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Chapter I 

!!!;t!Qfil!~J;PB 

Classifi.cation, the deliberate aggregation of things 

based on predeterldned. similarities, has received wide use 

in science. Traditionall.y, classification has been used to 

reduce an inordinatel.f l.arge collection to a manaqeabl.e and 

cODtprehensibl.e set of groups. :Inferences can then be made 

about this reduced set regarding the .structure and function 

of the whole. 

Al.though c1assif ication has received widespread 

acceptance and use, it suffers :from a serious shortcoming •1 

· It is a process <?f general.izin9, a.nd once a gi:oup is· 

identified, or formed by the aggregation of 2 or aore 

individuals, the •identities .. of the constituents of that 

group are lost in that process. That is, the group becomes 

th·e primary object of concern, and the constituents are 

considered secondary and of no rea1 significance, except as 

eff'ectivel:y homoqeneous components of a group. flhil:e the 

expediency of this process is obvious, it is also obvious 

that a certain amount of information about the individual 

aembers of each group is irretrievably 1ost. 

f'Ypical.1y, the willingness to sacrifice some detail in 

an effo.rt to make large~scale inferences bas been predicated 

1 



on the assumption that the human 111ind can accommodate onl.y a 

finite amount o:f infor:m~tion over a given t.i.me period. 

Al.though this assumption is aost l.ikel.y true, it has 

fostered a notion that onl.y a finite amount of information 

can be extracted from a set of objects. ~e falsity of this 

concept is central to the c<;>11cept of dynamic classification 

as postula~ed in this dissertation. 

The premise that an infinitely larqe amount of 

kn.owl.edge can potentially be extracted from a set of objects 

is fundamental. to dynamic classification. This should not 

be interpreted as meaning tha.t infinite (a.11) knowl.edqe can 

be derived :from a single object, or even a set of these 

objects. Rather, it should be taken to mean that each 

object contains an inf:initel.y l.arge amount of: information 

about itself. Thus, using a dynamic e1assification · 

approach, it is. possible theox:etical.l.y t.o extract whatever 
-

information is desired about an entity (or set of' entities) 
,, 

from that entity, or set of those entities • 

.ln. operational. hypothesis of .this dissertation was that 

specific information re1ative to the objecti.ves of the 

cl.assification effort . is extractab1e froa the infinitely 

large body of :information inherent to objects. The 

objectives of this study were the following: 
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1. to articulate a concept of dynamic 

classification, and to describe a dynam.ic 

classification methodology which wou1d permit the 

extraction •nd derivation of specific information 

in a manner uncon.strained by the lim.itations of 

conventional c1assi£ication, and 

2. to demonstrate the utility and validity of the 

dynaJRic ·classification oon.cept in appl.ications 

within wildlife management. 



Chapter J:I: 

. Ll'.T§RATpg BEYllW 

FUBPAHllJTAL THEORY 

Before considering the concept of dynamic 

classification, the more basic concep'.ts fundamental to it-

wi1l. be anal.yzed. In the following sections, the ecological 

concepts of habitat and niche, the basic nature of 

classification, a.nd the structure and1 function of the 

wildlife management system will be examined. 

:rn the broadest sense, habitat may be considered as the 

living space of an organism (Odum 1963:9). ·Odum (1971:234) 

later el.aborated on his definition and defined habitat as 

the physical place where an organism 1ives, or the physica.1 

circumstances under which it is likely to be found. Smith 

(1974 :24) used a similar definition but noted both l.ivi.ng 

and. nonl.iving environmental. components within the habitat 

and substituted the term •population" for orqan1$m. 

Earl.y researchers found dif:ficu1 ty in descr.i.bing 

distributions o:f species using only habitat: parameters as 
--

the descriptive criteria. In his discussion of the 

distribution of lady-beetles, Johnson ( 1910} noted that 

4 
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distributions of some species were not liaited by food 

suppl.ies only, but by other, unexplained factors in the 

environment. Al.though .Johnson used the term •niche" i.n 

describing distributions, he failed to articul.a te a 

f orm.alized concept regarding these "other factors.• 

Xn his 'studies .of birds and 11aua.1s, Grinnell. 

(1917a, 1917b) proposed the tea 11ni~he" to describe the 

pl.ace occupied by a singl.e species in an association. 

Grinnell. (1924:227) 1a.ter expanded his niche concept and 

defined nJ.che as the ultimate habitat unit.. In a l.ater 

paper, Grinnell (1928:435) described niche as the "ul.tilllate 

distributional. unit, ri"'in vhi ch ea.ch species is held by 
its structural and funetional l.imita.tions.• 

Grinnell. regarded ntche as an extension of the habitat 

concept to expl.ain the distribution 0£ species within a 

given habitat. A con t.e11tp()rary of G.rinn~l.1, Charl.es El ton, 

believed that the fun.ction, or ro1e, of a species in its 

habitat vou1d ul.tiaately explain distributions, and that the 

niche itsel.f was defined by the functiona,l. capabilities of 

the respective species. ~he fo1lowinq passage from E1ton 

(1927:63-64) summarized snccinctly his ideas: 

11It is therefore. convenient to have $0Ble term to 
describe t.he status of an an.bal. in its community, 
to indicate what it. is doing and not mere1y what 
it looks 1ike, and the tera used is •niche.• 
Anim al.s have al1 means of external factors acting 
upon them' - chemical;. physical, and biotic - and 
the •niche• of· an animal. means its place in the 
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biotic environment, its re1ations to food aad 
enemies. • • • When an ecologist says •there goes a 
badqer' he should include in his thoughts some 
definite idea of the an.iaal•s place i.n the 
community to which it be1onqs just as if he had 
said •there qoes the vicar.•• 

Using Bl.ton•s concept of the functional.. niche, Gause 

(,1934: 19) expanded upon i1: .by devel.oping the principle of 

competitive exclusion, which stated that no two species may 

occupy e:x:actl.y the same niche. Bardin (1960) ~estated the 

principle (althouqh somewhat ubiquously) as •com.pl.eta 

competitors cannot coexist.• The functional niche concept 

was articulated further by te::rtbook authors such as Od ua 

') (1,953:27-30,230-238) and Clarke (1954:4·68-469). 

