in range control, the environmental office. master planning, computer
science. fisheries and wildlife, archaeo logy, etc . The Coordinator should solicit input
from these individuals on what requirements a GIS should meet, and on what types of
GIS applications each office might perfo rm

2.4. Education and Coordination

The GIS Coordinator should also educate potential users and their supervisors about
GIS technology , and coordinate planning for Ire GIS. The Coordi nator should form an
Interim GIS Implementation Committee to guide the Coordinator in developing an

*2 Overview of the ImpJenvntation ProceR Getting SbIrtOO with GRASS'GIS
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Implementation Han for tbe installation, ani In educae dE committee rrerroers on tbe
implementation process ani its potential effects on row business is conducted. Trese
plans should be coordinated with implementntion of CAD, IFS-M ani other related
programs. The GIS Coordinator shJuld ensure that GIS data can be excbarged with
CAD,AMIFM ani other users as needed In support installation requirements, ani In
ensure that issues involvirg data staodards, ani the~, updating, ani owrership
of data are addressed ani coordinated arrong all users. The GIS Coordinator should
also provide input In Army GIS~ arxlJor Technical Advisory Groups, ani
participate in local and/or regional GIS user ani data~ groups.

2.5. Develop !ite-Specific bqio u sJtation Plan

The GIS Coordinators next task is In develop a GIS implementation plan which is
specific In that site, based on tbe model implementation plan prepared by USACERL's
Lam Analysis Group.

The Coordinator should first determine wbo the ectual GIS users will be ani what
hardware, data ani software are required In meet these users' reeds. Next, tbe
Coordinator should customize tbe model implenentation plan based on users' projected
requirements. The GIS Coordinatnr should then examire dE installation' s life cycle
costs ani projected benefits associated with this plan Cost/benefit ratios can be
calculated In prioritize projects, ani In assess the financial vieoility of different
methods of implementation, A standard methodology for performing a costbenefit
analysis for GIS implementation is outlined in Methndology for Performing Return­
On-Iniestneni (ROI) Sudies for Impletrenuuion. of GRA$ on Military Installations.)
The staff s plan should be sent through the installation GIS Implemcntntion Committee
ani Anny GIS~ Committee. The Coordinator should ensure that the plan is
coordinated with other GIS ani related activities, In minimize costs ani maximize
benefits.

2.6. .AdcJre;sI~

Staffing ani trnining reeds should then be addressed. GIS implementation involves
several types of tasks, whichcan be grouped intn a few "skill areas:"

• GIS Coordination
• GIS Analysis
• Data Managerrent
• CartngraphylDigitizing
• Systems Management
• Software Integration

1 Ben S1iwilll'ki <Reooan:h Associates, Urbana, ILl, Methooo.!'!lJl for Perfoming Return-On­
lnvestmmt ([WI) &udies for Inpletremauon of GRA1:S on Military Installations, Teclmical
Manuscript N-89125 (U.S. Arrrr:i Constnetion Thgiooering~h Leborao ry [U'SACERL],
May 1989>'

§2 Ova-view of the IrnpiEIlUIIation Prooo!K GeUing SIartal with GRMB'GIS
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The skills required to perform these necessary tasks may be provided by several, or as
few as two, persons on an installation How many irrlividuals perform the needed
tasks on any given installation will depend upon row well the areas of expertise held
by existing installation personnel mesh with GIS-related tasks, the ease with which
new personnel can be acquired, what specific GIS analyses the installation plans to
conduct, and other factors, Guidance on GIS staffing and training requirements can
COIre from the Army GIS Steering Committee, and other installations and Districts that
have already implemented GIS. These questions are addressed in further detail in
chapter §7 &rffing and Training Hequirerrenis IpA71.

Once a plan has been made, funding to cover at least initial, fixed implementrrtion
costs should be secured. F\rrrling strategies for acquisition of GRASS GIS hardware is
discussed in chapter §6 Evaluntion Criteria for GRASS Worr.swtion Selection. [pAl].

Once needed equipment and staff have been selec ted, needed space allocations and
improvements, and other environmental requirements (e.g., electrical power, equipment
temperature requirements) must be supplied. It is useful at this point to develop a
tirrelire for performing tasks associated with implerrentation A contractor may be
used to estimate such requirements; acquire needed data; evaluate, select, procure and
deliver hardware; install data and software on equipment; and provide initial and
ongoing system and user training and software support to staff at the GRASS
implementation site.

2.7. Secure Support for the Plan

Support for the implementation plan should be secured from the installation, and from
MACOM and Army-level GIS Committees. Implementatio n support should include
commitments of staff, funding, and needed support requirements. DalBbases, software,
and hardware will also require ongoing maintenance and updates. Implementation
support should include securing DA and MACOM level policy guidance,
administrative support and funding programs for GIS.

*2 Overview of the Implffi1ffitation Process Getting smrtOO with GRA$'GIS
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Chaptw 3

Guidmnes in Cmstrocting a GRAS3 GIS Datahffie

After an installation has decided to establish a GRASS \\Url<staiion, one
crucial step in cnsuri~ SlJ:ceeful aiaptalion of 1M syslPm is 1M
developrrera of a useful am relevant geographic databffie. This chapter will
belp district-level am install ation perronrel make infonrod decisions about
1M planning, buildirg, am rmiIJl:enaree of aeh databases

·9·

3.1. Introduction

This chapter outlines GRASS database development, which involves the planning,
buildirg, am maintenaoce of geographic damsels. Developrrent can be broken down
into four stages: (l) planning, (2) data collec tion am map preparati on, (3) installation
of map data into GRAss, am (4) augrrenting am altering existing data Primarily,
this text discusses the first of these stages, plarming. The problems am issues raised
here are discussed in detail in the papers Cartographic Issues in Database
Decelopnem) am Map Preparation;2 available upon request from the GRASS
W onnation Center at USACERL.

3.2. Initiating a Datab:l'lC

A database is a collection of map layers on various themes for the sarre geographic
location Several issues must be resolved when initiating development of a database.

It is first necessary to decide which layers are needed in the database, am then to
decide what spatial resolution is necessary to make the data useful. A determination is
then male as to which of the desired map layers are available in digital or rondigital
formats, at the desired level of detail . If the infonnation is currently unavaileole (or
requires modification), the possibility of creating (or modifying) the desired map layer
is investigated. Finally, for each map layer, the number of catego ry types to be
depicted (what level of detail will be represented) is decided upon All of these
decisions will depend on the applications for which a map layer is to be used.

3.3. Map Layers

Preparation am input to the GIS of a single map layer can be quite costly. The needs
of an installation should be assessed carefully before development of a database is
begun Specifically, those map layers necessary for future GRASS applications should
be listed am prioritized before data is scquired. Chapter §4 GJMg3 Applications for

1 Marilyn Ruiz, Cartographic Issues in Database Deielopneru, Technical Manuscript N­
89/24 (USACERL, SepteniJer 19881.

2 illan Messersmth, Map Preparation, in GRACE User's Reference Manual , by .lJrres
Westervelt, Michael Shapiro, William D. Goran, et al., ADP Report N-87t22 (U3ACERL,
Sspterroer 19881.

§:l Guidelines in CaBnrting a GRMS GIS Dambase
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Military Installations [P. 231 describes sorre GRASS applications am theirutility.

&l1OO map layers, like those of tre installation boundary, training ereas, hydrography,
am soils, are fairly standard, Often, severn! a:lditional map layers can be derived from
ore or rmre originallayer(s). For example, in GRASS, slope am aspect layers can
both be (automatically) derived from an elevation map; similarly, map layers of soil
pH am soil erodibili ty can be (manually) reclassed from a soils type map layer. A
li~ of standard map layers is shown in Table 3.1. 'TIE octual selection of map
layer topics should be installation-specific. Even with a good set of basic map data,
rmst rew applications will also require development of ore or rmre rew, special
layens) (which may be based on recent field work or other datal. However, plannirg
can decrease unrecessary data development costs.

Staodurd Map L8;lml1'<r Mffihn., Do........

AJmedtuml oweeees MIIDoUv of lU!rieult>Jaloullesse '""'" ard infonmtion

AirQwli\Y Air QuW\Y CoJ1roI R."ion (AQCR,) mIiI¥:o
Croe Frodl.£tionValue Cree rmdtrtion value for 81D'icultuml BId lZnI:liM oizleescs

Cro...co""", Mancuvembi1ity Suitnbility of lazd for con:Jucti~ rrilitwy rrerewera

CulWmI Resource Situ; LDcatioIfl of ercbeeclogicel, historicalsitu!

Cultural Resource Surrew Location of~ 8Ul'\'c)1XI for ercbseologicel, historical sites

Denh to Bedrock o.tth to bedrock
f~rm Location of~rt types

Hevat ion Moooim of elevation levels (from which 81000 wvJ moect.can be derived)

FireDarmze Index of _tion~ from fire

Forest M81'lt2cm'nl. Uniho Maooinl o f lirrtler tvtes Old oOOu:tion for otaleese value, etc.

Geolo"" Map smw"" """lo lO' types

HabitatVslWIVt>c Habitat tvres and tJrir vuh.L~ for various !:It>..lCiCtl

fu",u.: Stock Data MlIppiq{ of dala detenbing ~e ard co rdi tion of mtBi~ stock

Hvdroeraohv Deeiction of strearm, waterways, etc.

Irstalletion Boundaries Delireetion of imta1lation b ourdaries

Mester 1'Iaminlt Inle>es Msnoinr of erees covered bv 01<>'" indexee ard HOO rmce

NoiseCortows Map~ of mise coraours for imtallation ani 8unourd~ 8reU!t

Ow rershin Imn ownmonp """,elR

Ibliticel Bowderies Mapp"" of area political jurisdietio...
Ies ru:;:;S ard DMA) Outlinin< of!<tanlwd lS(',s 1:24.000 or DMA I :W.lXX}, ImP Qwd""",1...

IleclrntionW Sites Msooine of self courses, fishirsrereee• .-c.
Restricted Areas Dclireeticn of areas with restricted llCCCR'i on irstallation

Service B ourderics Dclireenon of boundaries for locel water. electrical, seweee services, etc.

Scciocccmrrac Dum Mtlpp~ of such data us population deraity, sex ratios, birth rates , irc orre. crirre rates, etc.

Soil, 1'""'" M8P~ o f soils wpes ecross an iretallenou

Soil Erosion Factors MbDOUw of arms bv soil erosion fectoes
Tow...hiplllw"", find Ilelinwtion of towrehip ard """" grid bourdarics

Tminim- A rees Ml1PpitJ;( of iDrtallation tminina! urea bourdaries

'I'rnmoortntion MODO.lnl of tmmoortation woes and locenore

Utilities l.ocation of locsI utili\Y lires, I.nlncbffi,lind slotio...

Vceetation Mapp"" of ~onllardcovertvtes ard <JUs!ities

WcutJrr Data Map"",, of weetber data (e.g., rainfall, wind direction ard s peed,etc.)

Wctlard.s MapPiJR of wet1nrd location! and tvPc8aero,*, imtal.lation

Wildlife lnveraories hM:n1nry ard locatio... of inDorlant wildlife sitinmJ

Wildlife MSlln!!e=nl Units Delireetion of wildlife _ =nl units

Table 3.1: StarxIard Map~ fir Militmy Datahaoffi

§3 Guidliines in~ a G~ GIS Dambase
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3.4. Map Scale and Map~ Redutim

In addition to choosirg Imp layer topics, Ire installationmust consider Ire selection of
Ire appropriate scale for Ire Imp from which infonmtion will be taken wren Ire Imp

layer is input to Ire GRASS database, This is closely tied to Ire question of Imp

resolution In GRASS, raster Imp layer data are stored in a grid, made up of tiny
rectargles (cells).3 Eech cell in Ire grid represents an area on Ire Earth The size of
these cells, and correspordiogly, Ire actual area on Ire Earth which they represent, is
determined by Ire resolution4 chosen for a Imp layer, A Imp which has mrth-south
and east-west cell resolutions of 50 rreters, for example, is a Imp layer in which each
cell contains a value which represents a 50 X 50 neter square on Ire Earth SIre a
larger scale Imp contains IOOre infonnation for a given place on Ire Earth than does a
smaller scale Imp, it is appropriate to choose a correspordirg cell size which
represents a smaller piece of Ire Earth (in greater detail) for a larger scale Imp, and
vice versa

FIgures 3.Hal and 3.Hb) illustrate Ire storage of data at two different resolutions, for
Ire sarre geographic area. In FIgure 3.Hal, each rectargular cell represents a 2o-mlter
X 2o-Jreter area on Ire Earth In FIgure 3.1(b), each cell represents a lOO-mlter X
l OO-Jreter area on Ire Earth. Because, for a given Imp layer, each rectangularcell can
contain only ore data value (i.e., only ore cell "category"), IOOre cells means more
data (and berce IOOre detail) over Ire same dataset, FIgure 3.Hal contains 25 times
Ire mnroer of cells (and therefore 25 times Ire I1l1llDer of cell category data values) as
appear in FIgure 3.1(b). FIgure 3.Hal therefore contains 25 times IOOre detail than
FIgure 3.Hb).

Figure 3. 1(n): 2().. ml"wro-JI rescluticn
( 100 (...lls within n 40 ,000 !>qunre metl-rwWl)

ngun, 3.l(b): 1()(l·""'ter cell nJloIu1im
( .. cells within n 40.000 !>cp.18remeter Iin:'Ia)

3 Altmugh maps are input to GRASS in teeter (arc-rode) fonnal, roost are !lEn internally
converted to raster (grid cell) format for storage and analysis. Map 1l\}<l1'S (in raster format)
are comronly referred to as cell files or grid cell files. See chapter §5 An lniroduition fJJ
GRA"l3GISS:>fiunre [p.33J for a discussion of raster and vector data formats.

• Rerolution is expres;'€d in a counterintuitive way. High resolution denotes greater detail,
but is expressed by small nurrilers. Conversely, low resolution demtss low levels of detail,
but is exp-essed by high nurrilers. Fbr example, 1Q-rreter rerolution data is of high,r
rerolution (and will slow rmre detail) than l()().rreter resolution data (which will showl ess
detail ), Ten-rreter resolution data is capable of smwing 100 tirres as nu:h detail !IS is soown
by l()().rreter rerolution data

§3 Gu <!8ines in~ aG~ GIS Databae
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3.5. Variable> in~~ Scale, am Reiolutim

The decision that installation personnel IID.JSt make is thus twofold. First, trey must
cboose ImP~ topics. Secord, trey must select a IDlP scale and a cell mdutim
appropriate for that map layer. Some of tbe varieoles to consider when makir:g these
decisions are examired below.

Three importantissues arise when cboosirg tre resolution of a cell map. One involves
tbe technical capabdities of the computer on which GRASS will be run. GRASS cell
files can be quite large, and tre higher tbe cell resolution, tbe larger tre cell file will
be. This means that the physical size of tre dataset, and tre distribution of data across
tre dataset, will also affect tre choice of cell resolution A dataset requiring the limits
of the machine' s capeoilities may be very cunf>ersome, ard tediously slow to work
with

Resolution will also deperd on the use to uhich. the data uill be put. If the user is
interested in examining only gross lardcover charges over time across a large dataset,
for example, low cell resolution may be desirable, If, however, tre user intends to
manege very sma1l, sensitive islands of habitat, aod to chart correlations in species
change with minor alterations of variables, it may be necessary to map data at a
relatively high resolution When data will be used in a mnroer of applications
requiring different resolutions, data should be obtained at the highest needed
resolution, aod resampled to any necessary lower (rmre gross) resolutions . Another
alternative is to store data at a low resolution for a large area (e.g., the entire
installation), but to develop aod store "windows" of high resolution data (e.g.,
endangered species' habitat areas) for specific regions.

A third issue centers on the question of the source of digital geographic data. The
relevance of this issue can be examined using the example of satellite imagery. With
imagery dam, the resolution of the cell map should be the same as tbe spatial
resolution of the original data This resolution is what is possible given the satellites'
technical capehilities; outside of resampling to limit the size of tbe final cell map, little
would be gained by cboosirg something other than the original resolution when
making the GIS cell map. Note that in this case data are recorded directly from the
Earth. Although there is virtually m limitation to the detail that is present in features
on the Earth, each satellite sensor is limited to a set resolution (e.g., 10 ard 20 meters
for SIDT, 30 meters for LANDSAT and TMl. The GIS user must accept the limit
imposed by the original imagery pixel size, or use alternative data sources (e.g., low
altitude aircraft images).

This can be contrasted with creation of a cell map from a digital version of an existing
paper map. The first terrlency might be to use a very high resolution in order to have
as much "detail" as possible. There is theoretically m limitation in the resolution
choice, since GRASS can create grid cells of virtually any size.

