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The production of forest products involves wood 

procurement, harvesting, site preparation, and planting. 

These processes can be combined under the heading industrial 

forestry operations. Most of these operations have, by 

necessity, become mechanizei to a considerable degree. The 

equipment used in industrial forestry operations is 

primarily affected by terrain, soils, timber species, timber 

stand characteristics, the nature and health of the local 

and national economy of the industry, and local climatic 

conJi tions. 

Because of lack of information these factors have 

usually been considered in a generalized or an intuitive 

manner when making decisions relative to industrial forestry 

In some situations, a great deal of information 

which may be pertinent is not used because planners and 

decision makers are either unaware of its existence, or 

cannot make use of the data in its existing form (Stuart and 

Wdlbridge 1975). However, recent technology has brought 

about an information explosion. Inf orma.tion, in its 

broadest sense, could soon become the leading edge of many 

eCOilOE1ies. Decision makers need a variety of information 

which may be difficult to identify and find. The problems, 

therefore, are lack of technology to handle information as 

1 
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well as lack of information {Morris 1972). 

A prime example of the problems associated with the 

transfer of information and technology can be found in 

harvesting operations. with increased mechanization, 

harvesting has become d sophisticated process. In many 

cases, older, labor intensive harvesting systems have become 

too costly due to increasing labor rates, social programs, 

and the decrease in the agricultural labor pool. Mechanized 

systems, while more promising in some respects, are not as 

adaptable to various sails, terrain, timber sizes, and stand 

characteristics as were their man and mule counterparts. 

~echanical systems call for increased management skills and 

capital commitment in order to compensate for higher machine 

purchase and operating costs. The importance of management 

will increase as the sophistication of harvesting increases. 

Continued refinement of machine types, and the development 

of machine capabilities must occur to meet the industry's 

needs (Stuart and Balbridge 1975). Extensive information on 

ter~ain, climate, soils, timber types, and stand 

characteristics is needed for machine development decisions. 

Informational problems also are encountered in forest 

land management, land ownership, timber availability, and 

public attitudes towards industrial forestry (Stuart and 

Walbridge 1975). Nanagement decisions must be based on 

detailed and accurate census of the area of land available 
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for materials production, current inventories of materials, 

and the productive capacity o:f land. Currently, t h·a 

information available for such assessments is not adequate 

and more precision and accuracy are required. The impacts 

of new developments such as changing objectives of small 

land owners, enviconmental regulations, and other land use 

issues are now unclear, but are potentially serious. The 

rationalization or optimization of these regulatory policies 

will require a great deal of research and professional input 

{Natl. Res .. Counc. 1976). 

It is clear that the forest industry is facing serious 

problems in land use planning. New sources of raw material 

will have to be found. The competition for land use and the 

competition among firms for the same raw material, coupled 

with the increased demand for forest products necessitates 

the development of strategies by the industry and the 

individual firms to meet these challenges 

Walbridge 1975). 

{Stuart and 

Sound strategies can only be developed from good 

intelligence {Stuart and Walbridge 1975). Good intelligence 

means having good information technologies which can 

contribute to the resolution of many complex problems. 

Information must be diffused thcoughout the 

technical communities to facilitate 

scientific anrl 

research and 

developme11 t, and transfGred to r;ianagement to enable them to 
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make better production decisions. Developing information 

technology is seen as a time consuming, laborious, and 

costly process which is best done by government agencies or 

groups funded by public money who can meet the needs of many 

individuals at once {~orris 1972). This contention appears 

valid since the vast majority of existing information 

systems have he en developed by public agencies, 

universities, or otl1er government funded organizations. 

This is evidenced by noting the sources of the publications 

referenced in this work. If the costs of development are so 

great, then how are such systems justified? 

Justifying a type of decision support system can be 

difficult. It is easy to quantify the replacement of ten 

clerks with one computer for automatic data processing, but 

how does one quantify the impact of improved individual 

effectiveness in decision making and management? These 

support systems are decision oriented extensions of computer 

systems, and they help people make and communicate decisions 

concerning administration and/or competitive tactics and 

strategies (Alter 1976). Most management decisions are 

still intuitive to some degree. The role of decision 

oriented computer systems is to increase the decision 

maker's intuitive ability through (1) providing pertinent 

information as close to real time as possible, and (2) 

models which aid the understanding of operations and 
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relationships.<1> The philosophy is that the use of 

computers to help people make and communicate decisions is 

'2Very bit as leqitimat 12 a.nd worthwhile as the use of 

computers to process masses of data; therefore, systems 

which model, simulate or store, retrieve, and process data 

into information are bonafied tools of value {Alter 1976). 

The foundation of any information system is a data 

A data base in itself can be considered as an 

independent resource available for broad range applications. 

It maintains highly detailed and basic data which specific 

svstems utilize. It constitutes the general file for the 

organization thereby eliminating the need fo~ keeping and 

updating specific files {Howard and Baxter 1976). 

A common data base which brings together the various 

factors that enter into developing the needed strategies for 

industrial forestry operations would be a valuable tool to 

corporate planners 1 machine developers and manufacturers, 

and research gcoups serving the industry (Stuart and 

Walbridge 1975). rhercfore, the main objectives of this 

research are to: 

c11 Unpnblished talk at Seventh Annual Computer Userst 
conference, Blacksburg, Virginia given 25 Narcb 1977 by 
Philio J. Kiviat, Technical Director, Federal Computer 
Performance Evaluation and Simulation Center, 
Washington, D.C. 
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1. Id,2ntify the basic Jata :cequir:ed for decision making 

in industcial forestry operations. 

2. Compile the sources of such data. 

3. Conpar0 and evaluate the computer programs available 

to operate and maintain a decision support system £or 

industrial forPstry operations. 



Data bases and information systems are not new in 

th<.-=?mse1ve.s; however, tha recent growth of computerized 

systems has occurred as a result of the growth in data 

processing technology. This growth has given rise to much 

recent literature on the subject. This review will first 

look at the types of decision suppoct systems. Second are 

what past system developers have concluded to be the desired 

characteristics of data bases and their systems. Observed 

problems with data bases regarding their development, 

documentation, and applicability will be discussed third. 

Fourth is a review of some presently operating systems. 

Last, and nost important to this project, the problems and 

the necessary decisions to be faced in the development of 

the georeferenced data base for ind.ustrial £ores try 

operation purposes will be considered. 

The best method of grouping the types of decisions 

support systems is to compare them in terms of what the user 

does with them. Alt e c ( 1 9 7 6) used six categories. One 

type's major purpose is to retrieve isolated data and 

possibly tailor output n~ports to users' needs. It is most 

of ten used as a production tool to monitor work and 

coordinate separate work phases. Second, are those used as 

7 
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a mechanism for ad hoc analysis of data files. They are 

often used to make incremental decisions on a more real time 

basis. An application is in the a~ea of sales. Third are 

systems which obtain prespecified aggregations of data in 

the form of standard reports. In such cases, the raw Jata 

usually already existed, but in a tedious and manual 

acc,2ssing mode. A fourth type are those which estimate the 

consequences of proposed decisions. In this group reside 

the simulation and modeling systems, systems which identify 

the factors which influence and cause affects, and systems 

which identify the affected areas. Fifth are those which 

propose decisions through search routines which may locate 

the sites of new ventu~es, or through other analysis may 

point up new design needs. A final category ace those 

systems which actually make decisions. Here are found the 

linear and goal pcogramming models along with other decision 

making methods. None of these categories are mutually 

exclusive in terms of a system. One system may be 

classified into several categories because it is the use of 

a system which is assigned to a group, not the system per 

se. Thus, there is not only the idea of different systems, 

but even more importantly, there are many ways to use 

decision support systems. 

Q§.§i£.9~ ~h2..£~£1g£t~:t:b_g:§ Qf Data 12£.§Q.§ £!lQ J:hQi!: 2.Y~1Qfil§ 

A concise description of a good information system and 
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its desirable properties was sumfuarized by Hokans (1973a) • 

He states that an inventory system should provide reliable, 

current basic data with convenient access that can be used 

by all levels of management; should restrict data selection 

to information necessary for making decisions; should 

include no presumptive classifications; and should be able 

to have the data base changed efficiently and effectively 

{Hokans 1973a). Special emphasis is made that for data or 

information to be useful as possible, it should be free 

of presumptive classifications or presumptive 

interpretations. Basic data not of a relatively temporal 

nature should be non time constrained. The idea is to 

provide a data base that will be useful as standards and 

constraints change (Hokans 1973b). 

Another statement oi desired characteristics was made 

by the Data Systems Group at Oak Ridge National Laboratory 

(ORNL) in early 1976 after they made an extensive search of 

systems which could be used to manage a large scientific 

data base. Their search resulted in a choice based on the 

following criteria: 

1. The data types in the data base should be catalogued 

seperately from the data itself. With large numbers 

of data types it is important for the system to be 

able to scan the data base(s) to determine if a 

particular type of data is included. 
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2. The data should be randomly accessible. 

3. The record structure allowed should be general enough 

to encompass all record forms needed. 

4. Since FORTRAN is the de facto standard for scientific 

computer programs, and all modular type operating 

systems' programs at ORNL are written in FORTRAN, the 

data base should be accessible from FORTRAN computer 

programs. 

5. Data files should be protected from unauthorized 

personnel. 

6. Service facilities should he provided for maintenance 

activities such as updatinq, listing, plotting, 

moving, and compressing. 

The system should also operate on the make and model of 

computer which the developer and the intended users have 

acces.s to. It is possibly a larger chore to convei:t data 

base programs to different computers than to convert normal 

computational programs {G r-eene et al. 1976). This 

particular data base being developed by ORNL is not a 

geographical data base, but a tabular information style of 

aata base; nevertheless, the criteria are applicable. 

The geographic inforAation system of the Tennessee 

Valley Authority (TVA) organizes* stores, manipulates, and 

displays data by spa.tial ci:iteria. Some important 

geographic information system considerations noted by TVA 
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include the following: 

1. 

,.., 
~-

J. 

Geo referencing involves the use of location 

indentifiers to reference data to a specific area 

on the earth. This allows for the accurate overlay 

of basic data elements to descr:ibe the 

intersections of data variables throughout a 

geographical area. 

Data structure provides for data encod,ing, 

storage, and retrieval I and allows easy 

manipulation ~nd combinations across specific 

system boundaries or hierarchial levels of detail 

and resolution. 

Data manipulation perhaps the most important 

function of a yeoreferencing information system. 

It should provide for a diverse range of analyses 

and syntheses to greatly expand the system's 

capabilities. 

4. Computer display (computer graphics) usually 

accomplished by line printers, digital plotters, 

cathode ray tubes, wicrofllm, film, recorders, or 

some combination of these {Howard and Baxter 1976). 

Prank Manola<2>, Naval Resea.rch Laboratories, 

Washington, D.c., expressed the following characte~istics of 

JOOd bases~ 

1. Data bases conta,in large amounts of coded 
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information. Seldom does one want to store data in 

its fully expanded literal form. 

2. The various data dre "abstracted", which means that 

all the details about an object or activity is 

suppressed except for those relevant to the 

understanding of some phenomenon of interest. 

3. When properly structured, data bases which contain 

the proper data should not become obsolete for a long 

period of ti.rr1t.~. 

4. Good data bases can be examined at any time during 

their life. 

5. Most importantly, the data base has an intrinsic 

meaning which is invariant of its interaction with 

users. This is to say that the meaning of a data 

base lies with the data, not with the users. 

Data bases and data processing systems are being 

developed at an increasing rate. However, they often evolve 

without the proper coordination among the various system 

designers, or between the developers and the users (Morris 

1972). ~any systems evolve with too little concern for the 

future users. No substantial effort should be undertaken 

c2> Seminar given 11 November 1976 by computer Sci. Div., 
Va. Polytech. Inst. and State Univ., Blacksburg, Va. 
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without sufficient involvement of the potential users. 