The ideas of Elton, Grinnell, and Gause were combined 

in a revolutionary conceptualization of the niche by G. E. 

Hutchinson. Hutchinson (1958) postul.ated that niche 1tay be 

perceived as 11111tidiaensiona1. :rn his original. 1958 paper 

and· in two late.r works {1965, 1967), Hutchinson stated that a 

species exists within a specified zone of lover and upper 

limits within a au1titliaensional set of environmental 

gradients.;. With these gradients as axes, each species 

exists with.in a theoretica.11.y distinct h.ypervolume.. The 

, entire hypervol.ume O·f habitable spa.ce was called the 

fundaaental niche by Bntchinson (1958,1967:232). However, a 

species may not be able to use the entire fundament.al niche, 
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due to competition from other species inhabiting the same 

general habitat. Hutchinson (1965:32) defined the realized 

niche as that portion 0£ the fundamental niche remaining 

after accounting for the portion lost to competition. 

&utchinson•s oriqinal hypervoluae niche concept has been 

expanded somewhat and pl.a.ced in more discrete ma.thematical 

terms by various authors, including Patten (1962}, 

Vandermeer (1972), and MacArthur (1968) • 

Theoretical.lJ, the concepts of niche and ha.bi tat are 

applicab1e to any organism. While the concept of niche may 

be applied equally to plants or animals, i:t has found 
\ 

11ait~ favor among botanists. Rather, botanists have made 

extensive use of the term 8 habi tat• to describe everything 

from b+oad vegetation types to loca.lized areas containinq 

characteristic plant groupings. In his classic text, 

Oostinq (1956:27) used the term to denote localized areas 

posse~ing silli.lar edaphic and en.viroruaental conditions, 

such as a •swamp habitat,• or an •upland habitat." 

Daubenmire (1968::4) reaoved some ubiquity by equating 

habitat with ecotope and biotope. Be further def·ined 

habitat as: "a rather speci£ic kind of livinq space or 

environmell_t, i.e., a constellation of interacting physical. 

or bio1ogical. factors which provide at least m:inimal. 

- conditions for one organism to live or :for a group to appear 
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toqether. • Billing-s {1952) defined the entire array of 

enviromaental factors affecting plants as the "environmental 

coapl.ex.• Goodal.l (1963) . and Whittaker (1967) used the 

phrase 0 b.abitat hypervolume• t:o i.nclude the set of 

enYironmental factors constraininq the distributiol,l of plant 

species. These concepts are not far removed fro• the 

fundamental. niche concept. 

£liissification 

Dl general, classification. is the process of grouping 

simil.a.r objects and separating dissi.lltilar ones (le1son et 

al. 1978). '?his definition may at first seem triv.ial.; 

however~ the ramifica ti tons of the eoncept are profound. In 

his fundamental; analysis of classification, Gilmour (1951) 

noted that the process of classification has universal. 

appl.ications and·that "classification is a prerequisite of 

all. conceptual thought, what.ever the subject matter of that 

thought.• Goodall. (1966) has arc}ued that cJ.assification is 

essential.1y a hypothesis-testing process in which the null 

hypothesis is that individual.s or objects under study belong 

to a singl.e cl.ass. 

Gilmour· (1951) noted that the function of 

c1assification is the construCtion of classes (where the 

significanc~ of each class is related to a particular 

( 
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purpose) about which inductive generalizations are m~de. I:f 

cl.asses themselves are organized into qroups· to fo.rm 

different 1eve1s, a hierarchical classifica:tion results 

(Go<>fl: 1965-, Coraack 1971). The structure of such systems· is 

consistent with conventional hierarchy theory. Hierarchical 
0 

classifications are f undaaen.tal to biol.ogica.l taxonomy a~d 

systematics. In sw11tarizing biol.ogical. c1assification, Bayr: 

(1968} noted that cl.assifications are sillilar to theories in 

that both possess predictive power. 

Cormack (191"1) provided an excell.enit review 0£ 

couvent.ional c+assification theory from a stat.i.stical point 

of view. Lance and Williams (196'7a,1967bt, lisaart. (1969}, 

li:tliams (1971), Goodall (1973), and Pielou (1971.:312-331) 

have discussed classification theory and numerical. 

cl.assifica.tion techniques a.p-propriate i.n eco1.ogy, especi.a.11.y 

pl.ant ecology. lhll.leJ et al. ( 1978) su11n1arized the purpose . 
. of classificatien by st.ati:nq that it "creates order out of 

· chaos and reduces to a worltabl.y small number the tota:t 
I 

number o:f objects .... • wit.h which an analyst or manager: 11n1st 

deal. 

Vegetation Cl.assifica tion 

Mu~h of the early habitat research. was performed in the 

fie1d of plant ecology, vi.th emphasis being placed on the 
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rel.ationskips between environmental f.actors and· 

distributions (presence or absence) of pl.ants. In their 

efforts to study vegetation and its distribution, botani.sts 

devised var:tous classification techniques. Daubenmire 

(1968:252,254) categorized vegetation classi.fication 

,approaches as being eitl!-er divisive· or agglomerative, and 

gave appropriate· examples. Bovever, the taxonomic probl.em 

of 111.umping and splitting• had been addressed earlier, as 

Dansereau (1957:1_29), .citi~g Villar (1929), noted that 

environmental classification is based on the criteria of 

harmony and. tl.iscrepency. 