But at this point, the level of detail represented by tbe original map must be
considered. A map is only a JIIXI8 of the Earth. Since a map's scale is related to its
level of detail, maps which are at a relatively large scale may be safely represented by
relatively high resolution cell maps; maps drown at relatively small scales are safely
represented by relatively low resolution cell maps.

§3 Gui<lffinl>s in C<nmrfu1g a GRAhS GIS DatBba-e
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The question of cell resolution in this case might be managed by using Table 3.2. The
suggested resolutions below are based on the assumption that a paper map may be
safely "resolved" to a level of between .75 mm am 1.5 mm on the map, for maps of
rroderate scale. That is, as measured on the original paper map, an area of about one
square millimeter would be included as a single cell in a cell map. These ranges of
resolution are not a requirement. They have been determined, for the rrost part,
through experience. In addition, some studies have shown that standard Arrerican map
production techniques can be expected to result in maps that are accurate to roout one
millimeter.

The values in Toole 3.2 were arrived at in the following way. Given a map with a
scale of 1:24,000, a distance of .75 mm (the lower lever given above) on the map
would represent 18 meters on the Earth (.75 X 24,000 = 18,000 mm). The value of 18
meters is rounded up to 20 for the triJle below. The cell resolution might thus be set
at 20 meters.

Note that the resultant resolutions (in meters) will vary depending on the map scale.
This is unlike the suggested level of .75 mm to 1.5 mm, which is constant for all
maps.

Mao Scale &001ution Ranze
1:15840 10-25 rreters
1:20 ()()() 1f>.30 rrelPrs
1:24 ()()() 20-35 rreters
1:31.680 25-50 rreters
1:50 ()()() 40-75 rreters

1:63 360 50-95 rreters
1:75 ()()() 5f>.110 rreters
1:100 ()()() 7f>.150 rreters

Table 3.2: ~>(5Ial Range of RcsoIutiom for Connmn Map Seales

TIle cuxulabiluy of the original daia is another variable to consider. Whenever
possibl e, data sbould be obtained in digital format, Paper maps come from many
sources, although only a few agencies provide standardized maps of huge areas. The
Soil Conservation Service (OCS) am the United States Geological Survey (USGS) are
two sources of large scale maps of good quality . Sources of digital am mrdigital
data commonly used in GISs are listed in Tables 3.3 urd 3.4. The cost of gathering
original data and producing a map is so great that, in most cases, the installation is
advised to lL"C available maps. Two exceptions arise where: (l) a standard map in a
seri es has not yet been produced for all or part of an installation, or, (2) an installation
already has access to sorre data of special interest In the first case, arrangements can
often be m erle to share map production costs with the agency responsible for the
series. In the second, the instal lation may have been systematically collecting data on
sorre topic and this data might become a useful map layer in the GIS.

§3 Guidelinl'S in ConsUu:ting a GRMS GIS Databage
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Data Sourceo for Cartn....ohic Information

Map Data Source
T~ DMA txJSAT EPA NCD C NGDC NGIC NODC NTIS ORNL OCS sror USOC U93S

Agricultural
X X X X X X X X XOUUc8fte8

Air Quality X
Crop Production X X X X X X X X
Cro88-Country

X X X X X X X XManeuverobilitv
Cultural Ran:

X X X X X X X
SurvcYR. Sites

Depth to
X

Bedrock
ElIz;lcmenlf' X
Eleveteon

Ene"", U....., X
t'in: DamlJllO X X X X X X X X

Forestrv MJmlt X X X X X X X
Gcolom- X
Habitat

X X X X X X X XValue/Type

Ho usin. Data X X
Hydro"",phy X X X X X X X X X
InlltAl18.tion

X XIloundaries
M Mter Plan

Indexes

Nose Contours X
Ownc ..hip X X

Political
XDoundarlel'

Quad ",og\ca X
Recreation

X X X X X X
Sites

Restricted A reaa X
Service Boundaries

Socioeconomic
X X

Dota

Soil. Type. X X
Soil Eroaion X

Fectors

Tw'" Rature G rid X X X
Traininz Arc8.R X
Transoo rtetio n X X X X X X X

UL&litic8
Vf"~b.tion X X X X X X X

Weathe r Data. X
WetJn.ndll X X X X X X X X
Wildlife

X X X X X X X X X
Inv entories

Wild life MJmlt X X X X X X X X X

Table 3.3: Data Souroo!t fir CartxJgraphlc Infonnatlm
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So urces o f Dit.rit.al Stmual Dete ror GI~

Ibln l)nLn nula Henlel DoLo Media Aotu i.'1ilton
TVA' Source FunnuL ItcHolutinn Co vornec ('n ~t~

Elevation DMA Raster 1:2S0.0<Xl t;ntirc U.S. 9-t.rucklnpc $7SII dcg x 1 de~ block
& much cL..c (1600 bpj) + $25 fcc

M ultispcctml: EOSAT MHS (1111, & R'Q) MHS: 00 m Worldwide 9-truck tape MHS: $fi6ll
Satellite TM {IIIL & Il'Q) T M: ~O m (16001 6261l) TM full scen e: saaoo

IlIlY (SI-Q) SI-Q: 00 m HBV 4 s ubscc ncs : $1:120

Mult ispectral : t;PA MHS(lln ,) Customer- Custo me r- C us to m OightH .'>- m : $ 75 .84/Hq.m i. uvr. .
Airborne variable variab le to-m: $14.15/Hq.mi. 8 V r..

Vl'nthcr Stn~ttel Na~ C limal' ni J..olLnI : Tubu lar VaricH Mo.uy U.S . ~lruck tape $99 minimum/order
& Irmurcrv Dute Ce nter Sctclhtc : Raste r ~mc GlobuV HcJ!1 (16001b,6Il) for L1('l.' dat a

Terrestrial Neti oncl Varies VwiCfl MosUy wldwide , 9-trock tape. Vanes
& Mnnnl' r.co phyaicel So me U.S. coastal co m pute r p'o ,

Gl.'flphy.'l l Datn DliLn Center waters date o r plots

Geodetic Neuorml Tebulur nla Enti re U.S. Co m pute r plo, $nVI-:. lfiO-$200/ l'llal c o n
(' II ntr...I Geodeti c Tupc, 9-lnll'k lup!,' (co mputcr

Informul.ion Info . C,,·nh.'r o r Direct. OCl· ""N..~ print...outs I. ·:-l..~)

Mnrim' : Notinn ul Mo~U.v Tabular Mostly Regional, 1)9-tn lck ta pe 1)$Ji.')-$I00 min imum
I'h.'~K-J:11. Oceano- Sec NOnC Index) nla & Much G lobal 2 )Co m pulc r plo )$.05/~h,'Ct ... co rnp fcc

l ~o ~ .~L graphic Data 3)Co mpulcr plots ~)$20Ih. + $:IOlm li
& C he m ical nnw. Ce nte r (o r $lIplot)

Duln • $:1-$10 fee

Smlli l-Sr,'nlc NnlNlnlll Vector 1:12,OfMl.nOO Worldw ide 9-t.nlCk Jo'n.'" frum C IA to
Wo rld T" chn K-lll 1::l .OllO,U W) H-;UO bpi "·eden.1 AI'·II('i,· ~.

' L- IUnd llrW!( . lnfo rm utio n ond Iu I'J.,~r od d purity t:ns chu ",..,.. o thc l"'l'l
M n~ )r Rivers S crv jcc t;ICllliC tape

County-Level Oak Ridge Ta bula....- Co u nty- Level Cote rmino us 9-trnck tape Unknown
Data Netio nal SA.S Format U.s. in SA.S fonnet, or

Lab ~;Ilcm IC I"" c fib
Soil Rester encode d Vcctor: l :24,000 Sceucred U.S . 9-tmck tape Varies

S> i~ '::o n~rvutio n D.<i MCi i w,<ilcr:4-hn cclb (1lOO bpi)
Sc rvit't-·

Mul( i"'p ~clrnJ : SIU!' Rester lO-m panc hr u. Wo rldwide !HnJ("k lJlf:t.· Un",C $147:;'$ 1f~ Kl

Sa tellite Image Co re. 20- m muILL"'D. lliOOl6'lljO bpi Gco re fr $24:!.S-$2S6Il

WoLcr <lual ily EPA Tabular nla . 2(lO,OllO Di rect te rminal Free o ne -time use , o r
(STOIU:n co llectio n plintll uccess, Reports. Avg U~ Coste $.1-$6

ucrosr... U .s. o r MOl:nct.ic tare

l'ol iticlJI/Ccn.... tu... U.S Bureau I){;)WIIlIM ~;, MOfll.ly 27R SM~" 1)11iOO16250 bp i l)Vnric~

ltound urics . o f t he Vccter-lat/Jo n . 1:24. <XlO tllp"~

Sln·ct."! , N ames Census & ~.uLc l"Iunc-rc fd 2)6:!.SO bpi . & CO 2)N ot yet set
2)TI(; Ell : POCkN pnl pose d

v eclur-urM refd

To P"'IOJ:tenl: U~S Vec to r; (in Vecto r: See NCIC Index 9-l rnck tapel' , & Landcover: $1f}()
l.and U~I G lHAS fo rmat) 1:1<Xl.IKIll. Paper ma ps CT" $:;0 , CTG : $2:;0

Lend Cover, Iln,qlc r: ( in binary 1,:!.~O. llOll Pul.llndry.. ,Hydro Unit.",
Watershed s & chllrdc. fOnT\LIL) Rester: 200 m & Federal L ands: $.1.')

Top.1oh.-)cnl : US- i S Vecto I'" f111.·Hin I) L24 .0lKl. 1&2) l"' rt • •1u.s 9- lruck tnpes , 1&2): $2IJ.$6/lI...,clion
1L- lllndRril.·~ & DLG former 2) 1,100.OlKl. ACe NC Ir. lnd e x) Iuper maPA

T nl ll.<iportat.io n ~) I :2.<XlO.Om :J) ":ntin.~ u.s :n: $1nnlHI'clio n
+ $:!.Slta",. fL'C

Elevlllion U~S RLL~ter 1:24,000 Sea~I'L'<l U.S. 9-lrnck Ulpc , $1<Xllquad
I"'pe. mal'" + $:!.Vta pe fee

Nume !' of: U~S Tabular nla Entire U.S. 9-t-ruck tnpc, $SO/atate

ArcIL" & M llpl 1600 bp i

Table 3.4: Sourre!I of Dicltal Spatial Data fir GISs
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Potential applicadons of Ire data is also a recessary considerntion How will
installationpersonnel make use of Ire system orne it is operating? Altbough Ire ideal
system might contain all possible infonnation at as large a scale (and as high a
resolution) as possible in order to be later used for any desired application, it is better,
in a practical sense, to startwith only those overlays recessary to complete ore or two
applications. Other layers .can be added as the instal.lation moves abesd in its use of
Ire system wren considering possible applications of the GIs, the installation might
usefully assess current practices to examire row these might be dore more efficiently
using a geographic infonnation system The kird of~ done, Ire local vegetation
and climate, and any special problems at the instal.lation make the reeds of eech
installation unique. Consultation with GRASS GIS support personnel will be helpful
in assessing these reeds. Refer to chapter §4 GRA&3 Applicalions (or Military
Installations [p.23] for a more thorough discussion of potential GRASS applications.

The letel of detail to include on the map is another element to consider. If locations
of vegetation are sought. but the nature of the vegetation is innnaterial to Ire
application, a map layer might be developed which classified all data into ore of two
categories - iegeuuion; and roraegetation: If, however, the application will be used to
evaluate which areas on Ire installation can be outleased for timber cutting, a map
layer distinguishing different vegetation types would be developed.

The size of the installation. can also have a bearing on Ire choice of map scale.
Harduare limitations may not allow easy storage and display of vel)' detailed data for
a vel)' large area Table 3.5 lists file sizes for 1:24,000 USGS quad sbeets, for various
resolutions. PerlJaps only ore or two areas of special interest require data at Ire larger
scale.

Approximate Cell File Sizes for One J.I24 000 USGS e
Remlution Rows Columns (rows) • (cols) (rows) • (cols) (rows) • (cols) (rows) • (cols)

(rreters) • (I boc) • (2 boc) • 13 boc) • (4 bee)
10m 1386 1164 1613304 322S608 4839912 6453216

20m 693 582 403326 806652 l209978 1613304
30 m 462 388 179256 358512 537768 717024

40m 346 291 100S:l2 201663 302494 403326
50m 277 233 64532 129064 193596 258129
60m 231 194 44814 89628 134442 179256
70 m 198 166 32925 65849 98774 131698
BOrn 173 146 25208 50416 75624 100832
90m 154 129 19917 39835 59752 79669

100 m 139 116 16133 32266 48399 64532

&iff titre and cost are other factors that infiueoce construction of a dalBbase. Table
3.6 shows estimated labor requirements associated with Ire development of cormnon
map layers. It states approximate roUTS of labor required (for ore 1:24,000 USGS
quadrangle): to prepare, draft, and label a map previous to digitizing or scanning it; to

§3 Guiddines in ComIructing a GRASS GIS Databale
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HOlIDl o f Labor Required for One 1:24 ,000 UffiS Quadranlde

Draft/LabeIM Digit/Label

MaoT""" Feature 3.aJ1-Uoo Low Moo Hizh Low Med HiJZh Suooort° Tota!

Agricultural Area a 2 6 15 2 6 15 a
Outleeses Line

Point

A rea a 2 6 15 2 6 15 a
Air Quality Line a 2 6 15 2 6 15 a

Point a 1 a 5 3
Crop Production Area a 2 6 15 2 6 15 a
Values Line

Fbint

C ross-Co untry Area a 2 6 15 2 6 15 a
Maneuverability Line

Point

Cultu ral Rare A rea a 2 6 15 2 6 15 a
Sites Line

Point a 1 a 5 a
Cultural Rare Area a 2 6 15 2 6 15 a
Surveys Line

Point

Depth to Area a a
Bedrock Line

Point
A rea a 2 6 15 2 6 15 a

Easements Line a 2 6 15 2 6 15 a
Point

Area a 2 6 15 2 6 15 a
Energy U~ Line

Point

Are a a 2 6 15 2 6 15 a
Fire Damage Line

Point

Fo res try Area a 2 6 15 2 6 15 a
Management Line

Point

Area 3 2 6 15 2 6 15 a
Geology Line

Point

Habitat A rea a 2 6 15 2 6 15 a
Value/Type Line

Point

Hou...ing !-\ock Area a 2 6 15 2 6 15 a
Basemnps Line

Poin t

Ho usi ng &.ock Area a a
Reclasses Line

Poin t

Table 3.6: Hoers of Laber Required foc One 1:24,000 USGS Quadrangle
(digitized in stream male)

§3 GUdBines in~ a GRAS; GIS lPattal:a1_
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Hours of Laber Rec uired for One 1:24,000 =S

DraIlIlAbel" Digit/lAbel
MaoT~ Feature Slart,.Uo· Low M.d HUlb Low Mad Hizb Su~'" Total

Area a 2 6 15 2 6 15 a
Hydrography Lin. a 2 6 15 2 6 15 a

Point a 1 a 5 a
Installation Area a 1 1 a
Boundariee Lin.

Point
Master Planning Area a 2 6 2 6 a
Indexes Lin.

Point
Area a 2 6 15 2 6 15 a

No iee Co nto urs Lin. a 2 6 15 2 6 15 a
Point
Area a 2 6 15 2 6 15 a

Ownership Line

R>int
Pesticide Area a 2 6 15 2 6 15 a
Application Values Line

Point a 1 a 5 3

Political Area 3 2 6 15 2 6 15 3

Boundaries Line
Point
Are. 3 1 a

Quadrangles Lin.
Point

Recreation Are. a 2 6 15 2 6 15 3

Areas Line 3 2 6 15 2 6 15 3

Point
Area a 2 6 2 6 3

Restricted Area... Lin.
Point

Area 3 2 6 15 2 6 15 3
Service Boundaries Line

Poi nt

Socioeco nom ic Are a 3 2 6 15 2 6 15 3
Variable Bcse map Line

Point
Socioeconomic Area a 3
Variable Reclesses Line

Point
Area 3 6 10 20 2 6 15 3

Soils Types '" Line
Point

Soil Erosion Are. 3 a
Factors Line

Point

Table 3.6: HI1ml of LaIxr Requi red fir One 1:24,000 USGS Quadrangle
(digitized in stream mode)

§3 Guidelines in~ a GRASS GIS })ala!_
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Hours of Labo r Required for One 1:24.000 UffiS Quadr8.llj(1e
Draft/ Labe l" Digit.Il."heI

Moo Tvoc Feature ~u". Low Med H;.h Low Med H;oh SUDoort" Total

Township! Area 3 3 4 3
Rang. Grid Line

Point

A re. :I 2 6 2 6 3
Training Areas Line

Point
Are.

Transporteticn Line 3 2 6 15 2 6 15 3
Point

Are.