Computer systems principally developed in the pursuit of 

research activities seldom tailored for user 

applications in the field. Substantial effort is usually 

required to transform a computer system from research status 

to a production tool. Serious shortcomings which often 

result from insufficient preliminary design and field 

involvement are: the system is unnecessarily limited in 

scope; the scope is projected in the wrong direction(s); the 

system is clumsy to use; dnd, there is a lack of proper user 

documentation (U.S. Department of Agric. 1974). 

Alter (1976) found many of the same problems in his 

study of decision support systems. He 

existence of three sizable stumbling blocks which hinder the 

henef its of the systems. First, managers and computer users 

in many orqanizations are familiar with only a few of the 

types of decision support systems now in use. The 

situations leads to different types of innovative systems 

bei11g conceived and nurtured by entrepreneurs on the staff, 

not by the system users who are the line personnel. Second# 

these entrepreneurs tend to concentrate on the technical 

characteristics and often fail to anticipate the ways in 

which such systems can he used to increase management's 

effectiveness. Third, hiyhly innovative systems - the ones 

which should be most useful - run a high risk of never being 
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implemented, especially ~hen the impetus for change is a 

source other than the potential users. 

Despite the common wisJom that potential users must be 

considered, or better yet, participate actively in 

development, and especially in implementation, Alter (1976) 

found that J1 of 56 systems investigated were not user 

i11itiated, and 38 of 56 had no active user participation in 

the development stages. The results were not surprising 

when it was learned that of 15 systems where the potential 

usecs did not initiate them nor played a role in their 

development, 1 1 suffered significant implementation 

problems. Conversely, fe~ problems arose in 27 of 31 

systems where the user had a hand in initiating, developing. 

and/or implementing the system. Regardless of who 

originated the concept of a new system, the best approach is 

to devise an implementation strategy to encourage user 

involvement and participation throughout development. All 

in all, the major differencG between success and failure is 

the extent to which managers can and will use the system to 

increase their effectiveness within their own organization. 

That is the criterion designers an<l users of decision 

support systems should jointly ascribe to in exploiting the 

capabilities of today's technology. 

~K~fil£1g§ Qf f£g§~lli ~ystgfil§ 

Examples of presently operating systems are those 
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developed by ORNL, the U.S. Forest Service, and the U.S. 

Geological Survey. 

over the past five years ORNL has developed the Oak 

Hidge Regional Modeling Information System (ORRMIS) which 

has expanded to some fifty computer programs and subroutine 

pa.ckaqes. The Geographic Data Systems group at ORNL has 

developed general purpose computer techniques and software 

which handle data conversion and digitization, data storage 

and retrieval, data manipulation and analysis, and output 

and display of results. Data is converted to a cellular 

datd base for storage to allow manipulation and a 

combination of geographical entities. Graphical displays 

can be produced in standurd cartographic formats. The 

subroutines of OhRMIS include those which can manipulate 

Defense Mapping Agency {Dt'lA) digitized topographic data, 

determine land cover from the Earth Resources Technology 

Satellite {ERTS) data~ regrid EHTS data, and transform map 

coordinat0s {Edwards 1976) • 

The U.S. Forest service has several information 

systems, both tabular and georeferenced styles, in use in 

specific regions. Others are used only on specific forests, 

or specific districts. The only servicewide system 

presently being used l.• c~ .J the Generalized Information 

Manaqement {GHl) system {U.S. DepaL'tment of Agric. 1976a). 

The GIM system<3> is a Data Base Management System and 
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was purchased by the Forest Sarvice in 1971 for use with 

servicewiz.1e, . , reqiona..L, and/or forest data bases and 

information systems. GIM can perform the following data 

illanagement operations: 

"- Store data base structure data. 
- Structure data files. 
- Assign data elements to storage space. 
- Retrieve data elem2nts from storage space. 

Summarize retrieved data elements and print 
them in a user-specific format. 

- Perform arithmetic or algebraic operations on 
data elements. 

- Update (add, chanqc, or delete) data in 
storage. 
Edit data to accept only values meeting 
specified standards. 

- Restrict access to certain files or limit 
operations on portions of files (security). 

- Reestablish a data base from secondary sources 
after computer systems failure or data base 
damage (recovery). 

- Interface with application programs written in 
COBOL or FORTRAN languages. 

- automatically maintain a log of all system 
transactions. ll {U 9 s. Department of Agric. 
1976b:3-4). 

The GIM installation at Fort Collins Computing Center (FCCC) 

is at present available to anyone who knows how to access 

the software, set up a data base, and has an account there. 

The adequacy of hardware and telecommunications facilities 

to provide access to data files is dependent on file size, 

(3) Developed and marketed by TRW, Inc., Redondo Beach, 
California 
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access activity level, and number of users. These are 

parameters of specific data bases ~ith vhich GIM is used, 

and are not determined by GIM 

Department of Agric. 1976b). 

The rJ. s. Geological Survey 

cl1a racteristics (U.S. 

(USGS) has been 

investigating a multitude of uses of the Earth Resources 

Observation Systems {EROS) program. Through this research 

involvement with ERTS 1 Skylab, and other NASA related 

imagery, the Geological Survey has developed several data 

base systems. The Central Atlantic Regional Ecological Test 

Site (CARETS) covers some 73,000 square kilometers of the 

heavily-urbanized region surrounding the Chesapeake and 

Delaware Bays. Another data base is concerned with 

approximately 180,000 squace kilometers in the Ozarks region 

{l\.h~xander 1971l; U.S. DepaL'tment of the Inter. 1974). 

CARETS was designed with the aim of bringing the 

technology of space and information systems together to 

assist in problem solving and planning. It resulted from a 

recent USGS thrust to integrate the contributions of many 

earth sch:nce specialties for solution of pressing problems 

of land use. A location identifier is carried along with 

each data element. Presently, maps themselves constitute 

one of the intermediate steps in the information flow 

process. Conceptually, the intermediate map stage might be 

bypassed with all the necessary data sources yielding 
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digital output like ERTS's computer compatible tapes. 

Manual digitization of mapped detail will become obsolete, 

and the subsequent information flow from source, to data 

base, to analyses, to outputs tor users will be almost 

immediate -- a particularly attractive trait for systems 

which monitor changes. A new geological map has been 

compiled for the region at a scale of 1:100,000. It 

emphasizes surface materials, slopes, and engineering 

characteristics of the terrain. It is most useful when 

overlayed with land use rnaps (data) 

(Alexander 1974). 

by computer programs 

The USGS and the Ozarks Regional Commission carried out 

a cooperative development of a computerized land use data 

base for an area of the Ozarks region. The data base was 

first developed to contain a minimum of information, and to 

possess the capability to be easily and economically 

expanded. It includes land use, delineated in compliance 

with USGS Circular 671 level II categories; political 

boundaries; public land ownerships (Federal and State lands 

as small as 16.2 hectares are shown by administering 

agency) ; and drainage 

Information of Water 

areas, as published in 

Data (U. s. Department 

the Catalog of 

of the Inter. 

Such information systems are useful where large amounts 

of data are required, and where quantitative assessments and 
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manipulations must be performed on the kinds of information 

customarily stored in map form (~lexander 1974}. 

The data base of the decision support system for 

industrial forestLy operations will be one of a class 

beco1aiug known a information system" 

{Tomlinson 1972, cited by li.lc~xander 1974). In such systems, 

georeferencing the data means that each data element has a 

location identifier with it, or that the data element is 

registered by some coordinate system to the ground or 

location which it describes {Alexander 1974). 

Registration of data to ground coordinates permits the 

combination of different data sources in analyses {Durfee et 

al. 1975; Hitchcock et al. 1975),. 

"The prerequisite for composite analysis is that 
all data, no matter what the source, be 
referenced to identical points on the ground. . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Sepacate analysis of each variable provides a 
basic education about its characteristics 
in de p1.~nden t of others, but registration allows 
the analyst to study the more natural 
combinations of variables •••• The addition of 
other information such as ownership, can further 
increase the power of the analyst to 
characterize a resoui:-ce •••• 11 {Hitchcock et al. 
1975: 1522, 1524). 

"The potential of remotely sensed and other data 
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can be further realized only when the 
information is keyed to a specific ground 
location •••• Registering cellular data by ••• 
coor:dinates al.lows: {1) spatial or single 
variable analysis to provide areal sumrnacies, 
(2) over-lay or composite analysis ••• , and {3) 
temporal analysis to detect and predict effects 
over time. 11 {Cox et al. 1975:37). 

There are two basic techniques normally used to store 

georeferenced data within the computer. Data can be stored 

as a set of polygons, described by points or line segments 

a~onnd their boundaries. The other way is to store data 

assigned to certain cells of a uniform grid covering the 

area of study (Durfee 1974). 

From the standpoint of datd processing, there are three 

formats of ?olygons. One is the "line segrnent 11 system 'Where 

each polygon is broken down into line segments, digitized 

manually, to describe the boundaries of a data type (U.S. 

Department of Agric. 1976a). The second is the continuous 

digitization of boundaries using a digitizer without the 

necessity of the operator to note straight line segments. 

The t hir:d is the use of an optical scanner 

( photodensitomete r) which automatically scans scaled down 

negatives of maps and produces negative density tapes which 

are used for automated input to routines yielding computer 

filed polygon boundaries with assigned labels {U.S. 

Department of Agric. 1976h). 



21 

l'ii th cellular areal units, :lata assignments are made by 

storing the dominant characteristic in each cell (Cox et al. 

1975; Durf ·~e et al. 1975), or by storing the centroid 

charact·2ristic the characteristic founJ at the center of 

1::ac h cell (Hitchcock et al. 1975), or by storing the 

percentage of the cell occupied by each variable (Durfee 

1974). The most frequently used cell is the rectangular 

quadrant usually resulting from the use of some standard 

geographical coordinate or grid system (Gardner 1972). 

The ~olygon concept has many advantages. Accui:.-ate and 

detaiL~d. boundaries are not lost 

(Alexander 1974; Durfee 1974; u,. s. 

1976a) ; therefore, resolution is 

predetermined cell size (Cox et al. 

in computer formating 

Department of Agric. 

not limited by a 

1975). However, for 

many po1yqon data types which describe terrain 

characteristics, watershed boundaries, and soils, the actual 

boundaries are relatively subjective compared to political 

or ownership boundaries, and in some cases are nearly 

unrecognizable {Gardner 1972). Polygon storage is important 

when the user is interested in the graphical display of 

boundaries, but gridded data is better suited to complex 

analysis and modeling {Durfee 1974). inherent 

simplicity of registering two or more files of spatial data 

in regularly shaped cells far outweighs the cartographic 

precision to be gained bf recording data in irregular 
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;?olyqons (Smart 1976). 

~hen dealing with natural variables (terrain, soils, 

etc), gridded Jata has the distinct advantage of being a 

true random sample. Two tests were conducted comparing data 

describing topographical features collected b] using 

different methods to see if the different sampling 

techniques caused a significant difference in the results. 

In one study, data was collected by a continuous grid 

method, a random dot sampling method, and a systematic dot 

sampling method. The histograms from the three methods used 

on the same area were extremely close to matching, and the 

mean values and variances differed only in the third decimal 

figure. A second study compared data from random dot 

sampling and uniform grid sampling with data from the total 

population of the area. All the methods proved to give very 

similar results. It was concluded that point sampling gives 

results as good as the analysis of the total population, and 

th1t qenerally, when systematic sa tnpling is done with 

uniform grids, there is not as much bias a'· _., it may seem 

because most terrain chacteristics are in themselves 

distributed randomly (Zakrzewska 1967). 

Point data yields much information when viewed over an 

area. measures do mor-e than slightly describe 

topography at a single point; however, such measures are 

considered primary measures or variables. If a number of 
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primary variables are measured over an area, a vide range of 

sensitive secondary variables can be derived to more fully 

describe the terrain of that area (Gardner 1972). 