Daubenmire ( 1968 :249) . categorized vegetation 

cl.assification as being either artificial (i.e., 

superfic.ial., conceptual) or natural (based on ecological _ 

criteria) • Ho-. ever, P:f ister and Arno ( 1980) noted that in 

actuality,~ al.1 cl.assifj .. cations are essentially artificial., 

beinq dictated by the specific objectives of the 

classi.f ication process itsel.:f. They suggested the use of 

the term "technica1• (cf. Cline 1949) to denot~ special.-
' 

purpose, limited objective classification and the term 

•natural.·" to signify aultiobjective classifications based on 

natural. (ecoloqical) relationships. 

Bailey et al. (1978) noted that classifications may be 

single orlmu1tifactOT, as well as being singl.e level or 
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hierarchical. In a broader sense, Kessell (1979b) noted 

th.at authors of vegetative classifications. assume discrete 

cl.assliication groupings, while gradient analysis "deals not 

with discontinuous cl~ses but rather with continuity and 

gradient relationships." Kessell (1979b} gave a 

comprehensive list of the various vegetation cl.assification 

and gradient anal.ysis approaches, whil.e Bailey et al. 
·-

(1978) ,. Daubenmire (1968:249-263), and Mueller-Dombois and 

Ellenberg (1974:153-176} have presented excell.ent su1uu1ries 

of the major vegetation classifications and the philosophies 

underlying many of the more notable techniques. Vegetation 

classification techniques have also been reviewed by Burger 

(1972), Carmean (1975), Jones (1969), and Rowe (1911) .. 

A goal in vegeta ti.on cl.assif ication is to conceptualize 

vegetation distribution in an, ecoloqical1y meanin.gful 

framework. The purpose of classification in ecology is not 

necessaril.y the c1assif ication i..tsel.f, but to gain further 

insight into the holistic nat·ure of the environment. A 

primary util.ity .of c.lassificat:i.on l.ies in its ability to be 

used as a tool for inference (Gilmour 1951). Layser (1974) 

has noted that foll.owing the Braun-Bl.anquet school of 

phytosocioloqy (i.e., that habit.at and fl.oral community are 

inseparable and habitat conditions are mirrored by the flora 

present) , certain plant species a.re dia.~ostic o.f the 
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environm.enta.l conditions present.. Thus, ecol.ogically-based 

classification may be used to inf er or deduce which 

organisms might be found within a habitat: possessing a given 

set of enYirouental gradients. 

Habitat Classification 

Because vegetation is generally accepted as an 

indicator of environmental conditions (cf. Clements and 

Goldsmith 1924) and since many animal..s depend directly on 

the vegetation substrate for a variety of their essential. 

needs, vegetative characteristics can be useful in making 

inferences regarding the suitability of an environment for 

wildlife habitat. In much the same wa.y as vegetati.on may be 
( 

ana1yzed, wil.dlife habitat (i.e., the physical. environment. 

in which wildlife species live) may also be analyzed. 

Vegetation ana1ysis and wildl.ife habitat analysis are alike 

in that both are efforts to examine the rel.a:tionships 

between environmenta.1 factors and the respective fl.ora. or 

fauna present in an area. 

However, vegetation classificati..on and wildlife habitat 

classification are distinctly different in some respects. 

Unlike vegetative_ classifications, in which vegetative 

groups are categorized based on similarities or di:fferences, 

wildlife habitat classification usual.ly involves the 
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!!ll iI:LDLD'E MANAGEftE!!, SYSTEM 

n:aaagement, inc1uding wil.dlife mana,qemen.t, is the 

process of maki.ng decisions a.nd taking actions to achieve 

· objectives. Although the term refers to a process, 

manageaent itsel.f is pa.rt of a larger whole. Considered in 

this context, management is a system. 

Planagement systems are composed of the four major 
/\ 

components of all general systems: in.puts, outputs, 

p~ocesses, and feedback.. :rn the case of management systems, 

.inputs are information; outputs are decisions and actions; 

feedback is the current assessment of system performance 

a.1onq' with corrective or stabilizing actions; and the 
I 

process is the making of decisions and t.he taking of 

appropriate actions to achieve specif'ied objectives. 

Feedforwap:t (cf .• Giles 1978: 12) is included as a component 

of some genera.I systems, especial.l.y human-oriented ones. 

Feedforward is anticipatory in nature and may alter· sy.stem 

performance in order to accommodate :future conditions. Bach 

component is integra1 and essential. for smooth oper-ation of 

the system.. A breakdown of any sing1e component can resu1t 

in red.uced system performance, or even in system failure. 

In the field of systeas science, al.l systems are . 

considered: to be a part of a. hierarchy of other systems 

) (Sutherland 19:75: 99; Ball and Day 1977:6) • 'lhus, ev-ery 

f 
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system is a subsystem and every system has at least 1 

subsystem. Within the management system there may be aany 

such subsystems. Because cinput of information is critical 

to the management system, information subsystems {systems) 

have been developed. The function of these systems is to 

provide for the input of information for the manaqement 

process •. 

'.lo understand better this function, discrimination 

between inforlllation and data is important. Data are 

isol.ated facts that .have real meanin9 onl.y vb.en placed into 

a context (Rosove 1967:3). Information· is data th.at have 

been placed in context. All data may be considered 

potential information. Information, as required by the 

m~agement system, is composed of data that have been 
I 

sifted, sorted, and. put into a usable, compre·hensible 

format. Specifically, the function of an information system 

is to 9enerate information for management from a larger set 

of data. -

Wild1if e management has been described as a system 

(Giles 1978: 11) , and is a typical example of the general. 

management system described·· previously. As w·ith mana.gement 

of. other resources, information systems have been developed 

within wildlife. management. Some of these systems are 

merely established techniques for deriving information from 
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raw data'.. Others are aore sophisticated and utilize 

computers to process data and display information. Like 

many other management systems, wil:dllfe management is 

growing in coapl.e:xity and scale. .llthouqh management is 

often performed. at s11a11 sca1es using Leopo1d •s (1933) 

techniques, Jiany 11odern wild:lif e aanaqers have been assigned 

tasks of management at larger scales. Subsequently, not 

on1y are· nevi techniques to be develpped, but more and better 

information wil.l. be required for macro-scale -iaanagement. 