Utilities Line 3 2 6 15 2 6 15 3

Point
Are. :I 2 6 15 2 6 15 3

Vegetation Line

Point
Weat her Area :I 2 6 15 2 6 15 3

Co nto urs Line
t ro lveonsj Point
Weather Are. 3 3
Reclesscs Line

Point

Are . 3 2 6 15 2 6 15 3
Wetlands Line

Point
Wildlife Are.

Inventories Line
Point :l I :I 5 3

Wildlife Area 3 2 6 15 2 6 15 3

Mgmt Units Line

Point

Table 3.6: HI1I1'S of LaIxr Required for One 1:24.000 USGS Quadrangle
(digitized in stream mode)

• In general. the hours alloted above for maplayer Start-Up and Support activities
will ofte n be sufficient to cover all quadrangles in the database. For example,
although an individual might spend 3 hours on start-up and 3 hours running map
support for one 1:24.000 quad depicting geology, that individual would spend only 8

total of 3 hours for start- up and 3 hours running map support when doing five
1:24,000 quads depicting geology.

"" Hours alloted for drafting and labeling soils maps reflect time used to align soil
survey map sheets and to georeference photo graphs .

§3 Gt:i.ddinelin Constnrting a GRME GIS J)aIIDa.e
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digitize , ard attoch data category 10000s; arxl to nm GRASS support programs to
convert data into GRASS grid cell (raster) format. Leoor requirements will vary with
tre level ofdetail or density of tre data, and with rmp feature type .

GRASS recognizes three types of map features: arees (also temed polygons), linear
features (also termed tires), arxl points (ak.a sites).5 Typically, maps containiI:g areas
or linear features will be nwch more detailed (aod thus more time consuming to
digitize) than those containing only point data Because it is unrecessary to redraft
points, draftirg time has been omitted from leoor requirements for map layers of site
features . Most frequently, a given map type will relate to only a single type of map
feature (areal, linear, or point). However, some maps might logically be digitized as a
series of polygons, or as a series of linear features, or sometimes as a series of points.
For example, although locations of archaeological sites (shown in Toole 3.6 urder Map
Type "CuIturaI Resource Sites") might be digitized as sites/points, trey might also be
digitized as areas.

Variations in hours required to draft arxl label, ard In digitize ard attach category
labels, are given for maps with "low," "medium," arxl "high" densiti es of data in Toole
3.6. For example, it is estimated that a highly dense geology map would require 36
hours of leoor; (1) 3 hours for map preparation, (2) 15 hours to be redrafted ard
labeled (onto mylar), (3) 15 hours for digitizing area edges, ard for attachrrent of
GRASS category labels, arxl (4) 3 bours for runnirg' GRASS support routines
(convertirg vector data resultirg from digitizing or scarming into a labeled GRASS
grid cell map layer). Maps illustrating tre general levels of detail associated with
"low," "medium," ard "high" densities of data are shown in FIgures 3.2 arxl3.3 (pp 13
arxlI4).

When esti.rnating labor requirements for data development, only necessary tasks should
be included (e.g., if it is unnecessary to redraft a map prior to digitizing or scarming,
do rot include hours for dmfling arxl labeling). Similarly, if a given map type lists
labor requirements for more than one map feature type, but only one layer showing
one of these feature types is needed, only hours necessary In prepare tbe map layer
with the relevant feature type should be included (e.g., if a map of culturaI resource
sites as point features is required, but one of culturaI resource sites as area features is
rot, only the time necessary to prepare, digitize, label, ard nm support programs listed
in the "Point:' row should be included).

• Refer to the GRAf'E 3.0 Progromrer's Manual am to the paper GRAS:J 3.0 Mapde»
Vector Fornnt for an explanation of the..<e terms, Tm lalter document is available upon
mq~ from the GRASS Infonmtion Center at the eddress slx>wn in §8.7 Points ofCmT1XJct for
GRAS:J Inforrmtion GJu] SJpPJrt [p.611. Michael Shapiro, .limes Westervelt, Dave Gerdes,
Michrel Higgins, am Mariorie Larson, GRAS:J 3.0 Programrer's Manual, ADP Repent N­
89/14 (USACERL, Septerri>er 1989). Michael Higgins am David Gerdes, GRAS:J 3.0 Vector
Forma, in GRAf'E User's Reference Manual, by .limes Westervelt, Michrel Shapiro, Willimn
D. Gomn,et al, ADP Report N-87122 (USACERL, Septeni>er 1988).

§3 Guiddines in~ a GRASS GIS Database
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3.6. CadlS<Il

Hannir:g for data reeds is a crucial part of the GIS implementation process. Initial
decisions male about the types of data to order, the formats, resolution, ard scales
these data will assume for use arxIlater storage, arxI what map layers are to be created,
will detennine the types of applications users can perform with GRASS. Trese
decisions will ultimately detennine row useful the system is, arxI row cost effective it
will prove .

USACERL personoel worlcing with the GRAS'3 GIS have experience in weighing
these variables arxI are available for extensive consultation as these decisions are
made.

§3 GuidWnesin CaNru::ting aG~ GIS~
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F1glre 3.3(0): AnexlIIllie of low densiW IIlllI1 fealLrea

F\gIre 3.2(b): An eI8II1JIe of rmdiumdensiW lirear feolures F1glre 3.3(b): An exmnpIe of rmditm densiW area1 feahJrea

F\g\re 3.2(c): An emnpIe of highdenBiW lirear feabJrea F1gI.re 3.3(c): An llXlIITPe ofhighdeneiW IlItllII feelunle
I

F'\gu"es 3.2• 3.3 IIlIHralll va-iouI'lewis at map demIl (\OW, medh.m, and hIgb line deulItIe9)
for IIIlIII"fB nq:bly fqUII1 to tho li2e at one1:24,000 tB1S quad

§3 Guddlncs In Ccrfllru:ting R GRA..~ GIS DaInJJalo
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ChaptEr 4

GRASS AwliOOOffi for MiIi13ry IINaIlat.iom

Although GIS applications can only be performed after tre system has been
ret up ani all necessary data have been input, tre choice of data, stBff, ani of
tre system itself nust be based on inlerrled uses, 'Ire previous chapter
discussed considerations relevant to tre construction of a GIS database . This
chapter discusses tbe applications to which soch data can beput.

.~ .

4.1. Data and AppliOOOffi for the GIS

Data arguably represent Ire single largest investment in a GIS. It is therefore
important that Ire relevance of these data to GIS applications be considered before
data are obtained . GRASS was originally designed for envirornrent:al planters at
military installations, It is row used by both military and other users to assess
environmental impacts, evaluate site suitability, detect change, manage resources, and
rmdel the effects of environmental changes across a landscape. The range of possible
applications is virtually tmlirnited.

GRASS/GIS applications can be divided into two broad classes:
1) Those which attempt to locate sites(s) meeting specified (user-defired)
characteristics,
2) Those which attempt to characterize the nature of certain kmwn (user-defined)
sites or pheromena.

The first category includes such applications as facility siting, site allocation, routing
analyses, and site prediction The second category encompasses such applications as
site evaluation and change detection

Applications can also be classified by Ire element likely to conduct Ire analysis. On a
military installation, Ire following elements might commonly perform GRASS
applic ations:

• Environmental Office
• Master Planning Office
• Natural Resources/Land Management Office
• Bange Management group
• Training Management group

One responsibility of the GIS Coordinator is to list potential uses at the site for the
GIS, and to involve others on Ire install ation who might make use of the GIS in the
implementation process.

Tab le 4.1 contains a brief list of some possible GIS applications. These are classified
by the installation element likely to perfo rm Ire analysis, and described briefly in §4.4
Application Compendium [p.26J. Many other applications are, of course, possible.
Users at each site must determine which applications are relevant.

§4 GRAS;; Applirntions fur Military Imtallations
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Trainers:
Change de tection
Training area scheduling
Training land design
Training simulation
Training site eelection

Envi ronmental Office
Cultural resources management
Cultural site prediction
Environmental impact assessment
Facility siting
Groundwater data management
Habitat assessment
Hazardous waste site management
Land condition/ trend analysis
Landfill sile selection
Noise impact analysis
Permit management
Pesticide program management
Rehabilitation prioritization
Smokes dispersion modeling

Mas llr Planning:
Boundary mapping
Cultural resource management
Facility mapping
r'acility siting
Flooding analyses
Land use analyses
Mester planning .
Resource assessmen t
Transpo rtation corridor analyses
Visual impact assessment
Zonal maps

Range Managm>en t:
Change detection
Range placement
Training area maintenance
Training area echeduling
Traini ng impact assessment

GRASS can be used to display, mani pulate , analyze, and predictive ly model data which can be
spatially represen ted . Brosdly, this has involved the areas of facility siting, locational prediction
of phenomena (archaeo logical sites, crimes done accordin g to pattern , etc.) , and the monitoring
of change over time and space (as in the monitoring of ero sion, live deer weight, and timber
production over time across an installation) . GRASS searches a data base for the presence of
user-specified variables (or combinatio ns of variables) , and displays and manipulates the data as
requested. Below is a ve ry brief list of 1K>11T of the possible analyses to which GRASS might be
applied on an installation.

En8'gy Office Natural RciooroesI Land Managunmt:
MonitDring energy use Allocatio n of Field Transects

Change detection
Cross-country movement (monitoring)
Endangered species management
Ero sion (monitoring and modeling)
Facility siting
F100ding analysis
Forestry Climber manageme nt)
Fire damage (monitoring)
Grazing impact assessment
Habitat assessmen t
Hunting permit management
In tegrated Training Area Management (!TAM)
Land condition/trend analysis
Land management plans
Landfill site selection
Maintenance schedul ing
Management of outleaaes
Park trail usage
Pesticide program managemen t
Scheduling the harvesting of resources
Smokes dispersion
Watershed analysis and modeling
Wetlands management
Wildlife sitings (wildlife management)
Wildlife habitat mapping (modeling and analysis)

Table 4.1: Commat Appllcatiom

§4 GIlA~ Applimtiom for Military JffiClllntiom
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4.2. Data Layers

What data must be generated to support tbe desired applic ations? Sioce tre data layers
in the system are often difficult arxl expensive to translate from paper (or digital) form
into tbe forrrat used by GRASS, this is an important consideration There are several
ways of determining a configuration of complementary data layers. Often this has
been based on professional judgrrent arxl previous experience with data versatility.
For example, elevation data is regularly used to create three separate map layers,
sbowirg elevation, aspec t, aod slope. Each of these layers has unique uses. Similarly,
a map layer of area soil types is frequently reclassed into several map layers showirg
soil pH, soil permeability, K values, etc. These types of consideratio ns are important
in se~ priorities for dsta layer development, Refer to §3 Guidelines in Constructing
a GRA$ GIS Database [P.9l for a more detailed examination of standard database
data layers ard data sources.

4.3. ApJiirotioo Types

How should the GIS Coon:linator decide what applications to perform with the GIS,
the order in which they should be conducted, ard when trey should be scheduled?
Table 3.1 (p 10) contains a partial listing of map layers used in support of common
applications. An analysis can be performed to indicate the relative costs arxl benefits
associated with the performance of applications (see Methodology for Performing
Betum-On-Iruxsoreni (ROD Sudies for Implerreniation. of GRA$ on Military
Instnl/ations J based in part on the estimated labor costs assoc iated with the map layers
used in their production (see Table 3.6 [pp 17-19]). Sorre common applications are
described in further detail below, in §4.4 Applicali.on Compendium [p.261.

Data Managmert. By modifying existing datasets, GRASS can be used for ongoing
manage~nt of spatial ard tabular data. Spatial data updates might include: the
addition of a newly registered historical district to an existing map of such areas,
revisio n of the installation boundary lire, deletion of a recently closed trail from the
"roads" data layer, or the addition of a new bospital to the 'building" sites file.
GRASS can also be used in coniuoction with a data base management system to cross
reference spatial and tabular data for such applications as forestry management,
issuance of hunting permits, archaeological sites, pest control, permit compliame
tracking, ard wildlife managerrent,

Site Allocation, Facilitie; Siting, andRoute Selection. GRASS can be used to locate
sites rreetirg or maximizing user-specified requirements, for such uses as landfills or
new training areas. GRASS can also be used to allocate sites within an area, using a
specified sample design (e.g., stratified random sampling). Map layers necessary
depend on the criteria pertirent to a partic ular analysis. Similarly, GRASS can be
used to site a conidor meeting user requirements through a least-cost path analysis.
This is useful for such applications as pipeline plscerrent, transportation route

I Ben S1iwirnki (Rereroch Associates, Urbana, ILl, Methodology for Perfoming Retum-On­
1nvestmmt (ROl) Sudies for Irrplem ntalion of GRNS on Militnry Installations, Technical
Manuscript N·89125 CUSACERL, MIw 1989).

§4 GIlM'B Applicatiom for Military IrNalJatiom
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selection, planning of cross-countIy rmverrents, etc.

~ Prediction Site prediction involves tbe statistical manipulation of data to
correlate trn presence of certain factors with the OCCUITeIlCe of specified objects (e.g.,
the correlation of certain proxirnities to streams, slopes, and vegetation types, with trn
location of an:haeological sites).

!ire Evaluation, ani Land MmlagelloJt. Site evaluation involves evaluation of trn
suitilility of a site for some user-defired purpose (ircludirg' laod management). Data
layers recessary to any given site evaluation will depend on criteria relevant to the
analysis.

C~ Detection GRASS can be used for applications involvirg detection of
changes over time and/or space. For example, satellite imagery can be used to assess
changes in lardcover over time. Once damage is evaluated, contributing factors can be
sought; a predictive rmdel can then be generated to estimate future damage.

4.4. Application COIlp'.lJdimn

It is also useful to categorize analyses by the elements likely to perform them To
plan for user demard for GRASS, the GIS Coordinator should contact various groups
at the implementation site to learn of tbe analyses that might be conducted, On a
military installation, the following elements might commmly perform GRASS
applications:

• Environmental Office
• Master Planning Office
• Natural ResourceslLand Management Office
• Rarge Management group
• Trainirg Management group

Below, some common analyses are listed beneath the installation elements likely to
requesttrnm

4.4.1. Enviromnentnl Office

Cultural Resource Mana~,'ellt:llt: The status of an:haeologicalJhistorical site
surveys, usage restrictions associated with eech site/area, condition of site, and
site irnportarce can be managed using GRASS.
Cultural !ire Predictim: GRASS can be used to search for correlations of
environmental attributes (e.g., proximity to surface waters, slope, ete.) indicative
of the presence of an:haeological or historical sites. Such infonnation can be
used to develop installation surveys, issue digging permits, and plan construction
sites.

Environnu1tal Irrpact Asoi.tss.tlOJt: GRASS can be used to model the
environmental impacts associated with various ectiors,

Groundwatw ModWng (e.g., water table height, water quality, hazardous
material plume dispersal, contamination source): Drill log data can be input to a

§4 GllMB AppIicatiom for Military lmtalIatiom



. Zl· . Zl·

GRASS sites file, converted to raster fonnat, am nm through GRASS surface
rrodeling routines. Tbe surface gererated by these routines theoretically might be
used to rrodel plume dispersal in GRASS.
H37ardous Wa;te Sitts: Locations of hazardous waste sites can be displayed in
relation to access routes, population centers, am sensitive environmental
attributes, am used in Ire development of installation emergeocy managerrent
plans.
Landfill Site Seledim: GRASS can be used to locate sites suitaole for landfill
development, using such criteria es roil WPe, pH am perrreeoility, slope, depth to
groundwater; am other factors.
Noise Dynanics: Modeling of Ire dynamics of souod movement from blast
sources can be performed when Ire sound properties of Ire blast source are
krown Tbe Bnoise program (accessible through GRASS) can be used to to
generate Installation Compatible Use Zones (lCUZ ). ICUZ can be overlaid with
a map layer indicating densities of on- am off-post populations, to determine how
noise levels associated with current or proposed activities may impact local
populations.
Ptnrit eorrpianre Tracking: For each permit issued to an installation, data can
be stored on its current status, renewal date, leaf time needed for renewal, am
regulatirg agency point of contact,
Pffiticide Phv.DIl Managunent A comparison of pest infestations over time
can indicate Ire direction am location of spread, potential problem sources, am
the relative effectiveness of different treatInents. Where pests attack crops, this
can also be used to predict crop losses. Information can be stored in a database
to record dates infestatiom were identified, types am quantities of chemicals used
to combat pests, am other relevant information
Rrehaq,re ZOIlffi: Field SUIVey and/or soils am other data can be used to defire
primary, secondary, etc., groundwater recharge zones. This data can be used to
search for correlations of lam use with groundwater quality am to identify areas
sensitive to development
RtxTmtion Site Seledion: GRASS can be used to site recreation areas by liMing
locations within Ire dataset having desired slopes, vegetation types, access to
transportation routes, proximi ty to population centers, etc.
Rd1abilitation Prloritie.: GRASS can be used to evaluate data on land damage,
their correlation with different activities am Ire success of various rehabilitation
strategies, am to determine lam rehabilitation priorities.
Stniitive Species Avoidance Usirg krown and predicted locations of sensitive
species am their habitats, a map can be made indicating such areas am buffer
zones around them, to regulate their use.
Srmkes'Air Pollution ModWng: GRASS can be used to locate sites likely to be
impacted by smokes or air pollution Buffer zones can be drawn around point
sources, and examined in relation to terrain, am to population densities, sensitive
species and habitats.