Therefore, with good sampling from a grid system, an area 

can be well described. An excellent example of this fact is 

the extensive use being made of the DMA digital terrain 

tapes by the u.s. Forest Service. The Forest Service's 

package of programs called TOPographical Analysis System 

(TOPAS) yields a variety of descriptive products all from 

one input, the elevation of points in a grid system (U.S. 

Department of Agric. 1976). 

Grid cell size controls the resolution or sampling 

intensity. The hest size must match the purpose and data 

type. The TVA system uses a variety of cell sizes from 0.6 

to -110 acres. Ba.xter et al. (1976) notes that most 

decisions to date have indicated two primary levels of 

analyses. For detailed andlysis using 1:24,000 scale base 

map, the 2.7 acre cell appears appropriate. For regional 

analysis using 1:250,000 or 1:125,000 scale base map, the 42 

acre cell size is used. 

detcrmina ti on of appropriate areal unit 

characteristics, be it optimum size and/or shape, should be 

considered in terms of objectivity, practicality, and 

comparability. The size of the grid usually depends on two 

factors: over~ll size of the acea, and the quality of the 
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data (Gardner 1 9 7 2) • A certain resolution of the data, and 

subsequently the grid, necessary depending on the 

particular needs and objectives of the users, and can be 

varied, to a point, for particular needs (Cox et al. 1975}. 

In any case, the nature of the study, the use of the data, 

and the data itself determines the choice (Zakrzewska 1967). 

Coordinate s~stems 
--~---~- -L-----

An important part of computer spatial analysis is the 

reference system used to relate datum to a specific point, 

and points of data to one another (Cox et al. 1975}. There 

are many standard geographical coocdinate systems and 

projections such as polyconic, Mercator, and Lambert 

conformal, but two seem to be predominant the fJ ni versal 

Transverse Mercator (UTM) and the geodetic (latitude and 

longitude) (Durfee 1974}. 

The TVA personnel are using the geodetic reference 

system of latitude and longitude for their data base because 

they feel it to be the most readily adaptable standard 

coordinate system (Cox et al. 1975). There is one major 

disadvantage in using latitude and longitude to define 

JU a.drats. A systematic change in guadrat size and shape 

will occur if the study area covers a wide latitudinal range 

(Gardner 1972). Through the use of a varying scale factor, 

corrections can easily be applied to geodetic cells so that 

the average cell area will be equal to that of a UTM cell 
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{Durfe~ 1974). The program GRIDOT, by Durfee, produces a 

coillputer-drawn mylar grid overlay for use with maps to allow 

for coll size variation with latitude changes (Cox et al. 

1975; Hitchcock et al. 1975). ORNL concluded that for model 

building and analysis a geodetic grid system is far 

preferable to UTM or any other rectangular coordinate system 

{Durfee 197tq. 

ORNL's decision was against using UTM because of the 

?roblem with odd shaped cells at the zone boundaries. In 

t~e OT~ system, the cells are all rectangular with equal 

areas; thecefore, UTM overcomes the problem of the geodetic 

system except at zone boundaries. If the study region is 

not so large or so located as to encounter a DTM zone 

boundary, then there is no problem with the UTM system. 

Otherwise, a number of problems can arise in attempting to 

cope with the odd shaped cells and the change in grid 

orientation when moving from one zone to another. Empty 

cells may be created, and redundant cells may occur with 

datum assigned more than once. Complicated add~essing 

procedures and increased ?rogram complexities are required 

to deal with the problem of zonal convergence (Durfee 1974). 

An aspect favoring the UTM system is that, for 

graphically displayed computer output, transformation is 

necessary from latitude and longitude units to an X and Y 

coordinate system. The UTH system of eastings and northings 
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is such a system. When information is digitized as data 

from maps or other sources, it has X and Y coordinates and 

must be transformed from northings and eastings to latitude 

and longitude for GRIDOT style data files (J~dwards 1976). 

However, many programs are now available, and are becoming 

available, to regrid and rectify data from many sources 

between the UTM and the geodetic reference systems, and 

among many map projections (Durfee et al. 1975; Edwards 

1976; U.S. Department of the Inter. 1974; a.s. Department of 

the Inter. 1975). An example is a generalized grid-to-grid 

transformation procedure developed by Mashburn et al. 

(1975,cited by Gaxter et al. 1976} to facilitate the 

interchange of information among the various geograhical 

information systems whose respective developers chose 

different coordinate ~eferencing systems. 

In conclusion, decisions as to what data should be 

georeferenced, which areal unit is best for assignment of 

data, and which grid system is best to delineate the grid 

cells are typical ones faced by developers of geographic 

info~mation systems. The decisions should be made with 

knowledye of the resolution desired, th8 size of the area to 

be referenced, the use and type of data itself, the nature 

of the study, and the particular needs and objectives of the 

use cs~ 
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There were two major sources of input; one was the 

potential users of the decision support s_yst<.~m for 

industrial forestry operations; the other was the developers 

of similar systems. Infor:nation was first obtained to aid 

in the identification of the basic data types needed by 

pob:-n tia1 users. Next, the sources of the desired data was 

sought. Available computer programs were cited, compared, 

and evaluated for use in the system. 

There was, and should continue to be, involvement with 

potential usel:'s. Forest industry woodlands, planning, and 

operations personnel, eguiprnent manufacturerers, equipment 

dealerships, and other executives or managers af forestry 

related organizations were askea to rank a list of data 

type.s with the importance 

particular information needs. 

in Appendix II. 

of rank reflecting their 

A copy of the questionaire is 

With the desiced basic data types identified, the 

sources of the data were sought with the help of potential 

users, developers of similar systems, and the ENvironmental 

Data indEX/Gnvironmental Data Base Descri pti ans 

(ENDEX/EDBD). The National Oceanographies Data Center's 

ENDEX/EDBD is a faicly comprehensive collection of 

27 
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descriptions of data bases containing environmental data 

(G.S. Department of, Commerce 1976). The output from this 

phase was a list of data sources containinq a description of 

the data, its format and media, availability, cost, and the 

institution or person to contact regarding the data. 

The same input sources were utilized in the search for 

available computer programs which may be adapted or directly 

adopted for use in the system. The results from this phase 

was a list similar to that used to report the sources of 

data. A description of programs now in use at various 

installations and their specific purpose were accompanied by 

a brief evaluation of their suitability to the project 1 s 

purposes. 

Qat~ lln21Y~.i§ 

The returned questionaires were analyzed by ocular 

comparisons of plotted data, and by statistical methods. 

Th t·ee sets of histograms were constructed from the 

responses,. Each set contained 32 histograms, one for each 

variable ranked on the guestionaire. The average rank of 

each data item was calculated by using all the ranks except 

the zero scores. A zero score was given each time an item 

received no rank at all, as was the case when a respondent 

felt the data was of no va.lue to his concerns and left the 

space blanJc. 

Pig. 1 shows an example of the output from plotU.nq the 
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Fig. 1. Example of histograms showing the plotted results 
of the raw data from the guestionaires. 
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raw data. The resulting graphical displays were then 

compared by considering each distribution's characteristics, 

and the number of zero scores. 

Two sets of histograms were necessary due to the two 

ways in which thG respondents replied. Most respondents 

ranked all the items at once. Some ranked the data items 

within each qroup, and therefore gave no overall rank of 

importance to any item or any group. The result was one set 

of histograms for the overall rank of each item, and another 

set to rank the items within their respective groups. Only 

those responses which ranked all the items at once could be 

used to construct the first set. All the responses were 

used in plotting the seco3d set of histograms. 

A third set was plotted which separated the responses 

of the land and mill managing firms from the equipment 

companies. The comparison between the two sectors of the 

industry was made ocularly with ease due to the pronounced 

differences in the distributions. 

The ocular rankings of all 32 items (32 histograms} at 

once was difficult only for the ranks which fell on the 

umid.-J.le ground 11 • The most desired and least desired data 

items were easily discernable due to the absence of zero 

scores and many high ranks in the first case, and the 

absence of high ranks with many zero scores in the latter 

case. Whenever both the ocular and comparison of the 
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aver~ges methods were used, the ocular method vas completed 

first before the averages were calculated. The ocular 

met~oct was used because of the small sample size, and the 

large variety of distribution shapes which resulted from the 

plotted data. It was felt that comparing only the average 

rank would not account for most of the factors in the 

distributions, and for the frequency of zero scores. 

In an attempt to account for the zero scores when 

comparing the calculated averages, one tenth unit was added 

to each item's average rank for each zero score received to 

arrive at a ttbuffered average oc rank". For example, if an 

item's calculated average cank was 3.2, and the data item 

received 4 zero scores, then the "buffered rank 11 would be 

3.6; thereby, increasing the rank from the number one 

position by 0.4. When the averages alone were ranked from 

lowest to highest and compared to the ranked 11 buffered 

ave~agcs", only one switch in rank occurred. However, the 

1'bu£fered rankstt did turn up several rankings of the same 

magnitude. 



A total of 16 questionaires were mailed. Sixteen 

responses were received, but they were not from the same 

population as those on the mailing list. Five people on the 

mailing list did not respond. The additional responses 

resulted from a couple of firms duplicating the questionaire 

and passinq out some additional copies to in-house 

pe ['Sonr.,21. Such action was considered helpful as it 

increased the responses, and included a broader range of 

professional types such as an equipment market specialist, a 

research engineer, and an e1uipment designer. 

QY.££'.!11 .!1~ns Qf ~~h. Jl~!~ J.t2111 

The rankings of the data items listed on the 

guestionaire according to each method of analysis used is 

shown in Table 1. The most desired data (ie. the first one-

fourth data items) were clearly distinguished by either 

method, as were the least desired items,. .For the other 20 

items, only 8 changed more than two positions in rank from 

one method to the other. Of all the items, only the growth 

and removal data rec10'!ived no zero scores. Soil 

trafficability and major forest type each received one zero 

score. Those with two scores of zero were slope steepness, 

slope length, soil association data, and precipitation data. 

32 
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Table 1. Overall rank of each data item according to method 
of analysis. 

1. 
2. 
3. 
14. 
5. 
6. 
7. 
f3 • 
9. 

10" 
11 • 
12. 
1 J. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 

Slope steepness 
Soil traf ficability 
Majoc forest type 
Growth & removals 
Slope length 
Temperature 
Pr:ecipitation 
Soil group, association 
Commercial forest 
No. wood procuring firms 
Hood usi n9 fir ms 
Private forest 
Ownerships 
Elevation-relief ratio 
Hypsometric integral 
Public forest 
Tertiary roads 
Soil parent material 
Aspect 
Employment & income 
Secondary roads 
Presence of water 
i\.gricu1ture 
Urban/residential area 
Major roads 
Woodyard locations 
Navigajle waterways 
Railroads 
No. woodyards in county 
Total population in area 
% population labor force 
Rural non-farm census 

Slope steepness 
Soil trafficability 
Major forest type 
Growth & removals+ 
Slope length+ 
Temperature 
Precipitation 
Soil group, association 
Elevation-relief ratio 
Commercial forest+ 
Private forest+ 
Aspect 
Hood using firms 
Soil parent material+ 
Hypsometric integral+ 
Public forest 
ownerships 
Tertiary roads 
No. wood procuring firms 
Secondary roads 
I1ajor roads 
Presence of water 
Agriculture+ 
Railroads+ 
Woodyard locations 
Urban/residential area 
Navigable waterways 
No. woodyards in county 
Employment & income 
Total population in area 
3 population labor force 
Rural non-farm census 

+ This data item tied in rank with the adjacent item so 
designated, and the two actually share their average 
rank. 



34 

The majority of the other data itens were each ranked as of 

no value (zero score) five or more times. 

The major data needs are a description of an area 

according to slope steepness and length, the soil and its 

properties, the forest types with their growth and removal 

data, and ' l T. n e climatic conditions encountered. Next in 

importance was data describing the area by forest ownership 

categories, and data on the wood using industries in the 

area. Of less importance uas a description of the general 

land cover types and the transportation network. 

Demographic data was considered of little or no value except 

for slight interest in employment and income levels within a 

locality. 