However, in order to understand better the task facing 

wi1dl.ife managers of the future and possible ways of 

hand1inq the problem, an analysis of the wil.dlife management 

system is in order. 

Wi1d1ife, considered co11ectively, is a resource. ~he 

purpose of wildlife management, or the wildlife management 

system, is to exploit that resource in such a way as to 

attempt to maximize the utility of the resource. Three 

general approaches are currently used to ef£ect this end .• 

They are population approaches, socio1ogica1 approaches, and 

habitat approaches. 

PQI?ulat:i!?!! jpgroaches 

Wildlife is a renewable resource and therefore, the 

supply (i.e., the amount· of physical. resource) may be 

) 
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increased (to an extent) without fear of depletion. Thus, 

tl).e strateg-y behind popu1ation approaches i.s to aanipu1ate 

the resource direct1y. The popul.ations of desired species 

or species groups are aanipu1ated i.n order to aeet. demand • 

Popul.ation densities are often manipulated by employing 

management tactics that alter either natality, mortality, 

migration, or al1 three (Giles 1978:98, 102-114) • 

Spciologica! il?l!~PflPPi!i 

Sociological. approaches invol.ve managing the r·esource 

by aa.naginq the resource user. :In this approach, the actual 

aaount of the physical. resource 1u1.y neither be increased nor 

decreased. Rather, the deaand and use is changed to a level 

appropriate to the resource. Public awareness campaigns, 

law enforcement programs, or other publ.icity ef.forts are 

ex:amp1es of frequent1y used techniques invo1ving the 

sociological approach. This approach may work well., both 

for conserving scarce resources as wel1_as increasing the 

utili tj of existinq resoµrces. Sociological. approaches are 

often quite effective in bringing demand to a level 

commensurate with existing resource levels. 

Habitat Approap)l~f> 

Habitat appro~ches involve indirect management of 

wildlife resources. ID these approaches, the amount of 
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. resource is increased or decreased (usually increased) by 

manipulation of the •living space• (Odua 1963:9) of the 

desired species (i.e., the resource component under 

man~gement.). Wi1dlife resources may b~ affected 

si9nif1.cantl.y by various land uses. Ff)r example, practices 

such as silvicul.tural. treatment aay have marked impacts on 

the amount and qua1ity of habitat for a variety of wild1i.fe 

species. Assuming that an incr.ease in the amount of 

suitable habitat or an increa.se in the suitability of 

existing habitat vil1,resu1t in a concom.itant increase in 

the population (the resource}, the strategy of this 

management approach is apparent. 

!'HE IILDLIFR !iANAGEftE!!_ l:IU"OlUtAn.Q! SYSTEM 

A managemeiit information system is any functional. 

system that converts data into aanagerial1y usefu1 

information (Rosove 1967:97). such systems erlst i.n 

wildlife management. Although these systems tend to be 

methodo1ogica1 in nature, they nevertheless exist, and are 

functional, in wildlife management. Wi1dl.ife management 

information systems am useful in popul.ation, sociological, 

and habitat approaches. 
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Po2ula:tio]! Information, System~ 

Various popu.lation estimation techniques may be 

classified as informa.:_ti.on s1steu in the functional. sense. 

These techniques range from field procedures such as drive 

counts for' deer (ftorse 1943) and strip censuses (Overton 

1971) to more analytical techniques 0£ population 

estimation. The cl.assic Lincoln index (Overton 1971) and 

its modification (Chapman and Junge 1956) , the Schnabe1 

method (Schna)lel. 1938) , and the methods and models proposed 

by Jolly (1963, 1965), Leslie (1945, 1948, 1952), Leslie and 

Chitty (1951), and .Leslie et al.. (1951, 1953) serve to 

convert raw population data into estimates of population 

size and behavior. Likewise, life tables say provide 

insight. into population dynamics (Eberhardt 197 ~>. • More 

recent population ana1ysis and simulation techniques (Tipton 

1975, Coyle 1980, Dean 1972) have been computerized and may 

~provide detailed i.nfonation on popu1ation structure and 

dynamics • 

.§9,gi91ogica1 Information ~1stem2 

Sociological approa.ches to wilcllife management al.so 

require information inputs. Various psychometric 

techniques, such as the Churcbman-Ack:off procedure 

(Churchman a.nd Ackoff 1954) ,, objective weighting (Giles 
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1978: 217-218), and the Delphi technique (Linstone and Turoff 

1975) have been used to determine attitudes of both resource 

users and managers. Beattie (1979} demonstrated the utility 

of these approaches in deriving basic sociologica1 

information :from hunters and wildlife managers. 

Computerized techniques, such as PHAEDRUS (Ca.son 1980) have 

been deve1oped to assist decision-makers. Cow1es (1979) 

developed a computer program for determining optiaum law 

Jenforcement personnel deployments. 

Habitat :tnformati!?!!, §l§j:e1rs 

Habitat manipulati.on has been used traditionally in 

wildlife management. In his classic book, Leopold (1933) 

spent considerable effort. in describing habitat and habitat 

manipulation techniques. The literature of wildlife 

management is replete with techniques for managing wildlife 

through habitat alteration. HOwever, sound habitat 

management requires sound habit.at information. Fortunatel.y, 

many formal. techniques (systems) exist for obtaining· this 

information. These systems will be categorized as 11current 

status• systems (those that are not capable of supplying 

predicted information) an<l "future status• systems (those 

that can predict habitat conditions) • 
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•current status" systems 

Despite their rudimentary nature, habitat anal.yses were 

among the first information systems employed for securing 

basic habitat.-rela.tecl data for wildlife management. Earl.y 

attempts at wildl:ife habitat analysis had much in common 

with techniques used by pl.ant ecologists of the day. 