StrromCnHiing Site Stniitivity: Map layers of soils, slopes, streams, vegetation
am others, can be conilined to defire sensitive (because highly-erodible, or
containing useful habitat) areas at which stream crossings should be limited.
Training Capability: GRASS can be used to detennine correlations between lam
characteristics, lam use, weather, am other factors, with the capability of such
lands to withstand stress. This information can beused to site new training areas,
am evaluate the assignments of new missions to installations, Relevant data
includes that on soils, slopes, restrictions imposed by existing lam uses, location
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of uxa areas, mise impocts distribution, location of sensitive wetlands,
archaeological sites, historical districts, easements, int:ezgovermrental agreements,
availaoility of a srrgle intercormected area of the minimum size, the effects of
topography on the required safeI)' fans, am other fectors, Larrl capOOilil)'
indexes can also be used to schedule range use.
Wildlife Habitat~ Examination of chaIl!es in wildlife hOOitat over time
can be made to evaluate charges in habitat value, am suggest the expansion,
contraction, or direction of hOOitat charge, Installation lard managers can use
such information to monitor; protect. am manage the moverrent of desirable,
urdesiraole, or protected species.

4.4.2. Maskr PIanniJ1,r

,Boundaries: Boundaries charge due to sale, acquisition, lam swaps, etc.
Krowledge of current boUIXiaries allows faster am easier preparation of outlease
contracts, am resolution of lili:>ilil)' issues.
Cultural Resourtt MSllagenbt: The status of archaeological/historical site
surveys, usage restriction; associated with each site/area, condition of site, am
site importance can be managed using GRASS.
Off·Units Anal (e.g., Impact Areas): Often, the simple display of information
is useful to lam managers. For example, the need for edditional training lards
can be made apparent by the display of laods to which eccess is restricted or
difficult (including impact zones, firing fans, am sensitive environmental areas).
Fa!erlbtt Managmrnt: Identification of easement locations, responsible
agercies am points of contact, restrictions associated with the easement. extent of
easement buffers, am date of rerewel of easement agreerrents, can all be tracked
using GRASS.
Environm'11talI Smsitive Arms: Relevant criteria can be used to locate
environmentally sensitive sites.
Flooding Potmtial: Lard characteristics am ARMSED output can be used to
predict location; of areas sensitive to flooding.
Land6ll Eite Selection: GRASS can be used to locate sites suitable for landfill
development. using such criteria as soil WPe, pH am perrreebility, slope, depth to
groundwater; am other fectors,
Non-Ownfnihip Arms: Usage of lam is IOOre difficult wren the parcels are rot
contiguous or wren different agercies or individuals mid title. Often these imply
restriction; on lam use. The update am display of this information is critical am
often legally significant
Off·Pffit Areas: Installation activities can impact edjacent off-post features am
uses. Maps of off-post areas (sbowirg' population densities, transportation routes,
political boundaries, lam uses, am wIling) can be used during the planning
stages of potentially controversial Anny activities to avoid needless impacts,
Quadrangle Boundaries: u.s. Geological Survey quadrangle boundaries are
standard am often used. It is therefore useful to designate location; of these
boundaries, to facilitate overlays of data
Recreation Eite Selection: GRASS can be used to site recreation areas by fux:Iing
areas within the dataset having desired slopes, vegetation types, transportation
route access, distarce from population centers, etc.
ROOlk Transportation existence, type, interconrections am quality are all
important planning considerations in themselves.

§4 GRAS" Applications for MIlitary Imtallations
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SbWiIH Stream locations are an important environrrental consideration They
influence habitats, erosion and sedimentation, dispersion of pollutants, vehicle
stream-crossing restrictions, archaeological site OCC1.iITeIX:e, utility placerrent (e.g.,
water treatment plants), and rrumerous om factors.

4.4.3. Natural RenJroofLmd Managmelt Offre

AlJomti(Xl eX Fi6d Tnut'ltds: GRASS can be used to randomly allocate field
transects on an instBllation (for example) in all areas containing unique
combinations of soils and land cover which also meet recessary size
requirements.
CmIt6"y Infot Il:crtion l\huliilgeno Jt The identification, locations, and
corrlitions of installation cemetery areas can be recorded using GRASS. Using
such information, maps sbowirg specific cemetery sites and their relation to
eccess roads can be produced.
Cross-Country Mobility. Geographic characteristics (including soil type,
landcover, slope, and accessibility) can be examined to predic t cross-country
nobility.
Off·Limits Areas (e.g., Impact Areas): Often, tbe simple display of information
is useful to land managers, For example, the reed for additional training lands
can be made apparent by the display of ronavaileole lands (including impact
zones, firing fans, sensitive environmental areas, and ooncontiguo us areas).
Disease lnfestatiOffi aed Migration PrOOictiOlt Given known sites of current
infestation, GRASS can be used to determine characteristics commo n to such
sites, and to search for other locations with these characteristics (in order to
predict likely future sites of infestatio n). Similarly, the GRASS tool distance can
be used to estimate the migrati on and spread of future infestation
Erodibility and EnRon PrOOictiOlt Thi s application involves the examination
of soil and vegetation losses on an installation, and tbe attempt to correlate such
losse s with install ation activities (e.g., intensity of training range use) and other
factors in order to predict the Imgnitude and location of future losses. Results
can be used to develop land management plans to insure tbe continued viability
of tbe land. Calculation of the Universal Soil Loss Equation is possible with
information derived from map layers of soils and land cover. LANDSAT or
other spectral image and ground-truth transects are used to determine land cover
catego ries.
Erosion Losses Site soil and vegetation losses can be examined, and potentially
correlated with installation activities (e.g., intensity of training range use) and
other factors, .
F100ding Potential: Land characteristics and ARMSED output can be used to
predict locations of areas sensitive to flooding.
Forest Fire (Bum) PrOOictiOlH The user can define factors affecting forest fire
potential (e.g., vegetation type , soil, slope, aspect. presence of fire breaks or open
areas, etc. ), fum filter the data based on wird direction to examine fire spread.
Results can be input to surface rro deliog programs, and refired by repetitive
filtering.
FOrtStty Managemmt: Cruise completion, date of last timber sale, scheduled
year of next timber sale by forestry compartment. characteristics of stands
(probably in conjunction with a forestry DBMS package), and other forestry
management appli cations can be performed using GRASS.

*4 GRAES Applirotiom fur Military Installations
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Grazing IJqJaCts: GRASS can be used to estimate tre effects of grazing on lam
condition,
Habitat AaSiilHIt: Species sitings (e.g., threatered or enlangered species
sitings) can be correlated with data layers which imply critical ldJitat qualities
(cover, food source), to develop a coimideree tabulation The relative habitat
values associated with different sites can then be compared. Correlations
indicative of habitat value can also be developed am used to search for probable
sites of relevant species.
Hazardou;j Waste Sites: Locations of hazardous waste sites can be displayed in
relation to eccess routes, population centers, am sensitive envirornnental
attributes, am used in tre developrrent of installation emergeocy manageIrent
plans.
HunliJlr Penit ManagmuJt:~ permits can be issued on the basis of
historical kill data, types of game reported, killed animal weight, age, sex, etc.
Landcovo-~ Detection: LANDSAT, SIUl', or other spectral image am
grourd-tnnh transects can be used to monitor landscape changes over time.
Landfill Site Sdecti.on: GRASS can be used to locate sites suitable for landfill
development, using such criteria as soil type, pH am penreability, slope, depth to
groundwater; am other fectors,
Mar1agmHlt of 0utl6HS: The government often leases out lands for fanning,
grazing or other special uses. This limits lam utilization, which may vary
seasonally. Data on locations am uses of leesed properti es, lease income
amounts am lease renewal dates can be used to manage leased properties, and to
estimate future lease requirements,
Off·LiJrit Arms: GRASS can be used to determine sites to remain off-limits for
training, by (for example) combining all those areas which cannot be used (e.g.,
urban areas, drop zones, impact areas, threatered species' habitats, significant
cultural resource sites, etc.),

I\:st Control: For eech site at which an insect or rodent infestation has been
identified, infonnation can be stored as to the date it was first identified , tbe
degree of infestation, types am quantities of chemicals used to combat the pest,
am recommended date-for nextchemical application
Pest Infestation: A comparison of pest infestations over time can indicate the
direction am location of spreed, potential problem sources, am the relative
effectiveress of different treatrnentB. Where pests attack crops, this can also be
used to predict crop losses.
Reaeation Site Sdection: GRASS can be used to site recreation areas by firrling
areas within the dataset having desired slopes, vegetation types, transportation
route access, distance from population centers, etc.
Rehabilitation Priorities: GRASS can be used to evaluate data on lam damage,
iIB correlation with different activities, am the success of various rehabilitation
strategies, am to detennire land rehabilitation priorities.
SOOimmtation &nsi.tivity: Environmental attributes like soil type, lardcover,
slope, am larduse, which are correlated with soil erosion can be defined. Such
infonnation can be used with data output by the ARMSED sedimentation am
runoff model linked to GRASS to identify sites highly susceptible to runoff and
erosion
&nsi.tive Species Avoidanre Using kmwn and predicted locations of sensitive
species and their habitats, a map can be made indicating such areas am buffer
zones arourxi them, to regulate tbeir use.



·:n· ·31 ·

Srmlcfs'Air PoIlutioo ModWng: GRASS can be used to locate sites likely to be
impacted by srmkes or air pollution Buffer zones can be drawn arouod point
sources, am examired in relation to terrain, am to population densities, sensitive
species am habitats .
Sireans: Stream locations are an important environrrental consideration Trey
influence habitats, erosion am sedimentati on rates, dispersion of pollutants,
vehicle streanrcrossing restrictions, archaeological site occurrence, utility
plocement (e.g., water treatment plants), am numerous other factors.
Subsurfare ModWng (e.g., water tOOle height, water quality, hazardous material
plume dispersal , contamination source): Drill log data can be input to a GRASS
sites file, converted to raster format, am run through GRASS surface rmdeling
routines, The surface generated by these routines can be used to rmdel plume
dispersal in GRASS.
TiniJer Stand DEnlity. Detection of changes in timber stand densities can be
used to estimate outlease value.
~ Capability. GRASS can be used to determine correlations between lam
characteristics, lam use, weather, am other factors, with the capability of such
lam to withstand stress. This infonnation can be used to site new training' areas,
am when assigning new missions to installations. Relevant data includes that on
soils, slopes, restrictions imposed by existing lam uses, location of UXO areas,
m ise impacts distribution, existence of off-limit wetlands, archaeological sites,
historical districts, easements, intergovernmental agreements, availability of a
single interconnected area of the minimum size, Ire effects of topography on Ire
required safety fans, am other factors . Lard capability indexes can also be used
to schedule range use.
WatersbOO Managmelt: Watershed basins can be derived using GRASS, am
infonnation on their areas am percentage of vegetation coverage then used to
estimate prescribed seeding amounts am dates, predicted sediment yield (from
GRASS' s ARMSED model), etc.
Wetlands Mana~~~nHJt GRA.-'\S can be used to create and store data for
wetlands management (e.g., wetlands locations, sizes, and distribution). Models
can be produced to correlate wetlands damage with certain unit activities.
Sensitive am at-risk wetlands areas can be identified, for protection from
encroochrnent or overuse.
WikDife Manag811mt: Examination of changes in wildlife habitat over time can
be made to evaluate changes in habitat value, and suggest the expansion,
contraction, or direction of habitat change. Installatio n land managers can use
such infonnation to monitor; protect, and manage the rmverrent of desirable,
urrlesirable, or protected species.

4.4.4. Ran{,~ManagmuIt and Training ManagmHIt

Off·Limit Arms: GRASS can be used to determine sites to remain off-limits for
tmming or other uses. The need for additional training lands can be made
apparent, for example, by the display of mn-available lands (including impact
zones, firing fans, and sensitive environmental areas).
~ Area Maintmanre Cat Tracking As land degradation is identified,
required maintenance and recovery costs and actions can be organized and
tracked using the system The scheduling and status of activities, and locations
where tbe prescribed actions are/are not meeting objectives, can be identified.

§4 GRA$ AppIicatiOl19 for Military lnsCillaliom



·32 · · 32 -

Training Arm Siting: 'I'rainirl:' areas and ~es can be sited using GRASS,
based on Ire types of activities to be performed on them, and Ire liJility of Ire
land to sustain them, Frequently, installation; organize performance of activities
by tmining area. Such activities may irelude mt only tmining, but seeding;
forestry, erosion managemmt, sorre budgetirg arrangerrents, etc. GRASS can be
used for Ire display, organization, manipulation, and correlation of such data
Training Land CaplCity. GRASS can be used to determine correlation; between
land characteristics; land use, weather, and other factors, with Ire capability of
such land to withstand stress. This infonnation can be used to site rew tmining
areas, and to assign rew mission; to installations, Relevant data includes that on
soils, slopes, restrictions imposed by existirg land uses, location of UXO areas,
mise impacts distribution, existence of off-limit wetlands, archaeological sites,
historical districts, easerrents, intergoverrarental agreements, availeoility of a
single interconnected area of Ire minimum. size, Ire effects of topography on Ire
required safety fans, and other factors, Lard capliJility indexes can also be used
to schedule~e use.
Training Usage The frequency, fuoctions, and intensity of tmining area use can
be managed using GRAffi. Such data can be used in conjunction with roils and
climatic data to project desired ~e location; and intensities.
'!'nVedory~ Use of elevation data to determine Ire possible lengths of
~ectorics at specified heights. Such analyses can be used, for example, to
develop a viable lire-of-sight for a weapon

4.5. Sumrmry

This chapter has examined some potential GRASS applications, and considerations
relevant to their selection and execution Which application; can readily be performed
at a given user site will be highly dependent on Ire types of data, supporting software ,
hardware configuration furdirg, and Ire availability and skills of system staff present
there. Application; have Ire potential to alter Ire use and managerrent of resources at
sites, and are Ire only visible output from GRAS3. It is therefore important that Ire
uses to which GRASS will be put be considered before Ire system is acquired, and
that application; be as fully integrated as possible with other aspects of GRASS
implementation, prior to their selection
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Chapter 5

An I:muduction toG~GIS Software

This chapter describes the design am developrent scope of GRASS through
its capabilities, operatirg environmmt, am design concept.

·33·

5.1. Introduction

GIS implerrentstion is a complex procedure, involvirg several components. One key
component is software selection Software is selected for the interned uses of the
system, data requirements, the hardware available, the level of trainirg required, the
ease wi th which the software can be modified, and many other factors,

Software evaluation criteria are not examined here, as it is assumed that the selection
of GRASS software has already been made. Instead, this chapter describes the design
and development of GRASS GIS software through its furx:tions, operating system, and
design concept, GRASS is first defined. Then GRASS data fonnals and the types of
functions able to be performed on the system are examired. Hardware requirements
are then outlined, and finally, the GRASS design concept is examined in detail.

5.2. WhatG~ Is

Different geographic infonnation systems have different objectives, abilities, operating
environments and scope. No single system does everything. GRASS can be briefly
defined as:
A geographic infonnation system (GIS) -

It is not a word processo r, a statistical system, a database management system, or
an automated mapping-fa:i1ities management (AMfFM) system It is possible to
interface GRASS to such systems, however.

A program that accomrmdates raster and vector data formats -
Both raster and vector data formats are accomrrodated (to different extents) in
GRASS. Vector data are used in GRASS for digitizing and the graphi c overlay
of data All data analysis is done on raster data, and GRASS is therefore
cormmnly referred to as a raster-based system GRASS contains conversion
programs to translate vecto r data to a raster format, and vice-versa

A set of tools -
wren arrayed with other systems, GRASS can be employed to successfully
manage land resources.
A data input-output system -

GRASS is capabl e of data digitizing, data read-in and rem-out conversions, image
processing, data analysis, and data presentation GRASS continues to grow, and
to provide more sophisticated utilities. Cooperative efforts continue to be needed
to coordinate the use of GRASS wi th systems, technologies, personnel, and
regulations already involved in the planning process.
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System capabilities are described in further detail in section §5.3 Data and
Capabilities (p.34).

5.3. Data and Capabilities

Tbe way in which computer data is organized defines the potential for its me.
Geographic data can be stored in two basic fonnats: raster (a k a grid cell), and
vector (a k a arc-node). Image analysis system; typically me raster data, while
computer-aided design (CAD) packages typically me vector data GRASS uses both
data fonnats.