The data items were grouped on the questionaire 

according to the probable data sources. Conceptually, if 

one item in a specific group is highly desired, then it is 

just as easy to get the other data items in that group since 

they all come from the same source, or are all calculated 

from the same primary data type. The soils data group is 

the only one where this concept may prove faulty. Few 

states have recent soil surveys of their counties. Fewer 

still have data available on the state as a whole. Most 

states' geological departments have maps of their geological 

resources from which parent material data can be gathered. 
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The only group who extensively maps areas with a soil 

trafficability index is the Army Corps of Engineers at WES, 

and it has only been done in the past on areas of military 

importance. The concept of grouping according to the data 

source requires that the groups be ranked as well as the 

individual data items. The results are shown, with the 

group's average rank when applicable, in Table 2. 

Again, the major data needs are ter~ain analysis, soil 

and its properties, the climatic conditions, and forest 

cover types with data f~om the Forest Service's forest 

surveys. Data on the forest industry of the area is also of 

some importance. Data on the transportation network and 

demographics of an area appears of little value. 

Ranks within Gcouos ----- --~~ --------
The ranking within each group is important. If all the 

data items in a group are not readily available or easily 

gathered, then it is wise to spend time on those of highest 

priority first. Likewise, if a particular item is of little 

meaning to the understanding of some phenomenon (eg. aspect 

may be a useless parameter of terrain analysis for equipment 

concerns, and was ran~ed accordingly low in the responses), 

then tim2 should not be'! spent trying to analyze and 

distribute the unwanted information. The data items were 

ranked within the groups both by ocular observance of the 

histograms, and by calulating and comparing the averages. 
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Table 2. Bank of data groups according to the method of 
analysis used.a 

1 • 
2. 
3. 
4. 
5. 
6 .. 
7. 
B. 

Topography. Climatic (6. 5) Climatic ( 6. 5) 
Climatic dataill Soils data (9. 3) Soils data (8. 2) 
Soils data a. ·ropogr:aphy ( 10. 8) Topography ( 8. 3} 
Land cover type For. survey (10.8) For. survey(11.6) 
F'o r. survoy data Foe. indust. (16.3) Land cover (18.6) 
. For. industry I.,and cover (18.0) For • indust. (20. O} 
Tran sport.a ti on Transport. (27.0) 'l'ransport. (22.4) 
Derno9r:aphic data nemo9raph. {28,. 2) Demograph. (30.5) 

a Method 1 was a totally ocular estimate of the 
histograms. Method 2 involved the averaging from 
Table 1 of th2 ocular rankings of the items in a 
group. Method 3 averaged the non-ocular rankings in 
Table 1 of group items. 

+ The numbers are the average rank of all the data 
items in the group. 

a These three groups' ranks were undistinguishable by 
the ocular method and therefore were considered to be 
tied for first place. 



37 

Both methods gave the same ~esults which are shown in Table 

3. 

!fgg_ingg.nt Y.S.I§Q§ 1£IlQ QQQ£ging _Eiq!L~ 

There was a noted difference in response between the 

equipment firms and those which manage land and operate 

mills. The responses of the land and mill owning firms 

reflected their industry objectives. They showed little or 

no interest in terrain description variables, but opted for 

soils data in the form of site index or general nutrient 

deficiency, and precipitation data. Their next level of 

interest was data describing the forest industries and the 

number of firms procuring wood in an area, followed by 

growth and removal data with categories of forest land and 

ownerships. It is clear that they are not interested in the 

topographic variables which affect logginq, but are 

interested in whether or not the soil will g~ow trees, and 

dt what rate. Procurement enters the picture when they asK 

for information on firms competing for the same raw 

material, the supply of raw material, and on whose land it 

is located. 

On the other hand, the equipment companies whose job it 

is to supply the loggers with machinery are most interested 

in those variables which describe the working environment of 

an area. They want to know the slopes and micro-terrain of 

an area as the number one priority~ Soil trafficability 
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Table 3. Hankings of data items within groups. 

Topography 
Slope steepness 1 
Slope length 2 
Hypsometric integral 3 
Elevation-relief ratio 4 
Aspect 5 

Soils data 
Soil traff icability 1 
Soil group, association 2 
Soil parent material 3 

Climatic data 
Precipitation 1 
Temperature 2 

Land COVE-)r typGS 
Major forest type 1 
Agriculture 2 
Presence of water 3 
Urban/residential 4 

Forest survey data 
Growth & removals 1 
Commercial forest 2 
Ownerships 3 
Private forest 4 
Public forest 5 

Demographic data 
Employment & income 1 
3 in labor force 2 
Total population 3 
Rural non-farm census 4 

Forest industry data 
Wood using firms data 1 
No. procuring firms 2 
No. woodyards 3 

Transportation networks 
Major roads 1 
Secondary roads 2 
Tertiary roads 3 
ffoodyard locations 4 
Railroads 5 
Navigable waterways 6 
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data, or a surrogate thereof, the type of forest to be 

worked in {major forest type, natural stands, plantation), 

the amounts of material t0 be handled (growth and removal 

data), and the climatic conditions encountered follow a 

close second. Their data 11eeds reflect their objectives to 

design machines to meet demands, and to know the location of 

their markets. 

It was noted that interest in the project was generally 

lacking in the returns from the land and mill managing 

firms. Many companies have in-house data bases on their own 

lands and inventory which are used for projecting supplies 

and demands, and for planning and decision making (Griffith 

1977; Otterbach 1976; Reagan 1976). They evidently saw 

little necessity of another system for their purposes. 

The equipment companies showed keen interest in many 

returns. Of those companies answering the questionaire, 

each returned one or more letters stating their interest in 

the project, the necessity of such data in their planning 

and decision making, and pointing out particular data needs 

not on the questionaire but applicable to the project. 

Perhaps, the industrial forestry information system will be 

primarily used by the forestry equipment companies and 

should be designed to meet their particular decision support 

needs. 
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N£i:t!gn Fe&E.QJl§~§ 

To better understand and identify the data needs, the 

wcitten responses must be considered. 

In fact, 

when backed 

personnel. 

they were the best source 

up by convecsations with 

Written comments include 

of understanding 

several industry 

those on the 

questionaire and those on separate letters or memos. The 

responses are best separated in to groups for discussion, and 

then synthesized for a consolidated view. 

The first group includes comments on terrain and soils. 

The utility of micro-terrain information was emphasized. 

The surface roughness, rock outcrops, ditches, bedding hills 

in plantations, existing stumps, and dead and downed wood to 

ne negotiated often put immediate limitations on equipment 

operations. The most concern was with limiting factors of 

terrain and soil; what an~ the limits of slope, swamps, 

floatation, soil disturbance and compaction. From such 

information, the restriction on sales could be projected if 

the requicements were not met. Suggested surrogates for a 

trafficability index were soil condition descriptors such as 

swampy, rocky, abrasive, or humus soils. Most important 

whe~e soil data is compiled was the need to know the 

coverage acea, the percentage of the land with certain 

conditions, and the extent of forest on those conditions. 

Climatic data was necessary to describe the working 



environment. Maximum temperatures were wanted for design of 

cooling systems. ~inimum temperatures were wanted to design 

heating of operator cabs. The average temperature and 

precipitation was ranked as favorable information, but the 

range of conditions and the f reguency of occurrence was 

specifically asked for by four respondents. Climatic data 

was most wanted on a monthly basis, and was asked for on a 

daily basis in one re~ponse. 

From land cover data, the coverage extent of the major 

forest types was asked to be compiled in the same manner as 

soils data. The description of each forest type was desired 

in terms of engineering characteristics like butt diameters, 

weight, limbiness, and height versus diameter 

relationships. Some of t~e data items may be interpreted 

fcom forest survey datd, but are not of the nature usually 

found in inventory data. A separation of forest types into 

plantations and natural stands was desired with tract size 

data as a high priority. Data on tree spacing within stands 

would he valuable in quantifying maneuver:abili ty 

requirements for equipment used in selection harvests. 

The forest related industries data for an area received 

frequent comments. More than just the numbeE of firms was 

desired. Datd on the type of firm by raw material and by 

end product was desired with data on annual production and 

maximum productive capacity. The employment data was wanted 
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by some. Data on the equipment population and trends in 

harvesting systems common to the forest industry of an area 

was asked for by two equipment firms. 

'IhE': only demographic information valued was on 

employment and income levels in an area to use in analyses 

of wage rates needr::d to retain adeguate operators, 

mechanics, and supervisors. Indicies of operator profile 

and aggressiveness, if possible, was desired as an aid in 

the projection of expected maintenance and service 

requirements, and to help design machine comfort and safety. 

The primary use of a data base with the requested data 

items would be in providing knowledge of the range of 

operating conditions to be 2ncountered, and the frequency of 

occurrence of each given level of conditions. The 

limitations of when a machine had to shut down or become 

inoperable due to the environment was the desired 

inf or ma tion. second major use would be the 

iJentification of equipment needs and market locations. 

Several responses noted that the value of such a data base 

lies in the ability to easily provide the appropriate data 

in a simple, understandable form. 

Two statements of caution were submitted. One dealt 

with predicted demand for new eguipment. This engineer 

noted that the value of a data base in such situations would 

depend very much on the ralationship between what should be 
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and what really is. Many times in reality, the machine used 

is not the one srrited for the job, and considerations other 

than terrain, climate, or forest type govern the purchase 

decision. A demand predicted from data base information may 

never materialize. The other statement noted was that for 

any particular use of the data base, there would probably be 

several critical pieces of data which would be useless with 

any one piece missing. The i:-esearcher concluded by 

res ta ting that the value of the data base would depend on 

the effort required to extract and interpret specific data • 

.Q.!211 ~QQ.££~~ 

Locating and capturing available data is one phase of 

managing a data basP. The objective of the industrial 

forestry information system is to make the data which is 

available from various sources readily accessible for 

specific needs. It is not one of raw data capture. Basic 

research and raw data capture is seen as the role of various 

local, regional, state, and federal groups. It is a 

valuable chore they do. The purpose of the information 

system is to search out already captured data, compile, 

assimilate, manage, utilize, and distribute the information 

in an applicable form to the users. 

The results 0£ the search are grouped into major data 

Within each category, the sources of data, the 

particular data items available, the storage media, the cost 
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(known prices will be listed), and the address for making 

contact are listed. Comments are included in many cases for 

further information or explaination. 

~1ima1.ic Daf.S!: 

Source: National CliBatic Center (NCC) 

Data items: Data items include yearly summaries in the 

form of monthly and yearly averages of temperature, 

precipitation (snow or rain), number of heating days, 

event occurrences {thunder storms, ice storms~ glaze, 

frost), and growth days, with summaries of maximum and 

minimum temperature, excessive precipitation amounts 

per hour and frequency of occurrence, snow depth, 

percent overcast, and evaporation. Data is from some 

9000 stations in the U.S. and territorial possessions, 

and the North American continent. 

r-1edia: Data is stored on computer compatible magnetic, 

nin2 track tape. 

Co.st and availability: Data is 

desires it at the cost of 

$60.00 per tapE:~. 

available for anyone who 

reproduction, normally 

Contact: Director, National Climatic Center, Federal 

Building, Asheville, North Carolina, U.S.A. 28801 

(BNDEX/EDBD). 

Comments: NCC bas the scientific and technical staff to 

make any kind of climatological investigation 



45 

requested, provided that sufficient data of the kinds 

needed are available for the geographical area of 

concern. The NCC has meteorological records collected 

by agencies throughout the world. Their mission is to 

make the data available in suitable form for use in 

cesearch or decisions of strategy and timing. NCC 

will reproduce original observations and records or 

make special data summaries to meet a requester's 

detailed specifications. Services are performed on a 

reimbursable basis for computing 

(Library of Congress 1974). 

Source: Atmospheric Science Library 

cost and tapes 

Data items: Data includes temperature, pressure, wind 

speed, relative humiJity, precipitation, evaporation, 

percent sunshine, s11ow depth, and crop moisture index. 