Leopold. (1933) emphasized the importance of food to 

wildl.ife, and many earl.y approaches examined vegetation as a 

s,ource of food. Al.dons (1944) and Wilm et al. (1944) 

described two early techniques for estimating browse 

production for deer. A more direct method, the total 

veqetation clip, was used by Barlow (1955) to determine 

browse production. Allen and .McGinley (1947) and Downs 

(1944) concentrated on other food sources and described 

methods for determining mast production. 

The above techniq~es were inherently labor-intensive 

and. site-specific. However, several extensive techniques 

have also been used. Techniques for producin<J ve9etat.ion 

cover maps from which wildlife habitat in:ferences could be 

made were described by Dalke (1941) , Graham (1945) , and 

Arnold (1946). Leedy (1948) described the interpreta,tion of 

aerial photographs for wildlife manage11ent purposes. other 

researchers such as Crawford (1946, 1950), Byr,ne and zeedyk 

(1965), Schmautz (1970), and Allen et al. (1963} described 
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techniques for delineating wi.ldli:fe habi.tat as a function of 

soil type and soil fertility. 

Al though some of these techniques are quite 

sophisticated,. the in:formation 9leaned from . them has little 

direct manageaent application. While they may be' useful in 

delineating the physical extent of specific habitat 

para.meters such. as food, these analytical techniques have / 

been able to produce l:ittl.e more than cursory estimates of 

overall habitat suitability. 

Habitat eva.l.uati.on techniques ca.n provide information 

appropriate for inten.sive wildlife managemen:t involving 

habitat manipul.ation or requiring estimates of habitat 

suitabil.ity. In habit"'t eval.uation, resul.ts of habitat 

anal.yses are combined y~ith basic information about the 1ife 

history (or niche requirements) and habitat requirements of 

vildl.ife species to produce qualitative mea.&11res of overa.ll. 

habitat suitability for these species. Litera11.y, an 

assessaent is a a.de of the va1ue of the environment to the 

species. 

The c()ncept of habitat evaluation is not new. Leopold 

(1933:378-380) suggested a technique for determining ov·era.11 

habitat suitabi.lity. In his "habitability tally,n Leopold 

based habitat suitability on how well food and cover 

requirements for game species were met within the specified 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

I 
I 
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management area. Other systems have been developed; 

howe:ver, •any have been superficia1 i.mprovements of 
' . \ 

Leopold's basic technique. 

over the years, various habitat evaluation techniques 

have been developed. Davenport et al.. (1944) developed a 

technique for estiaatillg carr1inq capacity for deer based on 

twig counts. Aldous (1944) claimed his browse survey cou1d 
I 

be used for rating deer range. Unfortunately, a serious 
r.::-· _fau1t of. mc:u1y of the early efforts was the use of a singl.e 

criterion, such as food availability. Many later techniques 

have been mu1tifactor approaches, incorporating a variety of 
" paJ;ameters into a single suitability index. 

r Recentl.y, a physi.oloqical-anatomical approach to 
/ 

habitat evaluation ha.s been advocated. Kirkpatrick (1975, 

1980) proposed use of physiological. an.d nutritional. indices 

as predictors of habitat or environmental suitability.· Seal 

(1977) considered the animal to be an integrator of 

environmental. fa.ctors , and advocated- use of physiological 

and anatomical parameters to assess habitat. Pertinent 

examples are the use of b1ood parameters, perirena1 fat, and 

femur marrow fat to determine overall physio1.ogica1 

condition (Warren 1979) and. to infer qeneral habitat 

condition. 
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others have attempted to gather habitat data di.rect1y, 

and to extract from it infor1u1tion for making m:anagement 

decisions. These efforts have ranged fro11. single factor to 

mul tifactor approaches. Perkins (1973) and Buckner and 

Perkins (1974) described a multilactor approach for 

eva1uatinq wildlife on com.mercial. tuber l.ands. •'fhis 
J 

technique and a similar one by WilliS ( 1975) were field 

oriented and assumed equal. importance among ev·aluation 

criteria. Other multifactor approaches have used computers 

to process and hand1e data. Katibah and Graves (1978) used 

preprocessed LANDSAT data to eval.uate wild turkey habitat. 

Daniels et al. (1974) . utilized a computer mapping package, 
( 

SYMAP (Robertson 1967) to display habit.at for selected 

wild1ife species. 

A refinement in the multifactor habitat eva1uation has 

been to weight indivi.dual evaluation criteria. Daniel and 

Lamaire (1974) developed a weighted multi£actor habitat 

evaluation procedure for use ,in water resource development 

in Kissourl. Thi~ methodo1oqy was expanded by Flood et al. 

(1977} and later incorporated into the Habitat Eval.uation 

Procedures (HEP) used by· the u. s. Fish and Wi1dlife Service 
··J 

(Parmer 1978). The habitat evaluation met.hods used by the 

u. s. ArmJ Corps of Engineers (U. s. Arm}' Corps of Engineers 

1976)2 are similar to the HEP, but are less sophisticated. 
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Bven though several. of these techniques may be used on 

extensive areas, al.1 are essentially manual. _ severa.1 

ao:thors ha.ve enlisted computer assistance. Roller (1978) 

described a. technique for qua.1ita.tively evaluating deer 

habitat using a computerized, mul.tifactor approach. Taft 

and Davis (1978), Wi1lia•son and Koel.n (1980), and 

Antennucci et al. (1979) have uSE:>d ce11u1~ computer data 

bases and mapping programs to delineate and display wildlife 

habitat. Fales {1969) discussed the relative merits of 

several earl.y computer mapping: packages for displaying 

wildlife inform.ation. Practical a.pplications of three 

recent computer m:app:inq systems for land use planning were 

examined by Deschene (1977} • 

To recapitulate, wild1ife habitat may be perceived as a 

multidimensional hypervol.ume, with al.l of the factors 

infl.uencing the animal. in the course of perfoming its life 

functions, constituting the axes. Habitat. analyses invol.ve 

exa.mination of the components, structure, dynuics, and 

intera.ctions of habitat. Analyses may also incl.u:de the 

interpretation, synthesis, and transformation of 

obs_ervational d.ata into information potentially of use in 

wildl.ife decision making. 