Maps which contain distinc t linear features (like roms, and streams) or distinct areal
features (like county boundaries,~ area>, soils polygons, ete.), are input to
GRASS in vecto r fonnat. Trese features are defined and stored as a series of two­
diIrensionaJ coordinate pairs (points). This vector data is then converted into raster
format, sioce analysis programs in GRASS work on raster data

GRASS uses the raster fonnat for the processing of image and geographic data, In a
raster fonnat the landscape is divided like a checkerboard into regular rectangular
parcels of land. Attached to each parcel are identifyirg attributes specifyirg (for
example) the particular parcel's soil type, land cover, land use, vegetation, geology,
slope, elevation, etc.

GRASS, at the release of version 3.0, consisted of nearly 200 different computer
programs which the mer can run directly through keyboard commands, or indirectly
through menus and other programs. (Refer to the USACERL publication GRA83 3.0
Progr=,l or the GRA83 User's Reference Mamwl,2 for current, verbose listings of
GRASS connnands.J Trese capabilities can be placed into the following categories:

• Geographic Analysis
• Image Processing
• Map Display
• DamInput

Ea:h category is discussed briefly below.

5.3.1. GeograJWc Analysi.s

GRASS provides several capabilities for map analysi s and overlay. Trese include
proximi ty analyses, logical (ard/o r/mt) reasoning, weighted overlays, and
reigboorbood processing. It is this capability of bringing data derived from satellite
imagel)', paper maps, am other compute rs (e.g., elevation data) together as input to

I .llrrEs WesteJvelt, GRASS3.0 Programs; in GRASS User's Beference Manual, by .llrrEs
WesteJvelt, Michael Shapiro, William D. Gornn, et al., ADP Report N·87122 <USACERL,
SepteniJeT1988).

2.llrrEs Westervelt, Michael Shapiro , William D. Gornn, et al ., GRASS User's Reference
Manual , ADP Report N-87122 CU&\CERL, Septerrber 1988).
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some land use question that PeIDapS best defines a GIS. Maps originally at different
scales erd resolutions can all provide data which can be considered in some analysis.

5.3.2. IJmge ProreHng

Aerial images are important data sources for a GIS. They come in tl~ form of
satellite images3 and high altitude pbotography",

Raw images contain a trerrerdous arrount of information GRASS image processing
tools provide two primary furctions necessary to prepare data for inclusion in a
geographic infonnation system

(l) Grographic nfamcing. An image obtained by the above methods is
planimetric; i.e., a fixed-length lire drawn anywhere on the image covers exactly
the same ground distance. Because the earth is curved, the image must be
resampled so that the "georeferenced" image reflects the earth's curvature at that
location, and so that the image lines up with other existing maps in that location's
dataset,
(2) ClaHfication Though the images have sufficient data to provide the eye
with a picture that looks realistic, this information content can be interpreted in
order to develop lam cover classifications which group areas that have similar
spectral properties into lam coyer types.

FInally, the resulting georeferenced and classified image becomes part of a location' s
database, to be later combined with elevation, slope, ownership, geology, and other
maps by the user.

5.3.3. Map Display

Geographic am image processing generally require that the operator have a significant
amount of training to ensure useful output Hence, these tools are not often of interest
to the GRASS novice. The most attractive am useful tools for immediate use are the
image display capabilities. GRASS provides two separate sets of image generation
capabilities. One set (the d and D tools) allows the user to manipulate the display of
data on the computer monitor, while the other (the p and P tools) enables users to
print out paper bardcopies. Each set enables users to generate landscape images and
maps. Currently, USACERL supports the use of Epson, Genicom, ~, and
Tektronix printers with GRASS. Users can also write their own device drivers to
enable the use of other printers, Specific information is available in the GRAS3
Harduare Configurotion Guide,5 and from the GRASS Information Center.

3 11", roost comrmn satellites are the United States LANDSAT, ron tbe Frerch SFDr polar
orbiters.

, GRASS data has already been derived from National High Altitude Hotography (NHAPJ
program images.

r, Douglas A. Brooks, Michael E. Higgins, ron Mark O. -bhnson, GRASS Harduare
Gmf1gwutions Guide, ADP Report N-89J2l (USACERL, March 1989).
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5.3.4. Data Input

Perhaps tre rmst important computer program; in a GIS are those that are used to
capture data GRASS data is derived from paper maps, satellites, and other computers.
A powerful array of program; for~ magnetic tapes, manipulating raw data into a
form usable within GRASS, and extra::~ infonnation, allows for the production of
quality data 'Ire GRASS em user will likely become very familiar with tre digitizirg'
utilities. The processes of enterirg' mapped data into tre computer IIUJst be understood
at every GRASS installation It provides tbe user woo depends on the data with a
means of keepirg tre data current,

GRASS also provides an array of program; which allow tbe user to real data in from
other sources. Common sources include the digital line graph (DLG) and digital
elevation rrodels (DEM) provided by tre United Slates Geological Survey mOOS),
and tbe digital terrain elevation data (DTED) provided by the Defense MappiTg
Agency (DMA). Because data development is the most expensive component of
estaJlishing any geographic infonnation system, new programs are contirruously urder
development to real and translate data originally created for other systems into a form
usable by GRASS.

5.4. COJI1lUk'rs

GRASS development has been accomplished on a variety of UNIX machines. Written
primarily in tre C language, it also makes strong use of UNIX system commands.
UNIX is available on K:s, workstatiors, minis, mainfrnrre, and super computers,
making GRASS relatively portable.

The computers on which GRASS runs can be divided into two categories: deieloprreni
machines, and ported machines. Development machines are those on which new
programming code is developed. Ported machines are those to which new code is
merely ported. At USACERL, GR.Affi programming is developed on several
machines. Iterative porting of new code between these machines ensures that the same
code compiles and runs on the different development machines. It also helps make the
code rmre portable overall.

Differences in the implementation of UNIX on the various machines makes
programming effort necessary in a port, however, W eed, even a release of a new and
"improved" compiler often requires that significant programming be done on GRASS
development machines. Machines other than those used for primary development have
GRASS ported primarily in one direction; i.e., wren modifications are made to Ire
code on these machines, trey are rot necessarily brought back to Ire development
machines. Each GRASS release IIUJst be re-ported to target (ported) machines. While
there are m formal rrechanisms to feed such rmdifications back into the development
code, porters are encouraged to conmnmicate changes back to Ire USACERL GRASS
development group (so that such changes can be incorporated into tbe development
code).

Currently, GRASS development WOlX at USACERL is being done on a SlJN6 3/110

" SUN computer corporation.
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am a MAS'3COMP7 5500. While making GRASS run on other SUN orMA~OMP
machines is relatively straightforward, SOIre programmirg am debugging are always
expected. Serre public agercies have ported GRASS to other workstations (e.g., Ire
AT&T 3B2 am PC 6300 configurations of Ire Soil Conservation Service, am Ire
Tektronix workstations used by Ire National Park Service ). Private firms am
universities have also done (or are planning to do) other ports. Ai; a growing system,
Ire status of workstation options for GRASS frequently changes. Current infonrntion
on Ire availability of GRASS on different computer platforms, and on distribution am
support policy for such ports, is available from Ire GRASS Information Center. The
GRA&3 Harduare Configuration Guide8 is also regularly updated to provide
information on configuration options and costs, am on Ire status of new ports.

5.5. Design ConlqJt

GRASS programs have become irercasingly modularized am specialized over Ire
years. For example, GRASS programs can now be readily intermixed with UNIX
programs inside shell scripts (batch files or macros). While GRASS developers will
maintain the goal of system portability, GRASS users should fmd it ircreasirgly easy
to mix GRASS capabiliti es with local proprietary and nonproprietmy software to
address Ire specific reeds of their sites. This creation of new programs by users who
intennix appropriate computer resources has been dubbed the "GARDEN" concept,

This section looks first at Ire different levels of interaction available to the GRASS
user. It then explores Ire GARDEN concept,

5.5.1. GRASS Levels

GRASS can be interfaced at several different levels. Each of these levels is defined by
the functions provided . The several distirct design and implementation levels are
described below.

GRAlD Menu Levd Past GRASS releases provided a custom made menu interface
through which the novice am occasional user could access all GRASS tools. GRASS
users will recogni ze this as the "gis" or "grass" program. A series of menus led the
user to particular interactive programs. In all releases through version 3.0, menus have
been text and keyboard oriented. The GRASS 4.0 release will likely replace this with
a portable graphics interface".

-
7 MASSCOMP Co rrputor Corporation,
' Douglns A. Brooks, Michael E. Higgins, am Mark O. ohhm::m. GRA$ Harduare

CmifigwntivlIs Guide . ADP Report N-89J2l <USACERL, March 1989l.
• Investigations conducted during 1988 evaluated Ire usefulress of Ire X Winlow graphic

interf~e package. It is ptiJlic domain am portable am will allow users to operate GRASS
using a rrouse or pointer to guide rmst of tbe processing tluuugh grnphic switches, buttons,
rmnus, arrl slides. X Windows has been developed through Projec t Atbana at tl.,
Massachusetts Institute of Techmlogy. 1m X Window System is a trOOemruk of the
Massachusetts Institute of Technology,
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Interactive Levcl Tbe user woo fmds tre "Menu Level" too curroersorre am
restrictive can access interactive GRASS programs rmre directly by nmning tre
conunands "GIS' or "GRAffi". A standard UNIX shell then prompts tre user for tre
GRASS (or UNIX) corrmard that will be run, 'These tools defired the beart of tre
system in the GRASS 1.0 release. Eeeh tool (program) prompted the user for
infonnation, am then operated on tbe data based on tre user-provided commarxls. By
GRASS version 3.0, tbe user prompting am data analysis functions were split
(invisibly to tbe user) into two separate utilities. Tbe data analysis programs fonned
tbe next (command) level.

Cu•• nand Level. Connnand level programs were introduced in GRASS 2.0. For the
rmst part, these programs are rot interactive, Instead, trey take all inputs either from
an input stream or (rmre commonly) from tbe command lire, Trese programs provide
a new high-level GRASS programming cnvirornrent Used in coniunction with other
capeoilities, this level permits tre development of very powerful lard analysis models,
Such models will make GRASS rmre immediately useful to rew users. Well designed
models am analysis instruc tions will allow users to address lam use plarming
decisions that require expertise in unfamiliar fields.

Development of command level GRASS programs is eocouraged, am must be dore in
coniuretion with the USACERL GRASS development staff. If the code is portable,
gereral, am withstarxls user oouse, USACERL may include it in future GRASS
releases,

Libraries Level. Users interested in more analysis flexibility are provided with a set
of libraries with a C birding that provide interfaces to GRASS data, users, am
graphics. Using these libraries, progrannrers can develop am modify interactive am
command level utilities. USACERL programmers continue to assurre responsibility
for these libraries am the data formats trey access.

Data Level GRASS data formats currently accommodate both raster am vector (arc­
rode) geographic information Again, USACERL assumes responsibility for these
formats . As more appropriate data compression schemes are developed, the data will
continue to undergo fundamental modification It is highly recommended that the user
commmity not access data directly.

5.5.2. GARDEN ConcqJt

The new level in the GRASS hiernrehy has been dubbed the "GARDEN" concept
Jw,i, as ore can put together many salads using items in a vegetable garden, it is
possible to pick am choose from a huge assortment of computer programs in the
analysis of data GRASS provides only some of the items to choose from; tbe others
are the starxlard programs provided with the opernting system which may also include
other proprietary am ronproprietary software to help the user. The computer garden
provides limitless opportunities to cornbire various programs. While ore might mix
GRASS with a database management system (DBMS) and a report writer to assist the
envimnmental manager to keep track of oil spill sites, arotber would mix GRASS with
a statistics package, a voice recognition system, a natura1 language interface, am a
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DBMS to allow voice query of a forest managerrent system

At the GARDEN level, GRASS can remain a solid peckage of geographic infonmtion
system programs which provide the horsepower to drive a changing series of user
interfaces and a growing array of other computer progrerrs,

At the time of this writing, WOJ:k was urrlerway through USACERL to create an
applications generator that would allow a systems analyst to combine GRASS, UNIX,
and other computer programs into a task-specific product It is projected that many
clifferent applications will be created over the coming years.

Such models can be vel)' specific to a given set of software. While one database
management system (DBMS) is used on one machine, a different DBMS may be used
on another machine. The GARDEN utilities developed on these machines will use
software familiar to the user community.

§fi An Introduction to GRA--'f; GIS Software
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Cha}Xw 6

Evaluation Critma for GRMS Workstation Sel€dion

GRASS roftware has been ported In several differentcomputers, mrl is being
ported In myrial othera This chapter offers those eequiring GRASS a set of
criteria for evaluating Ire rmny han:lware options available, mrl describes
sources of existing infonrntion

·41·

6.1. Background

GRASS was designed to be widely portable rurong computers; it is written in C, am
runs on tl~ UNIX operating system Usually, GRASS code can be compiled on a new
computer with only one or two days' effort. However, it takes a much longer time to
write am test a driver for a new graphics display device. Often, the entire process of
moving GRASS software to a new computer requires six to ten month> am includes
the entire process of (l) hardware selection and acquisition, (2) compiling GRASS
code, (3) writing new graphic drivers, (4) testing am refining these drivers, (5) testing
peripheral devices am connections, (6) providing initial configuration guidance for
potential beta test sites am users, (7) testing all peripherals, (8) writing new GRASS
installation instructions specific to the new device, (9)~ for am coordinating
beta testing, (10) completing changes required after the beta test, am (11) further
testing am describing configuration options. It takes many months am a significant
dollar investment to turn potential bost candidates for GRASS into computers which
fully support GRASS.

To define current am candidate bosts am peripherals for GRASS, USACERL
maintains the GRA$ Harduare Configura1ions Guule) This document

(1) describes essential and optional hardware components for
GRASS,
(2) identifies workstations that have completed alpha testing2 but await
completion of beta testing,3 am
(3) identifies workstations am peripherals that have successfully completed beta
testing, fully support GRASS, and for which one or more distribution am support
agencies are available.

At any point in tirre, there are usually several new computers, digitizers, arxlJor
printers being evaluated or tested as possible new hardware options for GRAffi. Thus,

1 Douglas A. Brooks, Michael E. Higgins, ard Mruk O. J>luron, GRAS3 Harduxire
Cmifiguroiiolls Guide, ADP ReportN-89t2l (USACERL, March 1989).

2 Alpha-testing is initial in-holm testing, comrmnly done by Ire developersof a port, driver,
etc .

a Beta-testing. is secondary, irdeperdent testing ~tfonred out-of-bouse, Before hardware is
aided In Ire GRAfEHarduare GOnfigurotiollS Guide (Douglas A Brooks, Michael E. Higgins,
ard Mruk O. illhnron, ADP Report N-~9/21 fU?ACERL, March 1 989]), it must eilrer.be
urrlergoing, or have satisfied, beta-testing regtnrerrents stated In Ire docurrent Thstmg
Guidelines for GRAfE Ports and Driiers (Willimn D. Goran, ADP Report N-89/22
lUSACERL, Jmumy 1989]).
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this configuration guide is a very dynamic decurrent, To ersure that users have the
latest version of this guide, each revision is dated. TOO GRASS Infonnation Center
(217) 373-7220 or (BOO) USACERL, extension 220 can provide infonnation on the
date of tre rm st recent version of tre GRAfS Harduare Corrfigurotions Guide. This
guide is a logical starti..rg point for evaluatirg' tre options for selectirg GRASS
workstations,

6.2. Evaluative Crittria

From a user s point of view, it is a great OOvanlBge to have so many hardware clnices,
On tbe other bard, it is difficult to make an infonned decision from tre large I1UIIfJer
of choices available, and it is very difficult for one ageocy or organization to support
users on every possible GRASS workstation configuration As the hardware choices
expand, both selection and support become irc reasingly difficult

To address this issue, USACERL has developed a set of evaluative criteria All of
these criteria are important, but some rmre than otbers Because the importance of
one evaluative element over another will YaI)' aJll)~ users, criteria are rot weighted.
Wben considering these criteria, we suggest~ a matrix, with evaluative elements
alorg one axis, and hardware options alorg tre other axis (see Table 6.1 [p 46]).
Hardware options are constantly changing, and many of the evaluative elements (such
as cost and availability) also frequently change. Before a final selection is made,
hardware vendors should be contacted to confirm price and configuration infonnation,
and GIS support organizations should be contacted to confinn elements in the selection
process. Suggested hardware evaluation criteria are as follows:

• Cost
• Annual Maintenance Cost
• Performance
• Upgrade Potential
• Acquisition OptiOIE
• X Windows Implementation
• Hardware Support Requirements
• Status of GRASS on this Computer
• Availability
• Configuration Options
• Operating System Options and Limits
• Networking OptiOIE
• GRASS Software Support Options
• Peripheral Limits
• User Agency or Site "Standards"
• GRASS Linked Software Availability
• Other Brd Party Software
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6.2.1. Cost

Cost is always an important consideration, but is rot always easy to compare between
systems. Vendors configure systems differently, and this can make it difficult to
directly compare different workstation alternatives. Generally, higher costs reflect
higber performance, greater growth capacity, or sorre other important value. But costs
are skewed by the marketplace, and vendors with high sales volumes may be able to
offer equal value at a lower price. Thus, 300 xregabytes of disk on a 386
microcomputer may cost less than the same 300 xregabytes of disk on a super-mini
computer.