Data is summarized by raonthly and yearly averages with 

maximum and minimums, and by states and sections of 

the U.S. 

Media: All the reports are publis~ed and stored in 

hardcopy volumes. 

Cost and availability: ~vailahility outside of the 

National Oceanographic and Atmospheric ~dministration 

(NOAA) is on an interlibrary loan basis. Some volumes 

are available at tbe cost of reproduction. 

Contact: Chief, Atmospheric Science Library, NOAA, 
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Environmental Data Sarvice, 8060 13th Street, Silver 

Spring, Maryland, U.S.A. 2 0 9 1 0 (EN DEX/ED B D) • 

Source: Hydrologic Data Lah 

Data. items: Data includes continuous data since 1924 on 

streamflow, precipitation, temperature, evaporation, 

soil moisture, and water table in the following 

Idaho, Nebraska, Iowa, Ohio, Pennsylvania, 

Oklahoma, Texas, Virginia, Vermont, and West Virginia. 

!'1 ed ia: Data is on magnetic tape, with some microfilm. 

Cost and availability: Distribution is not restricted 

and data is available at the cost of reproduction. 

Contact: Chief, Hydrologic Data Lab, o.s. Department of 

Agriculture, Beltsville Agriculture Research Center, 

Beltsville, Maryland, 20705 (ENDHX/EDBD). 

Comments: Some of the data items listed could he 

classified under soils data and listed again under 

that section of Data Sources. 

S:::rn rce: Fleet Numerical Weather Central 

Data items: Data includes weather from 4500 land and 500 

marine stations worldwide, reporting every six hours 

on temperature, dew point, pressure, wind, clouds, sky 

conditions, and precipitation amountsy from 1961 to 

the present. 

Media: There are presently more than 5000 magnetic tapes 

of data being stored. 
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Cost and availability: Data is available at cost except 

for some classified files. 

Contact~ Lt. Comdr. Charles Workman, Fleet Numerical 

~eather Central, Monterey, California, U.S.A. 93940 

(ENDEX/.EJBD). 

22il§. flat2 

The present sources of soils data are localized, 

c.hief 1y by counties and their county surveys. No 

computerized soils data was found, save for experimental 

work reported on by the EROS program. The county surveys 

range from those made in the early 1930's to those of the 

early 1970's. Many counties do not have soil surveys at 

all, and some are presently having them done. The State and 

Private Forestry Division of the U.S. Forest Service is 

doing some statewide maps of major forest soil associations 

for some southeastern states. All soils data that was found 

available is in map form. 

ea rent material, conibi ned with topographic and 

climatological information may be an adequate surrogate for 

detailed soils information where it is lacking. Ther:e is 

usually complete information on the geology on each state 

from which parent material can be extracted. It is not 

known by the author if computerized data of geological and 

mineralogical resources of each state exist, 

available for distribution. 

or if it is 



The EROS program may p~ove to be the future source of 

computer compatible soils data for large areas. Satellite 

remote imagery is used in mapping soils 

differences in soil units on the basis of 

by observing 

known parent 

material, landform, condition of fluvial erosion, slope, and 

associated vegetation. The detail is limited, but for 

regional analysis such soils data may prove usef al 

{hlexander et al.1974) • 

Source~ National Cartographic Information Center (NCIC). 

Data items: The digital ~errain tapes consist of the 

elevation of points located in grid every 208 feet on 

the grounr:i. 

l'ledia: Each data set consists of a one degree by one 

degree block, or one half of a 1:250,000 scale USGS 

quadran9le. Eight data sets can be reproduced on each 

1600bpi computer tape for the IBM/370 computer. Four 

data sets can be copied on each 800bpi tape. Data is 

sold on computer tapes. 

Cost and availability: There is no restriction on 

distribution. The price for each data set is $6.00. 

Each blank tape used to record data sets is $15.00. 

Contact: National Cartographic Information Center, USGS, 

National Center, Reston, Virginia. 

Comm en t.s: The Defense Mapping Agency Topographic Center 



digitized the 1:250,000 scale topographic quadranyles 

for the contiguous 43 states. They first digitized 

the contour lines, secondr various spot elevations, 

and third, stream and ridge lines. The resulting data 

sets were sorted, matched, and resorted to obtain a 

comprehensive set of elevation values for every 0.01 

inch on each map (208 1/3 feet on the ground). Any 

undefined points on the grid were found by linear or 

planar intecpolation. The accuracy is no better than 

the 1:250,000 map manuscripts used. Neither maps nor 

tapes have been subjected to complete vertical 

accuracy testing (U.S. Department of the Inter. ND) • 

Source; USGS Digital Cartographic Data Base (DCDB) 

Data items: The DCDB project has recently begun. The 

resulting data will include digital information on all 

relief (elevation, slopP, aspect, water courses, 

drainage basin boundaries), roads, cover types, 

other public ownerships(federal, state, municipal, 

lands), and political divisions. The results of the 

Land Use Data Analysis 

included in the DCDB. 

(LODA) project will also be 

Media: All data will be stored on computer tapes. 

Cost and availability: The restrictions on distribution 

will be the same as for special USGS cartographic 

products now in map form. The vast majority of data 
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will be openly distributed as are regular map 

products. The cost was not projected# but is expected 

to be at the cost of ceproduction. 

Contact: National Cartographic Information Center# USGS, 

National Center, Reston# Virginia. 

Comments: Since the work was scheduled to begin in 

fiscal year 1976-77, it is doubtful that data is 

presently available. The planni.ng scope for DCDC 

considered a 10 year completion time. The information 

will be digitized from the latest 1:24,000 maps and 

aerial photography available. The estimated 

completion of the relief data for the 48 conterminous 

states is 1980. The rest of the data is estimated to 

be completed by th~ mid to late 1980's. The data is 

plann8d to be made available as work on given sections 

is completed.<4) 

fQ££21 ~1!£Y§:Y Qf!:i-9; 

The major source of this data is the a.s. Forest 

Service's forest survey. The most asked for data in this 

group is the growth and removal volumes by major species 

groups and by location. The forest survey would also have 

data on the amount and size of commercial, private# public, 

C4J Interview 28 July 1976 with Atef Elassal, Project 
Leader, USGS, National Center, Heston, Virginia. 
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and industrial forest. The forest survey is completed once 

every ten years. The information is in tabular form in 

published reports. 

libraries. 

The reports are available in most 

Another source of similar data may soon be the EROS 

program. As remote sensing technology increases, the forest 

survey data may be frequently updated with digital 

information from satellites. Data on the amounts of forest 

land and its ownership classification will be possible from 

the completed LUDA project and the DCDB. With such sources, 

the data will be in a computer compatible form. The present 

U.S. Forest Service forest survey data is on computer tapes, 

but is kept in-house. The use of the data as input to other 

computerized systems while on the tape medium should be 

developed. 

1~aQ ~Qyg£ !YE§ ]~1~ 

Source: Land Use Data Analysis 

Data items: Land use and land cover classification data 

is being compiled by the USGS on four levels of 

detail. The major levels include urban, agricultural, 

range, forest, water, wetlands, 

snow. These classifications 

tundra, and perennial 

have up to dozens of 

subdivisions at the higher levels of detail. Output 

is presently on 1:250,000 USGS quadrangles with a land 

use and cover map as a base map. Overlays ar-e of 
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state lands by managing agency, federal lands by 

managing agency, county enumerat.ion districts, 

political units, and hydrological units. 

I•ledia: Presently, the data is being produced on 

hardcopy. The data will become a part of the DCDB, 

and thus be on computer compatible media. 

Cost and availability: There are no restrictions on 

distribution. The maps now available sell at a price 

from $3.00 to $20.00 depenaing en the level of detail, 

the number of overlays, and the hardcopy medium. 

Contact: National cartographic Information center, USGS, 

National Center, Heston, Virginia. 

Comments: LODA makes use of the latest data available 

from Landsat, Skylab, Apollo, NASA and conventional 

aer ia 1 photography. There were approximately 55 

1:250,000 scale maps completed under the LUDA project 

in July of 1976.<s> 

Data on the transportation networks of most areas would 

have to be digitized from available maps. There are a few 

areas where previous studies have been done in vhic.h the 

transportation corridors have been put in computer files. 

cs> Interview 28 
Project Director, USGS, 

July 1976 with James R. Anderson, 
National Center, Beston, Virginia. 
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In the Southeast. a large part of Virginia, parts of the TVA 

region, and parts of the Chesapeake Bay area have had the 

roads, railroads, and waterways digitized or computerized in 

some form. The DCDa of the USGS, when completed, will 

contain the entire transportation network in a uniform 

format for the United States. 

}2at~ lIQill lh.£ Cell§.!12 

Source: Quick Query Reference Service. Quick Query is a 

data base reference service intended to allow users 

to identify, select, accumulate, categorize, and 

receive required data in an effective, readable 

format without having to acguire their own basic 

data files. The system contains more than 

reels of magnetic tape. 

10 00 

Data items: There are five major sections of data files. 

1. 1970 Census Data Files: The files contain data 

elements that can be referenced on social or 

economic characteristics, age, race, sex, marital 

status, residence, income, .labor force, or 

employment. Every data element from the first and 

fourth count su~mary tables is available by the 

following geographical divisions: Total U.S.A., 

state, county, and enumeration district. 

2. county and City Data Books - 1952, '62, '67, '72: 

The files contain county level data from the city-
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county data books for the specified years. Items 

include age, race, sex, land area, urban and rural 

population, nativity, parentage, population 

change, migration, vital statistics, housing, 

income, employment, unemployment, occupation, 

trade, manufacturers, agriculture, and level of 

living. 

3. County Business Patterns 1964, 1 65- 1 70: The 

4. 

files contain the number of employees, taxable 

payrolls, and total number of reporting units by 

employment size class. Ea.ch county file is 

organized by th2 Standard Industrial Codes (SIC) 

within the county and state. Fol:' the years 

1965-70, data is available dt the four digit SIC 

county level. There are state level summaries. 

Eacn year is a separate file. 

Irlcome File - 1929, '40, 1 50, 1 62, '65-' 70: The 

files coritai n per ca pi ta income, total personal 

income by wage and salary disbursements, other 

labor income, proprietors income, farm and non-

farm income, pcoperty and tr<1nsfer 

social insurance payments, total earning 

payments, 

by farm 

and non-farm, total government earnings by federal 

civilian and military, state, and local public 

employef:s, income to private manufacturing, 
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mining, construction, transportation, 

communications and public utilities, wholesale and 

retail traile, finance, insurance, real estate, 

services, and others. Data is aggregated at two 

love ls, county or standard metropolitan 

statistical areas. 

5. Location of Manufacturing Plants - 1958, '63, 1 67: 

The file contains statistical information 

pertaining to numbers of plants and employees in 

each SIC category for each county in the U.S. 

Data elements are SIC codes and number of plants 

by employment size class (1-19, 20-49, 50-99, 

100-249, 250-498, 500-999, and 1000 or more). 

Hedia: Q11ick Query's normal output is tabular reports 

and line printer maps on hardcopy. Special request 

may be made for output on magnetic tape. 

Cost and availability: Contact the office below 

concerning availability and prices. 

Contact: National Technical Information Service, 

Computer Products Office, 5285 Port Royal Rd., 

Springfield, Virginia 22161. 

Comments: The user must describe and identify the data 

elements to be considered, pertinent geographic areas, 

parameters for quantitative and qualitative desired 

limitations, meaningful accumulations and ratio 
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calculations desired 1 anJ the preferred sequence of 

presentation. Data files are or can be formatted to 

permit custom retrieval of specified data elements. 

If special searches are not wanted 1 copies of specific 

census files may be directly purchased for 

approximately $97.50 per tape. All tapes are IBM 

compatible seven track Bed odd or even parity 1 or nine 

track Ebcdic or Ascii odd parity. Many data files are 

available for direct purchase from the Bureau of the 

Census, ~ashington, D.C. 20233, but prices for the 

magnetic tapes were not listed 

Comme~ce 1976). 