If habitat analyses are performed with a preconceived 

_,not.ion of value, and.. with the objective of determining which 
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parts of the animal.• s environment. are of importance, they 

becoae eval.ua.tions. Habitat evaluation incl11des an ordering 

of environmental parameters based on perceived importance to 

the aniaal, and identifying habitat components that are 

beneficial. or detrimental. to the animal in. meeting its life 

requirements. 

An extension of wildlife habitat evaluation is habitat ( 

classification. Habitat. classi.fi.catio.n is the process of . 

identifying and ordering areas of similar sui tabil.ity for a 

species or species group. Dependiag on the object.ives of 

the classification, the task may vary from one of 

identifying areas where total. l.ife requirements a.re met, to 

one of deli.neatinq areas possessing onl.y specific niche 

requirements. 

In short, evaluation is an extension of ana1ysis, and 

habit.at. classification is a subset of evaluation. The three 

may be rel.ated in a practical sense, but they are 

nonetheless functionaUy ~epa1;a:~~--~~9~ces~~~ for p~ovidi.nq . 

different degrees of structure to observational. habitat 

d~:ta. The information from habitat ana1yses is not 

necessarily ,managemen t-ori.ented due to its lack of 

contextual.structure. Habitat eval.uation provides this 

structure. Therefore, habit8::'!:_ ~val.uaµon is managem.ent-----·- --- --~~------- ··- . ' ·-·--·-·- -·-- ----'"---- ------------------

oriented bJ virtue Of the nature Of the information it 
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produces. Although habitat classification does not provid.e 

the type of detai1ed information that evaluation does, 

classification results Cl.re structured in such a way as to be 

appropriate for upper-level management when extensive areas 

are invol.ved (Coulombe 1978) • 

Development of comprehensive multiresource assessments 

(including wildlife classifications) has been accelerated by 

the passaqe of recent leqisl.ation including the Forest and 

Rangeland Renewabl.e Plannin.9 Act of 1974, the National 

Forest Management Act of 1976, the National Land and 

Resource Policy Act of 1976, and the So·il and Water 

Conservation Act of 1977 {Rel.son et a.1. 1978). In response 

to these mandates, a wide variety of natural. resource 

classification techniques has emerqed, as evidenced by 

recent. symposia deal.ing with the topic (cf .• Harmelstein 

1978, Berger 1978, Lund et al. 1978, and Swanson 1979). 

The hab:it:at cl.assifi.cation techniques recorded in 

recent symposia are too numerous to discuss properly here. 

, Some have used remote sensing ·techniques (Katibah and Graves 

1978; J;iest and sat.her-Blair 1916; Traylor and Heal.or 1978; 

Treadwell. 1978; Pettinger et. al. 1978; Merchant. and Waddell. 

1974). Some methodologies are suitable for extensive areas 

(e.g., Schmautz 1978, Parker 1978). Thomas (1979) and 

Thomas et al. (1978) related vi1dl.ife habitat suitabii.ty- to 
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vegetati.on succession. Some techniques (cf. Perkir.ts 1973) 

" have been developed for speci.:fic purposes,. whi.l,e others (cf. 

Buttery 1978, Witmer 1978) are appropri.ate for obtaining 

multi.resource information at the ecosystem level. 

The wildli.:fe habitat classification systems that have 

appeared to date have been diverse. The functional nature 

of the techniques varies primarily with the needs of the 

user and the avail.ability of input data. However, al.1 these 

techniques are virtually i.dentical in approach. ltll. relate 

wildlife habitat su:itability (expressed in some units of 

relative goodness) to some env:ironme:ntal para.meter or 

parameter set. These techniques, as sophisticated as they 

may be, rely on the correl.ation between' directl.y measured 

habitat parameters (e.g., food abundance) or calculated 

parameters, {e.9.,. di versl.ty and interspersion) and 

perceived. habitat suitability. 

HFuture Statustt systems 

A serious deficiency in many wildlife 111anagement 

inform.ation systems (but especially in ones dealing wi.th 

habitat) is the inability of the system to accommodate the 

temporally dyr.tamic nature of the resource,. This is 

especially true of habitat information systems. Due t.o the 

dynamic nature of vegetation, for example, habitat 
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suitabi.1i ty for partiC\llar species may change significantly 

~ in a relatively short time. I:n short, un1ess environmental. 

changes can be taken into account expl.icit1y, most existing 

information systems produce dated inforaation, which in time 

will. mC?st certainl:r become obsolete. 

To date, most wil.dlife information systems have been 

"current status" systems. "Future status• systems are abl.e 

to produce scenarios based on expected or predicted changes. 

Short and Schamberger (1979) and Morris and Nichols (1979) 

discussed the use of assessm.ent procedures to deterraine the 

impact on wildlife babi tat. caused by .land use changes. 

Mielke et al.. ( 1978) used a computerized forest stand growth 

model to predict chanqes in red-cockaded woodpecker habitat 

resu1ilng from various timber management strategies. 

A wide variety of forest models have been developed. 