Hardware costs are often the rmst important evaluative criteria for users. While budget
often limits hardware choices, because of their large, initial expense, any system will
likely need replacement in only a few years. Factors other than cost may prove to be
rrore important durirg the life of the system

6.2.2. Plrlonmnre

Here, performarce refers to row well GRAS.'l software runs on specific hardware.
This is row measured by nmnirg a suite of benchmarks, published periodically in the
newsletter GRA&I::/ffpings. Arother document, entitled Guidelines for Running
GRASS Benchrmrks, describes the procedures used to conduct these tests. Because
these benchmarks are generally derived using a single machine, bowever, readers are
warned thai results may vary arrong users.

Despite potential variations. benc hmark results provide a valuable and easily
comparab le criterion for distinguishing machire performance. Essentially. these values
identify row long it takes the computer to perform specific GRAS.'l tasks. Users are
invited to submit tbeir own benchmark test results to USACERL, in order to refine
published values and ensure greater eecuncy.

6.2.3. Upgrade Potmfud

Some computers have significant limits regarding the new peripherals, boards, and
power requirements thai can be added in the future. For example, the Sun 3/110 has
only a few open slots on its bus. A standard GRASS system with periphera1s may fill
all of these slots. If all the slots on the bus are filled. the workstation essentially has
no upgrade potential . However, almost all workstatio ns can be networked to other
computers; thus, some upgrades to a GRASS workstation may be achieved through
networking and sharing resources along a network.

Some specific areas of concern with upgrade potential include: (1) munber of slots on
the bus, (2) power supply, (3) serial and other connecting ports, (4) nine-frock tape
drives. and (5) networking configuration options. Each of these should be considered
for specific workstations.

• Mark .b hrron, Guidelines for Running GRA'E Benchmuhs, Technical Manuscript N-89123
(USACERL. February 1989),
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6.2.4. AapDsition CtxlSlrainfs

In sorre cases, configuration choices are limited to hardware that can be ecquired
through some special contract, or which meets some otber agency or organization
criteria Trese types of constraints often limit govennrent agencies, arrl can become
Ire primary criterion in hardware selection

From Ire government perspective, there are three primary rrechanisrm for hardware
acquisition: open-ended contmcts (such as Ire Corps of Eq;neers award for
Intergraph CADD equipment, or Ire Soil Conservation Service award to EDS for
office automation), GSA schedules, arrl open competitive bidding. Each metb:>d has
advantages arrl disadvantages. Sometimes, an open-ended contmct limits an agen:y's
abili ty to acquire any other type of computer equipment. if Ire function of Ire desired
equipment could be fulfilled by equipment off Ire contract, This can cause problems
for agency offices that would rnIher use less expensive equipment or have some
specialized software need that canmt be easily addressed through Ire open-ended
contract, On Ire other bani, since these contmcts have already been competitively bid
am awarded, acquisition of contmct equipment is usually a much easier process than
acquisition of similar mrcontract equipment

At this point, m special contract has been establisred for Ire purchase of GIS
equipment in Ire Anny or Ire Corps of Engineen;, but some workstations that will
support GRASS can be acquired from Ire Intergraph CADD contmct

The Govemment Services Administration (GSA) nego tiates contracts with vernon; for
equipment at some specific discount Once a contract is negotiated, Ire vendor will
publish a schedule, identifying all avail able items, prices, discounts, arrl terms . Since
this negotiated price is presumed to be competitive with marketplace prices, hardware
items listed on a vendor' s GSA schedule can be acquired through these GSA contracts
without competitive bidding from numerous vendors. However, if Ire total dollar
value of a GSA purchase exceeds certain limits, then a purchase must be anmureed in
Commerce Business Daily arrl other vernon; are allowed to submit competing
proposals to meet Ire purchase requirements.

Alrmst all of Ire workstations that support GRASS are available through GSA
contmcts. However, Ire nurrber of configurations available may be rmre limited than
on Ire open marketplace, ard Ire prices are "fixed" by Ire schedule, for Ire duration of
Ire contract, even if marketplace prices are lower.

Open competi tive purchases have several advantages. However, specifications for such
purchases need to be well written Small omissions from specifications, or lack of
clari ty, can result in severe problems. This process is often very time consuming; if
Ire value of Ire equipment is high ard many vernon; submi t bids, bid evaluation can
become a lengthy process.

6.2.5. XW~ IJt1)IeneJbttion

X Windows is a user arrl graphics interface language that runs on most of Ire same
computers that support GRASS. Post-3.l releases of GRASS will take advaotege of
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tre features offered by tre X language. Because so many software packages will be
using X, alrmst all vernon; with UNIX computers plan to support it However,
corsideraole effort is required by vernon; to implement X, ard some vernon;' plans to
support X may be delayed or cancelled. Further, some implementBtions of X may
prove troublesome for GRASS. Tbus, some infonnation roout the status of X on each
potential workstation is relevant when selectirg a computer on which to run GRAss.

6.2.6. Hardware Support RapJinmmts

For many GRAS'3 workstations (e.g., those made by Sun, MASSCOMP [ak.a
Concurrent Computer Corporationl, etc.), ore vendor can provide nearly all of the
elements a user will require, ard will offer support contracts to maintain ard update
these computers,

6.3. Currmt Cmas

'Tbe following list includes 0 nly those computers and workstations that fully support
GRASS or are currently urxiergoing beta testing. Where machire series are listed, all
machines in the series are cepeole of suppo rting GRA~ (e.g., the MASSCOMP 5000
series actually includes seven or eight different models of machires, all of which can
support GRA~). Although this was done to simplify the evaluatio n process, it may
be desirable in further iterations of this evaluation process to split out different
workstations within a series.

Tbe choices at present (May/1989) include:

• Masscomp (Concurrent) 5000 Series
• Masscomp (Concurrent) 6000 Series
• Sun 3 Series
• Sun 4 Series
• Sun 386i Series
• Silicon Graphics IRIS 4D20
• Intergraph Interpro Series
• Apple Macintosh IT Series
• K; Compaq 386 (Microport UNIX)
• I'D 386 (Interactive UNIX )
• AT&T 386
• AT&T 3B2 Series
• Hewlett Packard 9000

• IBM RT

Two other machines, the Tektronix workstation series ard tbe Dell 386, may be aided
to this list shortly, but arc rot yet ready to urdergo beta testing.
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A mYor concern in implerrenting a GIS is sbIffing. Severn! of the tasks
required In initiate, use am mainlHin a GIS involve an extensive conmitrrent
of peroonnel. This conmitrrent is critical for the su::cessful initiation am
ongoing lIOOof GIS techrology.

·47·

7.1. Irdroduction

Often on military installations, there are elready rmre work requirements than
personnel to fulfill these requirerrents, Thus, a rew technology that brings additional
work requirements just stretches limited staff. To reduce stBf'fug requirements, certain
tasks can be contracted, such as preparing complicated map layers for tre dateoase or
maintaining the hardware, No matter row many tasks are fulfilled by contractors,
bowever, tbe implementation of a GIS on an installation requires a considerable staff
time commitment, if only for plannirg am coordirntion efforts.

The advantages of having a GIS workstation on-site must be weighed against this
commitIrent of on-site staff resources. If adequate staff time canmt be allocated for
key tasks, such as learning am using the software, verifying tre timeliress am
accuracy of critical data elements, am maintaining tbe computer am peripherals, then
it would be wiser not to implement an on-site GIS. There are other ways to use GIS
techrology (such as having GIS applications performed by a Corps district, Corps
laboratory, or contractor), and these alternatives avoid many of the stnffing
requirements for an on-site GIS workstation

Staffing requirements can be examined to determine both the reed for new personnel
am the specific tasks trey will perform Below, staffmg is divided into tbe specific
task areas associated with GIS implerrentarion, The skills reeded to perform each of
these tasks may be provided by several individuals, or as few as two individuals on an
installation The number of individuals reeded to perform tbe described tasks on any
given installation will depend upon row well the areas of expertise held by existing
installation personnel mesh with GIS-related tasks, row easily rew personnel can be
acquired, what specific GIS analyses the installation plans to corxluct, am other
factors .

7.2. Speci& Task Anal

The types of tasks associated with GIS implementation can be grouped into these "skill
"areas:

• GIS coordination
• GIS analysis
• Data managerrent
• Cartography/digitizing

§7 Staffmg and Training~
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• Systems management
• Software integration

• 4B•

With a large GIS (multiple workstations, many different users and frequent
applications), these various task groupirgs might eech be performed by a different
person or persons. But for smaller systems, many of these tasks will likely be
corroired into a single job. If you start with a smaller system, aod the nurri>er of
workstations erd applications ircreases, then it might be appropriate to assign ore
person to each functional area; bowever, some overlap in functions is always likely to
occur, given tre unique capabilities, interests, and requirements of the GIS users at
each site.

In terms of persormel, implementirg a GIS on a military installation minimally
requires a GIS Coordinator to plan for ard coordinate tbe use of the GIS, ard a
software expert perfonning applications ard assisting others to perform applications.
At least two persons lrnowledgeable about the techrology should be on-site erd be
capeole of perfonning applications.

Once established, the critical element to sustain an on-site system is often tbe hardware
system management Sorreore reeds to lrnow how to connect cables, create logins,
perform backups, and diagmse problems. On most installations, support elements
(e.g., the Directorate of Infonnation Management [DOIM]) provide some maintenance
support for the computer and peripherals (provided DOIM was involved in the
acquisition of these items), but certain hardware maintenance tasks are best performed
on a regular basis by someone at tre same location as tre equipment GIS System
Management tasks may therefore demand that a third person be obtained from existing
staff or elsewhere,

The hybrid position of GRASS systems manager/GIS analyst might be filled using
either of several different hiring mechanisms. For example, this position might be
contracted for through the Intergovemmental Procedures Act OPAl. Alternately, it
might be filled as a U.S. civil service post Each of these hiring methods implies
different obligations by employees and employers, ard has various advantages and
disadvaotages. IPA employees are permanent, full-time staff of other governmental
agencies (such as state universities), wbo are temporarily loaned to the federal
government for a limited period of time, extendable to up to four years. Personnel
hired through IPA agreements maintain the employee benefits granted by tbe lerding
institution (e.g., by the university) , In contrast, civil service employees obtain all of
the benefits associated with federal civil service.

It is assumed that the position of GIS Coordinator will be filled by a pennanent
government employee already worlcing at the site. Although, for example, an
individual able to perform many of the tasks required of the GIS analyst, data
manager, and systems manager (and some of those required of the
cartogrspber/digitizer and software integrator), might be sought, this is only an
example, suited to a scenario in which only ore position (in addition to that of GIS
Coordinator) will be filled at an implementation site. The nature of the positions filled
will be specific to the needs of the implementation site.
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Specific areas of expertise reeded to implement an installation GIS are described
below, and should be viewed in tre context of tre entire GIS ImplemenlBtion process,
as depicted in FIgure 2.1 [p 4].

7.2.1. GIS Coordination

wren a GIS is first considered, one person, already on staff, should be appointed GIS
Coordinator. This position is critical to the evaluation of GIS techmlogy for an
installation and to the successful coordination and maintenaoce of this techmlogy both
on and ofT the installation Specific tasks for the GIS Coordinator include:

• Developing the installation GIS needs (potential returns on investrrent)
evaluation

• Developing/alapting the GIS Implementation Plan for tbe installation
• Coordinatirg GIS plans between various organizations on post
• Insuring that OOIM: (or counterpart) reviews/approves the hardware selection

and acquisition
• Insuring that OOIM: (or counterpart) will support hardware
• Providing input to Army GIS Steering and/or Technical Advisory Groups
• Insuring that physical space, electrical power, and envirornnental requirements

for computer hardware are rret
• Participating in local and/or regional GIS user and data sharing groups
• Insuring that issues involving data standards, and the sharing, updating, and

ownership of data are addressed and coordinated armng all users
• Insuring that GIS hardware will be linked to appropriate networks to support

user requirements
• Insuring that GIS data can be exchanged with CAD, AMIFM and other users

as needed to support installation requirements

Tbe GIS Coordinator should be a permanent installation employee, with adequate
status and authority to accomplish these tasks. Ideally, this person will be familiar
with the organization and procedures of the different installation elements that may be
GIS users--such as the land managers, master planners, range managers, environrrental
planners, and trainers. This coordinator should already be familiar with GIS
technology and potential applications at the installation If not, tbe coordinator should
be provided opportunities to learn about GIS, and to examine the ways in which other
military installations use this techmlogy.

Then the GIS Coordinator should develop a GIS implementation plan for tbe
installation that considers each potential installation GIS user. This plan should
initially identify the potential costs and benefits of tbe GIs, whether the system should
be implemented on-site, and whether specific applications should be planned.
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7.2.2. GIS~

GIS Analysis must be provided on the installation, Necessary GIS Analysis skills
include krowledge of the use of GIS and UNIX software reeded to perform GIS
analyses, and optimally, expertise in ore or more of the GIS application areas relevant
to the installation's intended analyses (e.g., natura1 or cultural resource management,
enviromrental pl!UllJirg or ~~, master pl!UllJirg, forestry, rarge scbedulirg).
However, since the potential applicadors of a GIS extend to many areas, these will
likely exceed the expertise of any sirgle applications/software expert.

Whether current staff rrember or new hire, whoever provides these skills should have
adequate training, While fonna! software ~ courses are useful and
recornrrended, roost persons require several IIXl1'1th; to become proficient in the use of
GIS software, If GIS Analysis skills are to be provided by sorreore rewly hired for
the PUIJlOse, the position description should require at least ore year s experience with
SOIre GIS. Although it is ro t necessary that a potential candidate be familiar with
GRASS, persons familiar with other GIS s should be provided an opportunity to
receive fonna! GRASS training.

Whoever provides these skills will perform analyses using the GIS. Trey must
structure the preparation of data (or instruct others to do so) to be compatible with
subsequent GIS analysis. Analysts with sufficient expertise can also prepare "macros"
or "interfaces" that support specific, repeated applications for different users. How the
analyst serves installation GIS users will depend on the size and diversity of the user
comrramity, and the skills, interests and tine availabilit;y of other users. Ideally, the
GIS Analyst should help others perform analyses so that many users acquire GIS
software expertise. Tbe analyst will also write necessary contracts to enhance existirg
software.

Tasks associated with this skill area include:

• Learning the capabilities and potential applications of the software
• InstalIing new versions of the software, and learning the rew capabilities of

these updated versions
• Helping others to understand the capabilities of the software, so that they can

conceptualize applications relevant to their reeds
• Participating in GIS forums (such as regional egerey data exchange and

application meetings)
• Identifying additional software requirements reeded for specific applications
• Assisting GIS users in preparing for and nmning applications
•I~ that the computer system is furetioning properly and reporting any

problem; to System Manager (or fixing the problem)
• Creating applications interfaces (usirg the GRASS application generator) for

users with specific, repeated applications
• Recorrling and docUIrenting software usage, and the types and frequency of

applications, as an aid to future users and for users at other installations
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7.2.3. Data Managunmt

Geographic data is often needed am used in different offices by different software for
different purposes, To gather; develop, distribute, am "globally" update such data
would be convenient am ecoromically wise.

Data Managerrent skills include belpirg til establish am maintain standards for data
quality, maximizing data~ between users, identifying am resolvirg data
exchange issues, am~ GIS technology intD Ire instBllation's data~
am hardlirg procedures. Like Ire GIS Coordinator, whoever provides Data
Maregerrent skills will need adequate status am authllity til accomplish these tasks.
Further, Ire individual octiq:' as Data Manager should be familiar with Ire way that
data is gathered, verified, used, shared am reported by potential GIS users on Ire
installation

The Data Manager can yield tremenlous cost savings, by effectively coordinatirg data
sharing between users, am by restructming data gathe~ operations til maximize Ire
use of digital techmlogies, For example, when pbotography is flown for Ire
installation, tbe Data Manager should insure that direct digital products are derived
from this photllgraphy, am that tre requirements for these products are reviewed by all
potential users.