(U.S. Department of 

The desired data for use by the industrial 

foLestry information system, he it demographics or 

industrial data, may be supplied by specific data 

files al~eady on tape, and the expense of a search may 

not be needed. However, to use the Quick Query system 

to reformat files may be profitable and facilitate the 

adaptation of data to the new system. The extent of 

data on the wood using industry, especially that 

called for by the written responses to the 

questionaires, is Dot presently known by the author. 

The census data may include information of 

transportation networks in areas. Further inquiry at 

the above address is the next step for the answers. 
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Sourc'-'" : EEO s Data Center 

Data items! The EROS Data Center provide access to all 

Landsat imagery, aerial photography of the u.s. 
Department of the Interior, and photography and 

imagery from NASA's research aircraft, skylab, Apollo, 

and Gemini missions. 

I1edia.: The multispectrdl scanner digital tapes can be 

ordered, or photographic products may be purchased. 

Cost and availability: It varies with specific orders. 

For best information, contact the center or one of its 

lnanch officc~s. 

Con tact: EROS Data Center, U.S. Geological Survey, Sioux 

Falls, South Dakota, 57198. 

Comments: The primary functions of the EROS data center 

are data storage and reproduction, user assistance, 

and user training in application and use of remote 

sensing. Scheduled workshops exist to guide and 

assist user3 of data for their special purposes (U.S. 

Department of the Interior 1975) Hemote sensing 

continually shows its usefulness in many areas of 

a2plication. It is fast becoming a major source of 

land cover type data, snow depth and extent of 

coverage information, and soils data on a regional 

basis. The EROS Data Center also has a library which 
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is open to all pe~sons who want or need to know the 

latest applications of remotely sensed data. 

Data base technology is undergoing rapid change and it 

is no easy task to match a Data Base Management system 

(DBJ"iS) with each proposed data base. Correct determination 

of the suitability of software packages to individual 

requirements of ten evolves over time as testing and fine 

tuning takes place (U.S. Department of Agric. 1976a).. The 

list of commercially available generalized DBMS systems is 

long and still growing. Palmer: (1975,cited by 

Schwarzbart 1976) published a rather exhaustive list and 

detailed description of several systems which can aid in the 

selection of generalized software (Schwarzbart 1976). 

A present DBMS, as a unit package, may or may not 

include all the necessary software to meet user 

requicements. A complete operating package consists of 

sev2ca1 parts. The following areas of software ~ere 

classified into modules by function: 

1. File Building Module: The ficst operations ace to 

open, structure, and initialize storage space 

followed by inf or ma ti on storage and retrieval 

processes. This module is the actual building of the 

computerized data base by creating and filling files 

with data. All subsequent modules are built on to 
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this foundation and manipulate the data or act as 

interfaces between the data files and users. 

2. File Management Module: This module represents the 

3. 

4. 

routines which allow easy access, use, and 

maintenance 0£ the data files. The programs edit, 

update, or change file formats of accessed data for 

use by subsequent modules. At this stage, output can 

be either dumped directly to users or input to the 

following phases. 

Analysis Module: The dnalysis module performs 

typical data manipulation procedures. Durfee (1974) 

identified the procedures desirable in any 

geographical information system. They are composite 

analysis of unions or intersections of specified 

characteristics, calculations of areas by acres or 

percentages, reinterpretation by re scoring or 

ranking, cdlculations of indices as a function of raw 

variables, interpolation or extraction of known data 

to fill in voids, and calculations of proximity to 

specified features 

algorithms. 

through the 

Input/Output Interface Module: 

use of search 

The final module 

consists of the interface between the user and the 

system. Sophistication of this phase ranges from 

standard input/output devices with programs to 



60 

generate reports, summary tables, maps, line plots, 

and various graphic output to natural language 

interpreters and interactive time sharing 1 • {,evices 

with the celated suppo~ting software. 

From the literature a11d conversations with computer science 

personnel, it is believed best to develop any system in a 

modular fashion. Modules not only facilitate an easier 

conceptualization of the total system and the component 

interactions, but allows evolutionary development of system 

sophistication to match the users' needs, and allows greater 

ease in locating and correcting software errors. 

An evaluation and comparison of all the software 

possibly useful in the informational decision support system 

for industrial forestry operations was not feasible; 

however, many software capabilities were explored and 

several types of softwarG packages are discussed below. 

Each package's orientation and uses are discussed, followed 

hy some evaluative and comparative statements and 

recommendations. 

The first software packages to be looked at are 

complete systems which contain, to varying degrees, all four 

modular components enumerated earlier. Schwarzbart (1976) 

notes that the large packages, which consist of many 

independent programs ctnd/or subroutines, are used to perform 
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most or all of the general data management operations 

referred to below, but they do not provide response to "what 

if" type questions or to queries which require considerable 

analytical manipulations. Separate application programs 

must be used to perform extensive analyses and may he added 

on to the analysis module of the system .. However, not all 

the complete package systems are modular in structure. 

permitting easy addition or deletion of selected components. 

GIM 

performs all of the data management functions referre~ to by 

Schwarzhart (1976), which are the first ten functions listed 

on page 16, plus the two others listed. GIM's primary 

function is to store and retrieve data in computerized 

files. Because of GIM's characteristics, it will most 

likely provide positivA benefits when used with data base 

systems whose operational requirements match the following: 

(1) the capability to query data files is needed along with 

standard reporting capabilities; (2) query responses are 

often required within a short time and are of a non-standard 

nature; {3) a relatively simple internal re la ti onship exist 

between files in a record; and {4) inverted file capability 

can be established to aid in most conditional searches. 

Several operational restrictions exist. When complex 

logical file structures are used, file set up and data 

handling become more difficult. Preparation of structured 
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repoi:ts re•]ui r:es detailed knowled9e of file architecture and 

programming skills. Conditional searches of non-key record 

fielJs decrease efficiency as file size increases. GIM does 

not allow complete logical or physical data independence 

from application programs. Forest Service users of the GIM 

system report a lack of in-Service technical support as a 

serious J?rohlem (U.S. Depd.rtment of l~gric. 1976a). It is 

interesting to note that GIM was developed outside the U.S. 

Forest Service and then purchased by them. 

Ql:-rni'.11~ - Q£1s. Iii:l9.Q .tg_gi on:ll: r:tQsi.slin_g 11r£Q!Jll9.:.ti.211 ~Y~.t2m-

o RR Mrs is ORNL's system to handle storage, retrieval, 

dis;:->1a y, and 

servic(~s to 

special communication and 

£H·ovide input to land 

data handling 

use models and 

simulations. ORRMIS has six subsystems, each containing 

numerous routines which interact with one another to 

complete the system. The subsystems are geographical data, 

model and simulation communications, remote sensing, 

topographical analysis, census data, and the user language 

interface subsystem. ORNL has chosen the ADSEP Generalized 

Record Format for their record structure. such a record 

structure allows programs to manipulate data files by name 

or location within each record. Records are self defining, 

relocatable, and of variable length. Data files can be 

referred to by name, index, or displacement. Editing can be 

done with minimal disturbance to the rest of the 
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information. However, all of the programs used to open, 

initialize, define, store data, and file records (programs 

which form the building blocks of a data base system) can be 

us8d with any type of record structure (Durfee 1974). 

DBMANG is not a fully 

generalized DBMS like the previous two. It is used in 

conjunction with the CONGRID system to form a package which 

encompasses all four modules. ilBHANG is used to help build, 

fill, easily edit, update, and manipulate files in the data 

b 3.S 2. Records are of variable format. The CONGHID/DBMANG 

system is presently operating with up to 60 

data characteristics defined in grid cell 

system is operational on both the Univac 

IBM/370 computers (Hokans 1976). 

map layers of 

fashion. The 

1108 and the 

MARK IV has capabilities 

such as ;1utomatic file maintenance, retrieval of specified 

data, computation, and report pre para ti on .. Its major 

importance is as a tool for the implementation of complete 

systems. The basic entity is the file (data base), and the 

aim of NARK IV is to logically structure and process 

information in the data base. l description of each file's 

structure is processed independently of the file itself. 

The descciptions, containing structure, format, and the 

records in the file, ace stored in a MARK IV dictionary. 

The transactions of creating or updating files are also 
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defined and stored in the dictionary. Through MARK IV's use 

of its dictionary, a user can request information or invoke 

maintenance operations in a logical manner regardless of the 

physical s~ructure of the data base (Informatics, Inc. 

1976). 

A second group of software packages to be discussed are 

those whic.l:l analyze, quantify, and describe terrain 

characteristics. Those covered here range fro~ packages 

containing many routines to single programs. 

(Waterways Experiment 

station). The system developed by the Army Corps of 

Engineers at WES is a broadly applicable quantitative 

terrain description system used to solve • . . . 1 •. · various m1~1tary 

and civilian terrain-vehicle interaction problems. The 

basic components are three dimensional geometry 

description process, and the description of the physical 

qualities of the terrain. Descriptions are obtained from 

literature, ground measurements, air photos, and remote 

sensors, yielding relevant and accurately detailed terrain 

data in terms of ctn aggregate of factors. Each factor is 

known to affect specific items oi material or activity of 

interest. The system includes monitoring of data gathering 

devices, translations, and computer functions of data 

reduction and ana 1 y sis. Output is usually tabular or a 
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graphical display.<6> 

'.tQ2lL~ - 1'.QPog£~E1Li£~l !1!12.lY.2.i§ ~.Y§1_g.m. TOPAS is a total of 

20 programs developed for the collection, manipulation, and 

analysis of digital terrain data. Output products include 

contour maps, isoslope plots, drawings of slope zones, 

drawings of aspect zones, perspective views, delineation of 

visible areas from view points, perspective contour views, 

slopg or aspect zone data, and cross-section elevations for 

road designs. TOP~S can utilize non-gridded data (random or 

irregular points of elevation). However, the most used data 

is gridded data, chiefly from the DMA digital terrain tapes. 

The subset of programs which generate digital terrain data 

from topographic maps or air photos is DTIS (Digital Terrain 

Information System). With DTIS, raw data is digitized 

directly from base maps, or collected from a phatogrammetric 

stereoplotter. Both are manual functions. The value of the 

DTIS programs lies in the ability to speed up the manual 

digitization process by requiring non-gridded data. The 

number of points to be digitized to fully describe an area 

is greatly reduced. Only ridge lines 1 knobs, saddles, 

stream courses, and majoc breaks in slope need to be 

<e> Supplement to letter dated 9 July 1975 from Heywood 
T. Taylor# Assistant Director of Engineering, D.S. Forest 
Service, Washington, D.C. 
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digitized. The programs convert the random point data files 

into gridded terrain data Eiles usable by the complete TOPAS 

system. The major limitation of TOPAS is that none of the 

programs can accept a full DMA tape set of about 2,000,000 

data points for •?ach one degree by one degce-e block. Only 

14,641 points can be handled in an analysis (U.S. Department 

of Ag ric. 1976). The terrain analysis subsystem of ORBMIS 

at ORNL has capabilities very similar to TOPAS. ORRMIS does 

have the ability to overlay information such as strip mines, 

stream channels, or point specific features like houses or 

industries on the various terrain output products (Durfee 

1974) • 

.!l~GS T2.L£S.i.!l Qigitiz.it.ti21l· The USGS has recen t1y acquir::ed 

the necessary hardware and software to automate the 

collection of digitized data from stereo photos. The 

Gestalt Photo Mapper II automates the transformation of 

aerial imagery into an orthographic pr:ojection of terrain. 

The analytical model is scanned and continuously transformed 

according to electronic correlator measurements until the 

corcesponding images from both cameras for a small area are 

in register. In the process of registering images, a dense 

digital terrain model is generated. Thus, by systematically 

transforming the model's registered areas, a complete 

orthophoto and contour plot of the stereo overlap area can 

recorded photogramrnetrically at photo scale. 
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Simultaneously, a digital terrain model can be recorded on 

ma9netic tapeC7) {tl.S,. Department of the Inter. 1976). 

operates on rectangular arrays of equally spaced elevations. 