Leak (1970) used a simplistic approach and modeled forest 

coaposition and succession as a function of the birth 

Jreqeneration) and death rates of the tree species present. 

Horn (1975a, 1975b, 1976), and Peden et al. (1973) extended 

this concept, and proposed that succession could be aodel.ed 

using a Karkov chain approach. Waggoner and Steven.s (1970) 

' have a1so u.sed l!iarkovian approaches to model changes in 

'! stand species composition. A Markov chain approach was used 

by Bruner and Moser ( 1973) to predict diameter d.istributions 



30 

in an uneven aged forest. The appropriateness and utility 

of Markovian processes in vegetation aodeling. have been 

debated bf Slayter (1977), van Hulst (1978,1979), and Culver 

(1981). Compartment models uti1izing differential equations 

to express species replacement rates have bee11 used by 

several researchers (Johnson and Sharpe 1976, Bledsoe and 

Van Dyne 1971, and Shugart et al. 1973) • Gutierrez and Pey 

(1977, 1980) and Boyce (1977, 1978) used compartment models, 

but utilized feedb&ck loops to drive successiona1 tr-ends. A 

compilation of ·recent forest models may be fo\llld in Fries 

(1974}, and Shugart and West (1980) have discussed many of 

the major forest m.odeling efforts .. 

·The bulk of the forest stand models in existence have 

. approximated forest dJnasics using deterministic models. A 

few, such as the JABOliA model (Botkin et al. 1972) and its 

derivatives (Shugart and West 1977) have used some 

stochastic techniques; however, Dtost of these 11odels have 

tended to behave deterninistically. 

Although the specific techniques and approaches used 

vary considerably, most of the model.s discussed by Shugart 

and West (1980) produce siailar information. That 

inf oraation .is produced by simulating changes in forest 

composition over time. An entirely different approach to 

predicting characteristics and composition of on-si.te 
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vegetation has been taken by Kessell (1976, 1979a) • Kessell 

has called the approach gra.dient modeling. 

Gradient modeling is an exten.sion of tfhi ttaker 's ( 1967} 

concept of gradient anal.ysis. However, in. the gradient 

modeling approach, na turall.y occurring changes in 

environmental factors are modeled, and inferences are made 

with respect to these gradients. Thus, vegetation dynamics 

may be effectively modeled using the technique. 

Applications have included modeling forest ±ire pa.tterns 

(Kessel1 1976) and su.ccessional dynamics (Kessell. and Potter 

1980) • Despite its rather radical departu.re from :m.ore 

conventional means of simu1ation, Kessell (1979b) has noted 

that gradient mod.eliug and analysis, and conventional 

classificcr.tion approaches should be complementary and 

i~tegrated whenever possible. 

Kessell. (1979b) has emphasi.zed the importanc.e of 

vegetative information in resource management. However, he 

also has stressed the need for valid classificati.ons, 

efficient computerized data storage and retrieval systems, 

and variable-resolution informati.on delivery systett.s to meet 

the time- and site-specific information needs of uanagers. 

! colleague of Kessell, J. F. Franklin, emphasized the 

significance of simulation. in resource management. Franklin 

(1979) noted that not only will simulations provide answers 
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to •what il?" type questions, but will al.so synthesize large 

data bases into usabl.e information in the form of scenarios 

and results of sensitivity analyses. r 

l?Ptl!lR.! 

The wildlife management system has evolved over the 

years from a simple, in.tensive-management oriented system 

into one_ that is dedica.ted to broad sea.le manage~ent on 

extensive seal.es. This evolutlonary process has not 

stopped; it is continuing and is likely to continue i.n. the 

future. The scope and nature 0£ wildlife management wil.l 

change; so will the information needed to support such a 

management effort. 

If wild1ife management is to become a more _!l:rnamic and 

effective system, it appears that new i.deas, new concepts, 

and new technology will need to be incorporated into that 

system. The concepts and technology presented in thi.s work 

are offered in the hopes that they wil.1 be a contri.bution to 

that end. 



Chapter l:II 

BASIC ~£~ Ql. DYN1UU£ CLASSIFICAT:IQ! 

Il~T.RQDUCTION 

In order to prevent misunderstanding of the term 

"classification, 11 an effort will be made to clarify it, fbr 

it will be used throughout this text. Using the terminology 

of systems science, "classification" denotes both a process 

and an output: or product (cf. Kayr 1968) • In the :first 

case, the ter111 refers to the process of identifying, 

label.ing, ordering, or g·roup.ing a disaggregate set of 

objects based on predetermined similarities or diff:erences 

(Platts 1980) • In the latter case of output or product,. the 

term refers to the actual assemblage of objects, th.e end 

result following the classi.fying process. In t.he former 

case, the term is synonymous to classifying, and it is in 

this sense ti1at the term will be used here. 

When classifi..ca.tion criteria are based on simil.a:r:it.ies, 

the process is aggregative in nature. The use of 

differences as cri..teria resul.ts i.11 a divisi.ve cl.assifica.tion 

approach, or in a "dissection" (Kendall 1966) • R.egardless 

of the approach, the object.i ve remains the same. The 

purpose of classification is to provide conceptual or visu.al. 

structure to a disa..9·9re9ate set of entities. In the 
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establishment of such structure, a measure of organization 
I 

is created. '.this organization may lead to the formation of 

information, a key ingredient. in the scientific and 

management processes. 