The development of GIS data layers can be a vel)' time consuming am demanding
task. Often, much of this work is done off-site by a Corps district, lab, or contractor,
However, even when the actual digitizing and/or scarming is done by contract, staff at
tbe installation must first identify data needs, monitor the data acquisition am
interpretation efforts, verify data accuracy am sources, am evaluate the data layers
when trey are completed. In eddition, some data elements are dynamic, am it may be
rrore efficient til update sorre of these data elements on-site. The Data Manager
should krow the available sources of data am insure that data is developed til best fit
tbe needs of the intended applications). The tasks associated with Data Manegerrent
include:

• F..stablishing installation standards for verifying data accuracy and
documenting data sources

• Establishing working procedures for "ownership" of specific data layers, and
sharing of these layers between users

• Determining requirements for sharing data between the installationand
surrounding agercies (e.g., local Soil Conservation Service office)

• Identifying procedures for updating data elements, ard testing and reviewing
these procedures (specific to each data type)

• Learning about the various available data sources, am helping til determine
which sources will meet installationneeds

• Identifying ways in which pre-digital data forms on the in:stalIation might be
converted to digital forms, and identifying potential cost savings resulting
from this conversion

• Helping coordinate CAD, AMJFM am GIS data requirements to maximize
value of installation data investment
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·52· · 52·

7.2.4. CartAJgraphylDig1izlng

Cartography am digitizing skills will be needed if anydigital map layers are to be
created or updated on-site. A person woo has data input responsibilities may share
time between GIS am CAD ard/or AMIFM systems, am provide these skills.

The preparation of maps for digitizing, and digitizing itself, are time corsumirg
procedures that require careful attention to detail. Persons selected for these tasks
should have trainirg in cartography and/or draf~. Otherwise, inaccurate maps may
be generated, which have no real usefulness. 'Ibe persons providing these skills should
also have extensive bards-on computer experience, am be role to real data tapes,
georefereoce satellite images, am excbarge data between systems. Contracts can often
be let for these purposes. 8ioce several of these functions involve use of tre GIS
software , sorre GIS training, at least on tre job, will also be required.
CartographylDigitizing tasks ioclude:

• Digitizing new or updated map information
• Reading updated data from tapes (e.g., new satellite images)
• Drafting maps for digitizing ard/or scatlIliqr
• Moving data between formats (e.g., GIS to CAD)
• Ex:charl:"ing data with other agercies and/or installations
• Archiving am retrieving data
• Docurreraing the procedures used to create/revise data layers
• Maintaining records of data updates
• Maintaining inventories of data in various formats
• Monitoring digitizing by outside contractors
• Working closely with potential users of tre data to insure that data is

developed to best fit the interned application

7.2.5.~ManagmHlt

Necessary Systems Managerrent skills include maintenaoce of the computer, tbe
peripherals (e.g., input am output devices), am the conrections between GIS
workstations am otber computers. Often, these tasks will be done by either a
contractor or a support agerey on the installation If system managerrent tasks are
perforrred by an on-site staff merroer, that person often performs these responsibilities
in an "other duties as assigned" mode. That is, trey are formally trained am hired in
rome other capacity, but have acquired system managerrent skills on tbe side.
However, with GRASS-GIS workstations, significant system managerrent effort is
required - much more extensive than with ordinary personal computers.

There are several reasons why system managerrent is especially demaming with
GRASS-GIS workstations. First, GRASS operates in a multi-user, multi-tasking
environrrent, so sorreore must have respo nsibility for creating logins, monitoring
usage, and balaocing resources between users. Second, GIS operation involves use of
numerous peripheral devices (the minimal items for a GRASS workstation irelude
digitizer, graphic printer, lire printer, terminal, disk, backup device, and graphic
display monitor). Managing these items and insuring that they are all connected
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properly requires considerable effort. Third, GRASS is based on Ire UNIX operatirg
system, which is both powerful am complex; it takes extensive exposure to UNIX to
become proficient in systems manageIrent on UNIX mochines. Finally, GRASS am
other GI& involve large datasets, which require large storage am beckup devices. A
multiple-user system reeds a regular am frequent schedule for bsekup am disk
maintenaoce. Specific tasks under Ire System Maragerrent skill area include:

• Creating user logins
• Perfonning system backups
• Maintaining the system network
• Testing new equipment
• Connec ting am supporting peripherals
• Maintaining supplies of reploceable items (paper, ribbons, mylar)
• Maintaining equipment support contrac ts
• Writing connects to acquire new hardware
• Diagrosing system problems
• Maintaining am updatiJ::g the opernting system (as per vendor updates)
• Balaocing user requirements with system resources (e.g. , "policing" the disk)
• Tracing electronic mail am netwo rk conmumications problems
• Infonning users of scheduled downtime, upgrades, system changes, etc.
• Creating am maintaining electronic connec tions to the outside world
• Providing other user support

7.2.6. Sofuwrc Integration

Tbe Software Integrator role is mt essential for the implementation of GIS techmlogy,
but a person with the skills to extern, link am customize software to meet installation
needs will prove extremely useful. Tbe Software Integrator could be a programmer, a
systems analyst, or sorreore with another technical background who has acquired
skills in learning, using, and extending software capabilities. If that person also has
SOIre training in lard/resource management, tbe link between software objectives and
progromming may be made much tighter.

Since GRASS runs under the UNIX operating system, Software Integrator skills must
first include an extensive understanding of UNIX . Tbey would include an
understanding of the creation of GRASS macros, the functions within GRASS that join
commands into an integrated application T1~ application generator is another feature
within GRASS that allows experienced users to create user interfaces (customized
menus) that not only function as GRASS macros but also can link GRASS to other
software capabilities. Macro s and specialized user interfaces can greatly extern the
usefulness of GIS techmlogy to installation personnel by creating simple,
straightforward paths to acco mplish specific tasks, such as updating a training range
condition map or evaluating the mise effec ts of a new firing range .

While software integrator skills do not necessarily include progrmnming skills, any
programming involving G RASS should be done in C. However, much of the work of
software integration can be dore using UNIX functions and GRASS utilities. Links
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can also be created to sen! or retrieve files between GRASS and relational datBbase
managemmt peckages, statistical pockages, spreadsbeets, word processors, arxI other
software systems. Many of these links will be availlille from other installatiom and
GRASS users, but an on-site software integrator can test, improve, customize and
install the links on the installation, ard insure that they meet installation user
requirements.

One other potential function of Software Integration is to provide, test, improve ard
manage links between GRASS ard otber installation-specific systems, such as IFS-M,
Intergraph, forest inventory systems, building-wide or post-wide LAN s, Novell's
UNISY8, other nn:hines for UNIX-LAN and etherret conoectiors, etc.

Specific tasks UIY.!er the Software Integrator skill area in:lude:

• Creation and testirg of user interfaces ard application macros
• Investigatir:g new ard existirg software links to GRASS
• Creating and te~ linksof GRASS with other software (in:luding RDBM8,

statistical packages, spreadsbeets, word processors, etc.)
• Testing, improving, customizing, imtalling, aod managing these links on the

installation
• Thsuring that links meet users' requirements
• Providing other recessmy support for users
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ChapterS

GRAS3 and GIS Support SIructure>

To facilitate tbe developmml. ard \JOO of GRASS, several support stnrtures
have been developed. 'IOOoo irchde distnbution aod supportcenters, policy­
Imking groups, user group rreetings, publications. ard written ard electronic
commmication fonnns. Ths chapter deocnbes the GRASS support
mechanism; currentlyavailable.
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8.1. Introduction

Successful GRASS implementation depends upon proper planning and upon the
existence of support structures, policy guidelines and documentation User sites
require different types of support as system implerrentation progresses. Such support
includes:

• Points of contact and sources for infonnation during planning phases
• Guidance while establishing hardware configurations and networks
• Support during installation of software and hardware
• Troining services
• Communication rrechanisms to facilitate discussions with other users
• Data and applications support
• Ongoing support during system use

This chapter examines available support structures and mechanisms for GRASS.

8.2. Support StnIctures, MtrlJanisms, and Doeurrentatlon

Support structures, logistical mechanisms, and documents are being developed and
improved to support GRASS implerrentation

Support structures and communication forums have been developed to address issues
related to GRASS development policy, to promote the sharing of resources armng
agencies using GRASS, and to facilitate communication between users and other
interested sites. The GRASS Inter-Agency Steering Committee coordinates GRASS
activitie s among federal organizations using the system (including the military).

The GRASSNEI' and GISTALK electronic networks facilitate communication and
development between user sites. Other comnumication forums include the Annual
GRASS-GIS User Group Meeting, and the quarterly newsletter GRAfR}!ipp ings.l
These support structures and communication forums arc discussed below, in §8.3
GRASS Communication. Forums [po56].

I GRAf'fElippings. ISSN 0899-7853. published quarterly by the GRASS Inter-Agency
Steering Conrnitiee.
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The armunt of support given to implementation sites can be minimal or
comprehensive. Levels am types of support availeole are described in §8.4 &tpport
Types Available [p.57l.

Documents specific to GRASS implementation are also beirg developed, in addition to
others which describe tre specific use of GRASS tools am other issues. Types of
availabl e documents are described in §8.5 GRASS Publications [p.581. A list of such
documents can be obtaired from tbe GRASS Infonnation Center at tbe address shown
in *8.8 GRASS fb{tuxu'e Distribution. and Irformuion. [p.621.

GRASS trainirg courses, am distribution am support centers have already been
estrolished . Trese structures are beirg reviewed am streng'1h!red to ensure adequate
support for installations implementing GRASS. GRASS am GIS Training Courses
am Cunicula are offered through a nurroer' of institutions across the country. GRASS
Distributio n am Support Center furctiors are provided by USACERL am private
orgenizations with wbom rrermrardums of agreement are reid. Several of these
support mechanisms are discussed below, in §8.6 Training [P.W1, §8.7 Points of
Contact for GRASS lrformuion. and Support [p.611, am §8.8 GRASS fbfb,wre
Distribidion and Irformuio n. [p.621.

8.3. GRASS Cotmmnication Foruml

Several forums have been established to facilitate the sharing of infonnation armng'
GRASS policy-makers, developers, users, and support sites. Trese include:

• The GRASS Infonnation Center
• The GRASS Inter-Agency Steering Committee
• The Army Corps GIS Technical Advisory Committee
• An annual GRAffi'GIS User Group Meeting
• GRAEB:;lippings, a quarterly newsletter
• GRA~, an electronic mail am software retrieval fonnn

The GRASS Informl1ion CmUr maintains: (l) a set of publications on GRASS am
GRASS-related items, (2) updated infonnation on locations that distribute am support
GRASS software and on training courses for GRASS, (3) the mailing list for the
newsletter GRAS'£lippings, am (4) updated infonnation on the status of GRASS user
group meetings am software releases.

The GRASS 1rJt<r..AgmL'Y Steering Conmittre is an infonnal organization with
merrhers from government agencies am other organizatio ns that use, support, am
enhance GRASS. 'Ibis organization sponsors the annual User Group Meeting am the
quarterly newsletter. It bolds at least two meetings annually to share am coordinate
GRASS plans among' tre participating agencies.

The annual GRASS'GIS Usa- Group Meeting is hosted each year by one of the
merrber agencies of the Steering Committee, Papers, demonstrations, am discussion
panels present GRASS applications am software development issues. The meeting
provides opportunities for current am potential users to share am demonstrate new
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GRAS'j software.

The GRASSC Ii~ newsletter is published, approximately four tirresyeer, to
provide infonnation to time interested in GRAS'j software. The rewsletier ireludes
articles on software development, hardware option; and application; of GRAS'j.

GRAS3NEI' is an electronic mail fonnn that provides a mechanism through which
GRASS user am development sites can exchange rressages. It can be reached via
Arparet, Intemet, am other networks. GRASSNEI' also includes a library of
contributed software availabl e for users to retrieve am review. Thus, rew software is
available before it is integrated into a formal release of GRASS code.

8.4. Support Types Available

In addition to the corrununication forums mted above, GRASS distribution am support
services are availeole from the organizations listed in §8.8 GRASS &Jfhmre
Distribution. and Irformuion. 1p.62J. However, USACERL staff continue to provide
distribution, software SUPPOrt. am data assistanc e services to U.S. Anny installations,
COlpS of Engineers Districts and Divisions, am other U.S. Department of Defense
organizations. These services include:

• Introductory information on GRASS and GRASS applications
• Distribution of software and docrnnentation
• Hardware configuration and/or acquisition information
• On-site installation of software am hardware
• On-site software training
• Telephone support for software
• Inforrnation on GISICADD interface issues
• Data scoping and acquisition assistance
• Data conversions between various formats am media
• Data digitizing, scanning, am interpretation
• Applications and data analysis assistance and services
• New drivers for hardcopy devices, digitizers, and display devices
• Hardware system management support and assistance
• Networking consultation and guidance

A list of specific USACERL points of contact for these services is given in §8.7 Points
of Contact for GRASS lnforrnuion and Support [p.61].

There arc numerous possible scenarios for GRASS implementation One possible
scenario, in which implementation responsibilities are divided between the project
sponsor (e.g., a MACOMl, the implementation site (e.g., an installation or District),
and a contractor (e.g., USACERL, or a Corps District), is illustrated in FIgure 2.1 (p
4).

Any or all of the GRASS support services from USACERL are available to any DOD
organization There is m minimum support package that an organization is required to
maintain, am DOD organizations are m t required to obtain these services through

§8 GRAhS am GIS Support SIrtrturffi
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USACERL. Several other GRASS support centers provide similar support services.
Also, services provided through USACERL ma,y involve tre staff am facilities of
other GRASS support. centers.

Support can be rninimal or comprerensive. Minimally, DOD organizations can elect
to request only the GRAH3 User's Beference Manua12 and a magnetic tape conlllining
GRASS software. These sites would install GRASS on their own systems. At the
other em of the support. spectrum, sites may elect to have USACERL (arxlJor
contractors or other support. organizations) provide everything from software am
hardware installation am acquisition, to data development am analysis.

For rmst Anny installati ons, USACERL has provided complete GRASS turnkey
services, These services have included hardware configuration and acquisition,
installation of software and hardware, am data development and analysi s for
instBllations, districts, etc. However, it is anticipated that Corps Districts and
Divisions, and others, will provide rmre of these services to new GRASS
implementation sites in the future,

8.5. GRASS Publications

Several publications exist or are under development to support. GRASS
Implementation Documents being developed specific to GRASS implementation
include the:

• GRAH3 Inpietrenuuion Guide,
• GRAH3 Problem-Solung MCUlUJ11, (ckJlm Q. Ressler, William Swain,

SarxIra Anderson, and~ny Thompson, ADP Report.N·8~)fl5

[USACERL, July 1989]),

• GRAH3 User's Guide,
• Methodology (or Performng Return-On-Inoestneni Sudies (or

lmpletremation of GRAH3 on Military Installations,
(Ben Siwinski, Technical Manuscript N-89J25 [USACERL, May 1989]), and

• Proceedings of the 1988 Geographical Resources Analysis
Support ~stem (Gl?i\$ User Group Meeting
(Robert.Lozar, Editor, Technical Manusc ript N-89/18 [USACERL,
September 1989]) .

TI~ DEll Auiomued Graphics Guide: Selection; Acquisition; Impletrenuuion; and
Managemmi (Gene McDerrmtt, Michael McCulley, Mary Czyszczewski, et al.,
Technical Report. P-88/19 [USACERL, June 1988]) also examines GIS implementation
issues, but is rot specific to GRASS. Tbe following documents describe the specific
use of GRASS tools, and other issues.

An Introduction to GRAS3 (.hires Westervelt, in the GRAS3 User's Reference MCUlUJ11,
by..lnnes Westervelt, Michael Shapiro, William D. Goran, et al., ADP Report. N-87t22

2.lures Westervelt, Michael Shapiro, William D. Goran, et el., GRA'B User's Reference
Manual, ADP Report N-87t22 iUSACERL, Septerrber 1988).
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[USACERL, Septerroer 1988]) am tre GRA$ Fact Eket (William D. Goran, FXt
Sheet EN-48 [USACERL, .lmumy 1989]) provide reeders with an Overview of
GRASS capebilities.

Hardware Configurations am Specifications are included in tre frequently updated
GRA$ Harduure Corfigurcdions Guide, (Douglas A. Brooks, Michael E. Higgins, am
MmX O. .hhnson, ADP Report N-89t2l [USACERL, March 1989]), am Testing
Guidelines for GRA$ Ports and Drivers (William D. Goran, ADP Report N-89/22
(USACERL, .lmumy 1989]). The first of these describes computers am peripherals
which are urdergoirg, or have completed, beta testing, while the latter paper describes
bow these beta tests should be conducted.

GRASS Design am Software Capabili ties are described in such documents as
Differences betueen GRA$ 2.0 and GRA$ 3.0 (Michael ~iro, in GRA$ User's
Referenre MCIJl1I1J1, by J:nnes Westervelt, Michael Shapiro, William D. Goran, et al.,
ADP Report N-87/22 [USACERL,& pterrl:Jer 1988]) (which examines recent changes
to tre software), arrl GRA$ 3.0 Program; (which describes all programs released
(J:nnes Westervelt, in GRA$ User's Refererce MCIJl1I1J1, by J:nnes Westervelt, Michael
Shapiro, William D. Goran, et aI., ADP Report N-87122 [USACERL, September
1988]) with GRASS version 3.0).