It pLoduces a list of terrain parameters which include 

coordinates, elevation averages, maximum relief, average and 

maximum slope, and slope azimuths or aspect. It also 

classifies areas by topographic shape and location as a 

slope, ridge, valley, knob, sink, or saddle. Point 

f reguency distributions of maximum and average slopes are 

generated. TOPO III also generates freguency distributions 

of areas comprising contiguous points of the same 

topographic shape along with symbolic maps and topo shape 

maps. TOPO III has been used foe slope studies, terrain 

analysis, and terrain classification (Grender 1976). 

Whenever inf orma ti on is 

digitized, it is usually in a:a X and Y coordinate system. 

The data is then converted to various geographic coordinate 

systems for storage, analysis, or display. Software to 

convert da.ta among X,Y coordinates and the various 

C7J A large group of 
available for use by 
institutions, and some 
operation is provided. 
National Center, Reston, 

USGS machinery and facilities are 
private firms and educational 

limited help in instructions and 
Inquiries may be made at the USGS, 
Virginia. 
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geographic systems is very useful. The USGS and OHNL have 

many such programs. OBNL has MAPPROJ2 which is a set of 

FORTRAN map projection subroutines. It can convert latitude 

and longitude to northinqs and eastings and vice versa in 

any of the four projections, Lambert conformal, Albert's 

equal arear Polyconlc, and Universal Transverse Mercator 

(Edwards 1976). The USGS has a host of programs written in 

several languages and which operate on various computers. 

The programs convert data among X,Y coordinates, latitude 

and longitude, UTM, and state plane coordinate systems (U.S. 

Department of the Interior 1976). The ORNL and USGS 

programs mentioned are operational on an IBM/370. 

A third group of software represents the two major ways 

O ·F .. capturing, storing, and displaying geographical 

information. One method is a polygon system for delineation 

of the characteristics of a data type. The other is a grid 

system for sampling the characteristics. 

WIGS is a 

polygon mapping system which utilizes either optical scanner 

or manual digitizer input. WRIS, like most polygon systems, 

is best suited where accurate polygon representation is 

reg ui.I" ed. For map layers whose polygon density is high, 

systems such as WRIS which utilize photo reduction and line 

scanner techniques are preferr2d over manual digitization 
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techniques wben the necessary hardware is available. WRIS 

stor-es arrc1 repeatedly processes information gener-ally 

assembled on type maps. output products are line plotter 

maps with polygon acreages reported individually or summed 

according to selected cr-iteria. Intersection and union of 

map layers are performed and new polygons are delineated and 

stored which can in turn be used for overlay analyses. WRIS 

has high cost and is justifiable only where it is 

unreasonable for manual map manipulation, and where high 

accuracy is required {U.S. Department of Agric. 1J76a). 

Laver ;..__..._ __ PI.OT stores a 

record of coordinates which decsribe the boundar-y of a 

an alphanumeric label for each record. 

Boundaries of adjacent polygons are stored twice. PLOT's 

principle function is to overlay the same areas of two map 

layers, creatG a new laye~, and calculate the new acr-eages 

of the new polygons. Map inputs must be identical in scale 

and coordinate zero point on common base maps. PLOT is 

expensive to use when compared to grid cell systems, but it 

also provides for a printer graphic output option (U.S. 

Department of Agric. 1 976a) • 

LI,;i, B.1£1!£, i:lll!Q.2.2· All three are grid cell systems and are 

running on the Univac 1108 at FCCC. The working principle 

Eor the three mapping systems is to divide map areas into a 

cell matcix with cell units equivalent to two printer 
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characters. A cell represents a map area of 1/30in2 

{0.21cm2) when printed. The land area represented by one 

cell is calculated from the map scale by the computer. 

Areas of uniform characteristics are assigned a unique two-

character alphanumeric code. overlaying of map layers is 

done by pairwise comparisons of the codes in cells 

representing the identical geographical location. ~I~ (Land 

Inventory napping) is presently operational, but 

improvements are still being made. LIM incorporates several 

features designed to increase system efficiency. The latest 

improvement is in tho overlay routine which achieves major 

reductions in processing costs for map layers with large 

homogeneous areas. LIN can accommodate and manipulate 

topographical data and provides for a quad system to orient 

maps located within d given boundary such as a state. LIM 

documentation is complete. (Region 3 l'l ll p) 

documentation is also complete and a training film for field 

use is avaiable from the U.S. Forest Service. A particulaL" 

advantage of R3~AP is that the size of the map which can be 

processed is not bounded by the core size of the computer. 

(Map Information Assembly and Display System 2nd 

version) is used extcnsi v•2ly hy the U.S. Soil Conservation 

Ser:-vice. Documentation is complete. MIADS2 offers special 

statistical summacy options lacking in LIM and R3HAP. All 

three are useful mapping tools where visual clarity of maps, 
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fidelity of area boundaries, and precise evaluations of 

areas are not highly important. Their operation is 

appreciably less expensive than the use of line and polygon 

mapping systems (U.S. Department of Agric. 1976a). 

Jl~£.Y~£.i Q.E.~Q.. 'l'he Harvard G.RID translates guan titati ve 

geographical characteristics into shaded map areas which can 

be produced on a line printer. Light areas represent low 

values and dark areas represent high values. Processing 

options consist of extracting selected areas from a map 

layer and overlaying two or more layers. The other grid 

systems mentioned previously are limited to t~o map layers 

per overlay analysis. GRID can handle up to nine layers at 

once. It also provides quantitative output such as 

statistical area summaries and histograms. The shading 

which visibly highlights prevalent features is done by 

certain printer characters or overprinting, but the system 

is limited to 11 distinct codes for data output (U.S. 

Department of Agric. 1976a). 

~Q.RQBIQ - CO.fiyg£.~rn.:t.i211,g_l §11.IQ. CONGHID is a generalization 

of the Harvard GRID program. Its purpose is to visually 

display, as a grey scale, aggregate data from various scale 

base maps or from computer tape or disk file systems. It is 

capable of efficient data manipulation, overlay analysis, 

and searches. CONGRID only handles three sets in union or 

intersection analysis, but each of those layers may be 
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compl(~x sets. It can perform linear combinations which is 

the most versatile and powerful feature available in the 

system .• The output can be routed to line printers or 

submitted as input to other routines (Hokans 1976). 

CMS is a computerized 

capability for merging coincident sets of digitized map data 

into differently weiyhted combinations or composite maps. 

The system stores data at any scale in a 120 x 120 array of 

grid cells. The design scale is a cell size of two minutes 

latitudE:• by two minutes of longitude. Scale reductions 

of 1/2, 1/3, 1/4, or more are possible. c~s can produce 

• 1 r t ~;;ing· e tac or: or multiple factor maps. Sin9 le factor maps 

can represent zones of accessibility to linear or point 

pnenomena such as transportation or power networks or nodes, 

isopleth maps, or location maps depicting land use. 

Multiple factor maps are produced as differentially weighted 

combinations of up to 120 different weights per map layer of 

up to 120 different single £actor maps of the same area and 

CMS is sold at cost with documentation. It is 

written in FORTRAN for use on a Univac 1108. CMS is part of 

the services provided unJer the Quick Query Reference 

Service in conjunction with ceasus data (U.S. Department of 

Commerce 1976). 

CLOVER•s 

purpose is to visually display the land classification data 
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base for an area. It locates the requested combination of 

descriptive classification variables for data cells and 

displays the results as a line printer map. There is one 

character per cell on the output map. The strength of 

CLOVER is its simplicity of operation; however, overlay 

analyses are limited to intersections of data sets. CLOVER 

is good for quick and simple overlays, and may best be used 

as a routine in a larger data base package (Hokans 1973a)~ 

best. 

It is generally accepted that a modular structure is 

T' _.. T. <illows bt~tter control over: system deve lopm(~IJ t .. 

The system can evolve with easily made incremental changes 

ilS the situation, sysL'!m er i ter ia, and ill-defined 

parameters are gradually clarified through testing and 

operation. Kiviat< 8 > advises that a system should start 

simple and grow. The ~anagement Sciences Staff of the U.S. 

Forest Service {U.S. Department of tgr:ic. 1976b) notes that 

systems are most often evolutionary by nature because it is 

no trivial decision whether an existing system fits the 

ca> anpahlished talk at Seventh Annual Virginia 
Computer Users 1 Conference, Blacksburg, Virginia given 25 
March 1977 by Philip J. Kiviat, Technical Director, Federal 
Computer Performance Evaluation and Simulation Center, 
~ashington, D.C. 
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requirements or can he readily adapted. The dominant 

situation is when the problem itself is at best unclear, the 

boundaries and parameters are unknown, and the objectives 

and criteria for problem resolution are expressed, if at 

all, a ,-_, vague f ir:st approximations~ The problem's 

characteristics slowly emerge as the problem is addressed 

through trial operations. Continued interaction between the 

development group ana potential users facilitates problem 

conceptualization and definition. 

When system parameters ~re reasonably well defined in 

advance, direct system development is possible. The 

objectives, criteria, and boundaries of the problem and the 

decision process must be relatively well known and 

understood to assure that d single attempt will develop a 

successful system (U.S. Department of Agric. 1976b) • In 

such cases, Kiviat's< 9 > advice still holds as he explains 

that mo.st managers w oul a. rather have some 9ood 

appcoxirnations in more of a real time aspect than out of 

cont(~xt, exacting inf or ma ti on from a full blown syst<:;m at a 

later date. 

Only when the situation is relatively clear, definite, 

and well understood is direct purchase a wise action. Such 

<9 > Q2- £ii· 
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action is mostly limited to specific purpose programs rather 

than complete system packages. When a suitable program or 

set of programs is already on the market which in its 

present or modified form fits a user's meeds, it is often 

economically advantageous to buy that software. Even with 

some modification cost, such system acquisition tends to be 

more economical than new system development (U.S. Department 

1976b) • It is probable that major efficiencies 

could be realized if procedures were directly adopted or 

sli3htly modified from available packaged procedures. It 

may often prove fruitful to buy programs directly from 

commercial vendors whose business it is to program 

efficiently (Smar:t 1976). 

Hhether: direct purchase, direct development, or 

evolutionary development action is taken, clinker<101 warns 

not to overdevelop a system. If one has a system which can 

operate simply and purposefully, then there is no need to 

get wound up in technological levels of natural language 

input/output, or syntactical Qnalysis. such generalized 

systems of highly sophisticated packages cause wasted time 

<to> Unpublished talk at Seventh Annual Virginia 
Computer Users' Conference, Blacksburg, Virginia given 25 
March 1977 by Dr. Jack Minker, Chairman of the computer 
Science Department, University of Maryland, College Park, 
'."lary1and. 
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ir1 input/output and in the maintenance required to keep them 

up. A simpler, more direct system is best. 

The development of the information base for industrial 

forestry operations seems midway between direct purchase and 

direct development of software. The system is recommended 

to be modular in structure so that component programs which 

perform specific functions can be directly purchased and 

easily added. Direct development will most likely entail 

development of the necessary software to interface the 

procured operational components. Some system evolution will 

take place as system growth proceeds and will best be aided 

by consciencious interaction between developers and users. 

The complexity of the system should be limited to the first 

three mod11les, plus only the standard interfaces from module 

four. No natural language interpreters should be appended, 

rather input/output should be done through an intermediary 

person between the information base and the users. Thus, no 

wholesale adoption of a generalized DBMS should be looked 

into at this time with the exception of the MARK IV File 

Management System. MARK IV is already operational at V.P.I. 

& s.a. and may be an asset instead of a burden of 

unnecessary sophistication. It depends on how far the use 

and therefor2 the development goes before the system should 

be supplied with an interactive interface between the data 

files and the users. 
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What should he considered for adoption are specific 

purposo software packages. This would consist of single 

programs or subsets of larger packages. With the assumption 

that development will occur at V.P.I. & s.u., the programs 

should be operational on the IDM/370 computer, or be easily 

converted from other brands. Those programs which seem the 

least applicable to tho projected uses of the industrial 

forestry operations system are the polygon storage and 

analysis routines. Smart (1976) and Durfee (1974) recognize 

that gridded data is better suited to complex analysis and 

modeling. The simplicity of registering spatial data in 

regularly shaped grid cells far outweighs the cartographic 

precision gained by using polygon systems {Smart 1976). 