Data Development issues are treated in Cartographic Issues in Database Deoeloprreni
(Marilyn Ruiz, Technical Manuscript N-89/24 [USACERL, September 1988]) , Map
Preparation Guide (.kan Messersmith, in GRA$ User's Beference MCIJl1I1J1, by J:nnes
Westervelt, Michael Shapiro, William D. Goran, et al., ADP Report N-87/22
[USACERL, Septermer 1988]), and Sources of Digital BjXltial Data (MmX o..hhnson
and William D. Goran, Technical Report N-88/0l/ADAl 89788 (USACERL, December
1987]), ard other documents,

GRASS Applications are examined in such papers as An Erosion-Based Land
Classificcuion. System for Military Installations, (S. D. Warren, V. E. Diersing, and P.
J. Thompson, [paper presented at the 41st Annual Meeting of the Society for Range
Management, 21-26 February 1988, Corpus Christi, TX]), and linking the ARMBED
Watershed Process Model uith the GRA$ GIS (Winifred Hodge, Marjorie Larson, and
William D. Goran, [paper presented at the 1988 International Symposium "Modeling
Agricultural, Forest and Rangeland Hydrology," 12-13 December 1988, Chicago, IL]).

Networking is discussed in GRASSNF:r: An lmpletrenuuion. of UNIX Communication
Utilities (Kathryn (Peckmld) Norman, in GRA$ User's Reference MCIJl1I1J1, by thmes
Westervelt, Michael Shapiro, William D. Garon, et al., ADP Report N-87/22
[USACERL, September 1988]).

A variety of Reference Manuals (including the GRA$ User's Reference Manual
[.hIDes Westervelt, Michael Shapiro, William D. Goran, et al., ADP Report N-87/22
(USACERL, September 1988)], and the GRA$ 3.0 Programmer's Manual [Michael
Shapiro, .hIDes Westervelt, Dave Gerdes, Michael Higgins, and Marjorie Larson, ADP
Report N-89/14 <USACERL, September 1989)]), Audio-Visual Materials (such as the
GRA$ VIdeo, and several slide sets), and information on Support, Training, and
Vendors are also available for distribution or loan.
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A list of these am related documents can be obtaired from Ire GRASS Infonmtion
Center at Ire address shown in §8.8 GRASS &fiunre Distribution UJ1l1 Irformuion.
[p.62J.

8.6. Training

USACERL offers special courses am sessions for Anny am CoI})S District am
Division personnel upon request Other GRASS support organizations offer courses
that are open to DOD participants am Ire gerersl public (Toole 8.1). Tbe GRASS
Infonnation Center am Ire newsletter GRA&£lippings provide specific infonmtion on
upcoming courses.

rITI Spece Hermtc SclF ifl{ Center
BuiJd~ 11m , Suite 118

Stemi.. Spece Cerec r, MS 39529
(oc: MelifM fkrer

60 lA;8I\-2IiOO

Soil Corservetion Service
Natioml Cartographic Center

501 Felix Street
P.O. Box filili7

fbrt Wo<1h, TX 76115
817!.~J4-521 2, ·5,';59

lWozksooll' for S:; S SIDfI)

Cook College Hermte &=iq: Cerser
Dc~ of llwirorunm'>1 Resources

College Farm Rom , P.O. Box 231
N tW Brurswick, N1 0Br03

lUC: Brie Bill
WI832-0031

CemmJ. Washirgton University
Cortinuirg F.du:at.ion.C1S

rnembmg, WA 9&326
roc: MarlIB IJlEIrin.smth

5O!Ml6.3-1504

Table 8.1. GIlA$ Traini~ Periodic Training for Gan-aI PWlic
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8.7. Points of Cmtact ferG~ biOluation aodSuwort
General points of contact at USACERL (Table 8.2) will respond to questions,
corrnrents, am other input related to GRASS distribution, Inter-Agency issues, data
development, hardware configurations am berchmarkirg procedures, submission of
contributed software, data applications work, GRASS rewsletter distribution, am
GRASS documentation am training. Table 8.1 (p 60) am Table 8.3 (P 62) list groups
outside USACERL which also provide GRASS distribution, training, am support
services.

GIlAS3
Net: gm."foI@ccrl.cocer.anqy.rril

GHA.ffiNEI': ccri\!gnm

GRAffi InronnolJon C......
Kathy I. Nomnn

8OO/lSA-CERLext. 220
217(,173-7220

Net knthy@cerl.eecer.azmy.ni1
G1lASSNET: eerl~ kathy

GRAl'SC~

Mary Martin
8OO/lSA-CEIlL ext 462
217f.l5Z.6.~11 ext 462

Net.: rmrtin@ccri.cecc r.anny.mil
GRAfSNF.T: ce rl\!rro.rtin

GRA..'lS I L-.nhwre Mnnogu­
Do~ Brooks

ij(X)/lSA-CERLext, 752
2171.l73-6752

Net: brooks@Ccrl.cccer.anny.mil
GIl-'\~NE:T: ccrl\!brooks

GRA~ Software 1lr.1l'ihution
Murk Johnon

HO()/l.SA-C~:IU , ext. 414
2171.152-li.')11 ext 414

Net.: jo hrso l'l@\:erl.ctx'cr.UI'TflV.mil
GHASSNJo:f: ceridjohrson

Intu-A_ ~ComrniUoo

Facilitator: William Gomn
BOOIUSA-CEIlL ext. 735

217f.l73-6735
Net: gorw@cerl.ceecr.ant'\Y.mil

GRA..SSNEl': cerl\!gomn

GRAffi Softw.Ire Conlributi<n;
.JimWestervelt

BOOIUSA-CEIlL ext 449
217f.l52-6511 ext 449

Net waltcrve@ccrl.ccccr.wmy.mil
GRAS.~NET: ceri'dwcs terve

Data \lajuir<mmI!; and Info
.jcan Messersmith

RlNlILSA-CEIU. ext 474
2171.J,~2-6.~11 ext 474

Nt..t: obrien@ccrl.cre cr.8lTJlV.mil
GHA~Nf~': ccrl\!obricn

GRASS ApPimtions
Hobe rt lozar

R()(VUSA-CEIU. ext 7:J9
217(,173-1>7:19

Net 107.nr@cc rl.coccr.anny.rri l
GRASSNJ<:f: ceri'dlozar

Table 8.2: GRAffiNET & Electronic Mail
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8.8. GRAS3 SlItware Distributim and Infollnatim

Sites offerirg GRASS software distribution services am infonnation are listed below:

GRASS INFURMATION CENrER
u.s. Al1l\Y Coretaction EngID,erill! Reeeerch IJJhoniDly

P.o . Box 4005, 2902 NewmukDrive
CIwnpeign, n. 61824-4005

IOC: Kathy Nonmn
BOOII.EA-eF.RLext Z!ll or 217I3TJ.=

GRASS sorrwARE D1SI1U1llJI1ON

COMMEllClAL D1Sl1UBlmON S17FS

MAS'COMP, MACINI'OSI~ & AT&T
fIT) Spece Rermte Semirg Cente r

Buildirtlllfll, Sui'" 118
Stennis Speee Center, MS 39629

RJC : Melissa I!k re r
601,r>AA-2500

Soil Corservetion Service
Nutional Curtogmphic Center

501 felix Stl\rl
P.O. Box 6567

Fort Worth, TX 76115
8171..14-5212

SUN. 'IEK'I1lONIX & R: 386
DBA Systcna

Redwood Ore Ruild~

10560 Arrowbeed Drive
Fairfax, VA 22033
roc: IAtvc Johmon

700,s91.j)6()(}

AGIN:Y DlSl1UBImON .'11'1101>

Natiom! IWit Service
GlSn;. Wi\OO
P.O. Box 25287

Denver, 00 8Jl25
JOC: Harvey Fleet

300l.Jffi.2590

u.s. Geological Survey
MnU Slop 915
National Center

12201 Sunri...e Valle}' 1mvc'
Heston, VA 2'200'2

10.:: Fdwurd Fskowita
7111AWl-tj.';/>';

SILICON GRAnDCS
G.W. Hanrawey & Aseociatee

839 fuuI St=<
Boulder, CO 6(),JOO

IOC: WyrdhmnHunrnway
303I44().96'l1

u.s . A_ COO,
P.O. 1I0x 4ffi';

2902 Nt..'WrnuK Drive
Chwnpoign. II. 61!l24-4(J)fi

IOC: Mark .h!uH>n
BOOII.EA-eERL

Table 8.3: GRAS'> Software and Information Calla's

8.9. GIS in the Arnw and the COl"J~

While the first Anny installations am Corps Districts were implementing GISs, both
the Anny Engineen:; and the Corps Districts developed temporary structures to oversee
or recomrrerd procedures for GIS implementation The Anny established the "Anny
GIS Steerirg Committee" with the Chief of the Anny Environmental Office (AID) as
Chair. This committee fuoctioned intennittently from 1986-89, am has become a
"proponent' organization for this document. Other member elements of the committee
have included the:

• U.S. Army Thgineerirg & Housing Support Center (Effie), Natural &
Cultural Resources Division

§8 GRAS'> and GIS &.wort StJu::tureg
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• EHSJ, Hanning Division
• Office of the Assistant Secretary of the Anny (INL)
• Directorate of Research and Development, HQ USACE
• Directorate of Civil Works, Office of Enviromnental Overview,

HQUSACE
• Office of the Chief of Engineers, Installation H anning Division (ZCD
• U.S. Anny Construction Engireering Research Laboratory

·63·

This committee has considered such issues as hardware and software standards, data
sharing between Computer-Aided Software Design and Development (CADD) and GIS
users, and specific applications that require or could benefit from GIS

In 1987, the Corps of Engineers established an Ad Hoc Committee on GIS, as a result
of a recommendation of the Environmental Advisory Board after their meeting in New
Orleans in March/1987. 'Ibis committee, which was headed by Dr. William Klesch,
met several tines during 1987 and 1988 and presented final recomrrendations to the
Enviromnental Advisory Board in October/1988 and shortly after to the Chief of
Engineers.

Tbe Ad Hoc Committee included 32 members, representing various Districts,
Divisions, Laboratories, and headquarters. Members were divided into eight
"subcommittees" to address the following eight technical areas:

• Sensitivity to user reeds
• Scoping data requirements and applications
• Intermodal hardware consistency
• Software compatibility
• Quality control
• Technology transfer
• Cost considerations
• Inter- and intragercy coordination

Limited numbers of copies of the committee' s final report are available through the
GRASS Inlormation Center (see §8.8 GRA$ Softuare Distribution. and Irformuion.
[p .mJ) .

8.10. Conclusion

Good documentation and logistical support will help those considering acquisition to
estimate costs and benefits associated with system implementation Support structures
will provide an ongoing mechanism to address users' questions before and after system
acquisition Such mechanisms will allow sites to prepare themselves-before the
system arrives-for the implementation of GRASS.

§8G~ aod GIS Suw ort Sln.dures
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IMlnltim d Tenns:
G1lIlS31'Y of GIS TEnDS Canmmly Used in Rdatim to Digitizing!

An: A line connecting a set of points that form one side of a polygon.

. frI .

Area: A fundame ntal unit of geographic infonnation. Portions of the map bounded by lines.
See Polygon.

Attribute Nongraphic information associated with a point, line, or area element in a GIs.

Cathode Ray Tube (CRT) : An electronic screen for displaying info rmation or graphics. Also
called a visual display device.

Cell: The basic element of spatial infonnation in the raster (grid) description of spatial entities.

Cursor. A visible symbol guided by the mouse or digitizer, usually in the form of a cross or a
blinking symbol, that indicates a position on a CRT.

Data Base A collection of interrel ated infonnation, usually stored on some form of mass­
storage system such as magnetic tape or disk.. A GIS data base includes data about the position
and the attributes of geographic features that have been coded as points , lines, areas, or grid
cells.

Digital : The ability to represent data in discrete, quantified units or digits.

Digitize: To encode map coordinates in digital form.

Digitize': A device for ente ring the spatial coordinates of mapped features from a map or docu­
ment to the computer.

Edit To remove erro rs from, or to modify, a digitized map or a file containing attnbute data

Elements A fundamental geographic unit of inform ation, such as a point, line, area, or pixel.
May also be known as an entity.

File: A collection of related information in a compute r that can be occessed by a unique name.
Files may be stored 0 n topes 0 r disks.

Graphics Monitor. A CRT capable of displaying maps and results in color.

Grid Mal" A map in which the infonnation is carried in the form of grid cells.

Hardcopy: A copy on paper of map infonnation or a graphics image originally displayed on a
CRT.

Inte..acth"" A GIS system in which the operato r CM initiate or modify program execution via
an input device and can receive infonnation from the computer about the progress of the job.

I Adapted by Stuart Bradshaw (U.S. Army Construc tion Engineering Research La­
boratory IUSACERLj) based on definitions by P. A. Burrough, Principles of Geognphi­
cal lrforrm tion Systems for Land Resources A ssessment (Oxford University Press, Oxford,
1987) .
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Island: A polygon lying within a parent polygon that contains no connections to the parent
polygon . It may consist of one or more arcs.

Jmn: To connect two or more separately digitized lines or maps.

Keyboard: A device for typing alphanumeric cherecters into the computer. The arrangement of
the keys resembles that of a typewrite r, but often has more capabilities.

Layer: A logical separation of mapped information occording to theme. Many geographic infer­
rnation systems allow the user to choose and work on a single layer or any combination of
layers at the same time .

Lcgmd: The part of the drawn map explaining the meaning of the symbol s used to code the
depicted geographic elements.

Line: One of the basic geograph ic elements, defined by an ordered set of points that descnbes
the position and shape of a linear featu re on the map. Each line starts at a node and ends at a
node. Lines connect at nodes, and no line crosses itself or any other lines.

MalX Cartography: a hand drawn or printed document describ ing th e spatial distribution of geo­
graphic features in term s of a recognizable and agreed symbclism . Digital : the collection of
digital information about a part of the earth's surfoce.

Map Gmeralization; The process of reduci ng detail on a map as a consequence of reducing the
map scale. The process can be semiautomated for certain kinds of data, such as topographic
features, but requires more insight for thematic maps.

Map~ection; The basic system of coordinates used to descnbe the spatial distribution of
elements in a GIS. The Universal Tmnsveroo Mercato r (UTM) is gene rally used in GRASS.

Menu: A list of available options disp layed on the screen th at the user can choo se from by
using the keyboard or a device such as a mouse.

M alEC A hand-steered device for entering data from a digitizing tablet. fee Puck, Cursor.

Node: The point at which any lines in a polygon or linear network are joined. Nodes define the
location of the endpoints of every line, and a single node may mark the start and/or end of one
or more lines. Nodes carry information about the topology of map features.

Overlay: Mapping: the process of stacking digital representations of various spatial data on top
of each o ther 80 that eoch position in the area covered can be analyzed in terms of these data
Map preparation: refers to a separate layer of map information which contains information on
the attrib ute coding for the prepared map.

Point; One of the basic geographic eleme nts. Points are referred to as degenerate lines. A
degenerate line starts and ends at the same node and has zero length.

Polygun: A multisided figure repreoonting an area on a map.

Puck: A hand-held device for entering data from a digitizer (see Mouse, Cursor). Usually has
a window with accurately engraved crosshairs, and several buttons for entering associated data

Residual: In map registrntion, the amount of error a registered point contributes to the overall
map registrntion error.
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Resol ution: The smallest spacing between two display elements; the smal lest size of feature
that can be mapped or sampled.

Scale: The relation be twee n the size of an object on a map and its size in the real world ,

Snape To connect two or more separately digitized lines.

Tablet: A smal l digitize r used for interactive work on B graphics works tsdo n, See Mouse.

'fhn'ShoId: The level, point, or value above which something will take place and belo w which
some th ing will no t.

Topq:raphic Map: A mop showing the topography (contours, roads, rivers, houses, etc.) in
great accuracy and detail relative ID the map scale used .

Topologically SlnJcturcd: Refers ID B digital file of geographic data that maintains the spatial
relatio nships between features inherent in the map.

Topology: The way in which geographic elements are linked together,

Transform: The process of changing the scale , projection, or orien tation of B mapped image .

UNIX: A modem, geneml purpose operating system.

UTM: Th e Universal Transverse MercalDr coordinate system of Eastings and Northings.

Vccta: A quantity having both magnitude and direction. Refers ID any digitized lines.

Window: A usually rectangular area that is used ID view or ID tmnsfo rm the original map.

Wai<station: The desk, keyboard, digitizing tablet, and CRTs connected togethe r as a unit for
working with maps or graphics in interactive GIS.

ZOOIll: A capability for proportionately enlarging or reducing the scale of a figure or maps
displayed on B CRT.