Therefore, the various grid cell overlay analysis programs 

should be considered for direct purchase and adoption. 

Other direct purchase software should be limited to packages 

which would make up the first and second modules. Those 

routines which appear to be the most useful in the 

industrial forestry system are listed in Table 4 with 

comments on their suitability. 



73 

Table 4. List of 
industrial 
system vith 
system. 

software potentially usable in the 
forestry operations information base 
remarks on their suitability to the 

ORRtHS phase I+ 

CONG BI D/DBl'l ANG+ 

.LH1++ 

These are the foundation subroutines 
used to structure, initialize, and fill 
the data files. These programs prodace 
the basic building blocks on vhich a 
geographical data base is built. 

This combination provides a good, but 
not over-sophisticated, data base man-
agement system along with an overlay 
analysis and display system. 

It is operational at v.2.1. & s.u. and 
is supported by the Computing Center 
Technical staff. with their expertise, 
MARK IV may prove extremely useful to 
the industrial forestry system. 

As a separate overlay analysis and dis-
play system, it is not limited to a 
small number of distinct output codes. 
It has special features which increase 
its operational efficiency. It is a 
grid cell system which can accomodate 
and manipulate topographical data. 

+ Operational on an IDM/360 or 370. 
++ Operational on a Univac 1108. 
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List of software 
industrial for8stry 
system with remarks 
system (continued). 

potentially usable in the 
operations information base 
on their suitability to the 

ORRMIS topography 
analysi.s subset-t-
an<l/or 

Some system of three dimensional analy-
sis and display is desirable for use 
with the DMA digital terrain tapes if 
special studies of areas are requested. 
The OR3MIS subset can overlay gridded 
data on the topographical information. 
Certain TOPAS programs would prove 
extremely valuable if manual digitiza-
tion of topography were reguired for 
certain areas. 

TOP As++ 

TOPO III+ 

MA.l?PROJ2+ 
A207+ 
,J 38 l+ 
fi5377+ 
B432-1-

It would be a viable substitute for the 
more detailed terrain analysis systems, 
plus it classifies areas by terrain type 
and provides statistical summaries. 

~hese coordinate conversion routines 
will he very useful in the process of 
standardizing the data from the various 
sources to the chosen coordinate system, 
or in any manual digitization process, 
or when transferring requested data to 
other systems., 

+ Operational on an IDM/360 or 370. 
++ Operational on a Univac 1108. 
~ A207# J381, W5377, B432 are available from the USGS. 



The information needs of forestry equipment companies 

and land managing firms were identif i.ed through 

questionaires, letters, comments, and conversations, The 

most desired data items are those which describe the 

operating conditions in an area. Slope steepness and 

length, soil trafficability or surrogate measures, forest 

types and volumes normally handled, and the climatic 

conditions are the kinds of information needed for the 

descriptions. Of second priority was data which would 

further depict an area by the categories of forest 

ownerships and use, the complementing land cover types, and 

the local wood using firms, their product, raw material, 

productive capacity, procurement efforts, and employment 

levels. Of low priority was data needed to describe the 

transport.a tion networks of localities, and the demographics 

of the population. 

There were differencgs in the data needs of the land 

and mill operating companies versus the equipment companies. 

The land and mill owners were chiefly interested in site 

data which described the quality for tree growth, soil 

nutrient deficiencies and rainfall. Their interest in 

industry data was directed toward the number of wood using 

firms procuring in an area and the available fiber in the 

80 
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major forest types which is information for competitive 

strategies. The equipment sector of the forest industries 

showed their major interest to be the description of terrain 

and analysis of the frequency of occurrence of conditions 

which limit operational effectiveness of machine systems. 

They were interested in industry data on the firms, their 

product, the raw material handled, their capacities, their 

equipment populations, and trends in the mechanized systems 

used in an area. They could use such data to identify 

equipment needs, and locate marketing efforts. 

Additional comments identified micro-tecrain data as 

needed information. It is possible to extract snch 

information from other sources. Rock outcrops often denote 

the presence of large stones and rocky terrain. When 

plantation data is gathered, tree spacing data and whether 

bedding humps exist should also he gathered when possible to 

help describe the micro-tercain conditions. Data on soils 

and forest types were suggested as best presented when 

expressed as percentages of areas in counties, or grid 

cells. Climatic data was suggested to include ranges and 

frequency of occurrence of certain conditions as well as 

monthly averages of weather parameters. 

The eguiprnent firms showed strong interest in the 

project and were the major source of potential user input. 

Interest among the land and mill owning companies was 
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minimal. The responses were sparse in number and nature. 

It was learned that most land managing firms have in-house 

data bases. A few equipment men said they once tried to 

utilize the information in such a data base, but so much 

interpretation and extraction was required for their 

purposes that it was not worth it. The statement is in 

agreement with the findings of the different data needs 

between the two segments of the industry. ThP conclusion 

would be to aim further research at the informational 

requirements of forestry equipment manufacturers where it is 

most needed and wanted. 

The data sources are numerous, and most of the data is 

available in machine readable form. Climatic, topographic, 

and census data on population parameters, industry, and 

business is readily accessible on magnetic tape. Forest 

survey data is on tape, but will require more work to adapt 

it into a usable format for the proposed system. Land 

cover, ownership, and transportation networks are becoming 

available in accurate, detailed, and machine readable form 

as two USGS projects proceed. The biggest gap, and area 

requiring the most manual work, is soils data. Soils data 

is sparse, noncontinuous from county to county, and 

scattered by sources. Soil conditions may best be 

interpreted from parent material data, knowledge of the 

topography, and climatic conditions. The EROS program is a 
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likely source of gross soil data over large areas. 

Software development is concluded to be best pursued by 

direct purchase of specific function programs structured 

together in a modular fashion. Direct development of 

software should be concerned with interfacing the purchased 

programs and the modules of the system. The system should 

be kept simple at first. The NARK IV file management system 

is seen as a potential asset because it is supported by the 

VPI computer science technical staff, and it voQld greatly 

facilitate data base management. It is suggested that if 

full development is pursued, someone experienced with such 

systems shoulJ be within the department and that he be in on 

the development and subsequent implementation. At the 

present 1 there is no such skilled professional available. 
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Appendix Table I. List of acronyms and abbrevi3tions used 
in this thesis. 

CART~TS 

CLOVER 
CNS 
CONG.RID /DB.1'1 ANG 
DBNS 
DCDB 
DHA 
D'IIS 
P.NDEX/.8Dl3D 

EROS 

PCCC 
GIN 
Lii'-1 
UJDA 
NIADS2 

NASA 

NCC 
NCIC 
NOAi\ 

NTIS 
0 fi NI. 
OHR £'lI S 

PLOT 
R3l'!AP 
SIC 
TOPl\.S 
TRW, Inc. 
TVA 
fJSGS 

VPI ~; SU 

central Atlantic Regional Ecologic 
Test Sib:! 
CLassif ication OVEBlay mapping system 
Composite Mapping System 
CONversational GRID/Data Base HANaGer 
Data Base Management System 
Digital Cartographic Data Base 
Defense Mapping Agency 
Digital Terrain Information System 
ENvironmental Data indEX/Environrnental 
Data Base Descriptions 
Earth Resources Observation Systems 
Earth Resources Technology Satellite(s) 
(renamed LANDSAT) 
Fort Collins Computing Center 
Generalized Information Management system 
Land Inventory Mapping system 
Land Use Data Analysis 
Map Information Assembly and Display 
System 2nd version 
National Aeronautics and Space 
Administration 
National Climatic Center 
National cartographic Information Center 
National Oceanographic and Atmospheric 
Administration 
National Technical Information Service 
Oak Ridge National Laboratory 
Oak Ridge Regional Modeling Information 
System 
Polygon Layer overlay Technique 
Region 3 (U.S. Forest Service) NAP 
Standard Industrial Codes 
TOPographical Analysis System 
Thomas, Ramo, & Wooldridge, Inc. 
Tennessee Valley Authority 
U.S. Geological Survey 
Universal Transverse aercator 
Virginia Polytechnic Institute and State 
University 
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List of acronyms and abbreviations used 
in this thesis (continued). 

Waterways Experiment station (Army corps 
of Eng inz~er s) 
Wildland Resource Information System 
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Appendix II. Copy of questionaire mailed 
personnel. 

to industry 

Please rank the following with No. i as the l'lost important 
data type to you and your or~anization. More than one data 
type may have the same rank lf you feel them to be of equal 
value to your concerns. 

Cell Level Data (1 to 10 kilometer grid) 

Topographic variables 
Slope 
Aspect 
Slope length 
Elevation-relief ratio (a descriptive measure 

of variability in an area)* 
Hypsometric integral (a curve describing the amount 

of highland versus lowland, and the slopes 
in an area)* 

Others (please lL.> t) 

Soils 
Parent material (more readily available than good 

soils data in certain areas) 
Soil groups and associations 
Soil traff icability index (if available) 
Others 

Climate 
Rainfall by 

yearly 
Tempe.r:ature 

yearly 
Others 

(circle one) monthly, seasonal, or 
averages 
by (circle one) monthly, seasonal, or 
averages 

* The elevation-relief ratio used in conjunction with the 
Hypsometric integral gives a rather good description of 
an area's geomorphology. A good sizs area for such an 
analysis may ce each 7.5 minute USGS topo quad sheet. 



Land Cover 
Major forest type 
Agriculture 
Water 
Urban/residential 
Others 

County Level Data 
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Forest land (amounts and/or percentages) 
_____ Commercial forest 

Public forest 
Private forest 
ownerships 
Growth, removals, and volume of growing stock 
Others 

Demographics 
Total population 
Percent population in labor force 
Employment and income levels 
Dural farm and nonfarm population 
Others 

Wood industry 
Number of wood using firms located in county 
Number of firms procuring wood in county 
Number of woodyarcts 
Others 

Transportation networks 
Major roads 
Secondary roads 
Tertiary roads 
Railroads 
Navigable waterways 
Woodyard locations 
Others 

Thank you. again. 

Please return to: 

Pred H. Baggott 
210 Cheatham Hall 
V.P.I. £; S.U. 
Blacksburg, Vicginia 24061 
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THE FEhSIBILITY OF AN INFORMATIONAL DECISION SUPPORT SYSTEM 
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INDITSTRI~L FORESTRY OPERATIONS 

by 

Fred H. Ba 0~rnott. 

{A GS'I'R ACT) 

The feasibility of a 1eographical information base for 

supporting industrial forestry operations decisions was 

investigated by identifying the data needs of the industry, 

the sources of the data with the data's availability, cost, 

and media, and the available software which could be used in 

developing the system. 

The major data needs are a description of an area by 

terrain, soils, forest type with growth and removal data, 

and climatic (la ta. Information on the micro-terrain 

encountered in an area was of ten requested by equipment 

companies. Land and mill managing firms requested soils 

data of a site quality nature while eguiprnent companies 

wanted trafficability measurements. Both wanted information 

describing the local wood using industry by type and size of 

firm, the ra.w material{s) procured, production capacity, and 

product(s). 

The sources of the data are numerous, and much of the 



data can be auuired 
~ 

l• .n 

" machine readable form. Soils data 

presents the largest problem of high cost and time to gather 

and input, and is not available for many areas. ~ork on 

extraction and interpolation of forest survey data is 

necessary to meet eguipment engineering needs. 

The system is best developed in a modular fashion. 

~uch of the software can be directly purchased. 

Conscientious efforts must be made to include input from 

potential users in the development and implementation of the 

system if it is to succeed. 

It was concluded that further development should be 

aimed at the equipment companies where the information base 

appeared most needed anJ wanted. 
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