Although classi.f ication has received extensive use in 

the natural. sciences, it is becoming a frequent tool of 

, management. I:n ,recent years, with the advent of 
._/ 

mul tiresource 1and management at macro levels, 

classification (especial.l.y l.and classification) has been 

applied increasingly. However, it seems the full utility of 

land c1assification has not be.en real.izea by ecologists or 

land aanagers. Fundamental. and theoretical. problems have 

plagued ecological classifiers and ecoloqical 

classifications. Although these prohl.ems. are not 

u.nsolvable, they have created conceptual problems of 

enormous proportions. 

one way to examine these problems is to perceive 

classilication as a subsystem of the general managem.ent 

system. This subsystem possesses the 4 system components 

common to general. systems-namely: input, output, pr.->cesses, 

and feedback. :Inputs to the classification system are 

observational data about th.e things to be classified. The 

nature 0£ these data is affected directly by the 

informational. needs and the objectives of the system user 

--~----------------------
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(i.e., management). System output is information in the 

form of ordered or organized data. The process component of 

a classification syst.em involves not on1y the actual 

procedures of ordering (grouping or dividing) data, or 

objects, but al.so the process of labeliug, organ.izing, 

formatting, a.nd describing tha information. Feegback is the 

system component. responsible for altering systen1 behavior or 

performance so that outputs (information in context} suit 

the current needs and objectives of the user. Although 

there are problems inherent in al.1 comporu.mt:s of the 

c1assification system, it appears that many serious probl.em.s 

have arisen within the process component. Thus, a bri.ef 

examination of. the process of c1assifying is in order. 

:rn a geometric sense, classification may be percei.ved 

as a proct?.ss of grouping objects along one or more a.:xes. In 

theory, all. classifications are considered to be 

multicriteria.; single..-criterion classifications are simply a. 

special. case of multi.criteri.a classifications in which only 

one axis is cousid.ered to be relevant. Thus, singl.e-

criterion cl.assi£.icat.ions invo.lve the definition of an 

appropriate interval along a single aris, while 

multicriteria classifications involve the definition of a 

finite hypervolume in n-space. 
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~ £?9U!!!i.~.I Pf:S:l!>J~m 

A fund.amental. problem in the process of classifyirig, 

known as the boundary problem, has arisen from the 

assumption that things to be cla.,gsified must. be placed into 

discrete and distinct groups. :i:'hus, the bounda.ry problem is 

a matter of establishing the definitive l.ilnits (boundaries) 

of a grouping. Goodall (1966) noted that individuals or 

things to be classified coiaprise a multimodal conti.nuous 

distribution if they are not all in the same class, whereas 

unimodal.ity would ind.i.cate t,he presence of a single class. 

Goodall (1966) described classification as a process of 

identifying distinct modes and clelineating zones of 111inimum 

frequency "in order to enable each individual to be allotted 

to one of the classes (modes) thus distinguished. ~' 1 

Historically, ecological. cla.ssif iers have used. natural 

groupings or ••breaks" in distributions as a ba.Sis for 

establishing class boundaries.. A s,,et of diagrams showing 

the frequency of occurTence of objects along a single 

attribute continuum is shown in Fig .. 1. Distinctive, 

discrete groups may be a.pparent. such naturally occurring 

groupings may be due to natural. factors or may be spurious 

aggregations occurring at random. In other instances, 

groupings may be in.discrete or not apparent at all and 

cl.assifiers may be forced to assign class bound.arias 
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arbitrarily to re:flec t the objectives of the classification. 

It is 1.n establ.i.shing these discrete, but artificial, 

classes that the boundary problem is most manifest. 

The boundary problem has been compounded by attempts to 

form discrete groups ft:om sets of entities that are not 

discrete.. For example, major classification (groupl.ng) , 

problems have t'leve1oped in plant ecoloqy., Plant ecologists 

fol1owing the ideas o:f Clemen.ts ( 1916, 1928) had little 

difficulty in conceptual.izinq and defining vegetative 

qroupings or communities. However, the acceptance of the 

vegetation continuum concept (Curtis 1955, Curtis and 
' Mcintosh 1951, Mcintosh 1967) led to the denial of' the 

existemce of truly distinct, bordered vegetation comliunit:ies 

by some plant ecologists. 

An extension of the boundary problem has beer1 the 

difficulty in categorizing objects· possessing att.ributes 

intermediate to two groups having nontangentia1 boi::·ders 

along an a.ttribute continuulll:.• These problems are 

essential.1.y problems of assignment (Cormack 1971). Various 

numerical techniques hav~ been proposed (cf. Macnaughton-

Smith 1963; Sneath 1966; Wislla.rt 1969; and Lance <Jind 

Williams 1961a, 1967b, 1967c} to alleviate assignment 

problems. While some techniques have been useful in certain 
• ··1 

circumstances, none has been capable of providing a global 

solution. 
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:J:h~ S?eneral.izabil.ity Probl.em 

The boundary prob1em is not the on1y probl.em in the 

proces~ component of the classification system. Another 

inherent problea is the tendency of otherwise valid 

.c1assifications to be situation- or site-specific ~nd to 

become inappropriate when app1ied to non.related situations, 

although the things being cl.assif ied may be similar. :rn 

short, it is a problem of generalizability of the 

classifJ..cation system. Confusion may occur when an attempt. 

is made to classify things that are foreign to the original 

popul.ation and that have attributes unlike those of existing 

groups. For exampl.e, in c1assifying vegetation, certain 

species groups are quite often. categorized as a distinctive 

commuJiiityi- BoweYer, in geographi.cally different areas, many 

of the saae species may be present, but not together in the 

s~e rel.ationships. ~us, the classi.fication has 'fail.ed due 
' to site specificity. 

~ Obsolescence Probl.ea 

Prob1ems al.so exist within the input component of the 

c1assifica.ti.on system • The ent.ities being classified may 

themselves change with respect to their attributes. Wat.er· 

chemistry in 1akes may change due to eutrophication, or the 

species composition ?f pl.ant· communities may be altered due 

I 
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to natural. succession. such natural processes may have 

drastic impacts on tJie nature of the entities being 

classified, whether they are lake·s, biological coiurnniti.es, 

or p.hysical. objects. 'rhus, classifiers have been faced with 

the probl.ea of dynamic, rather than static, sets of objects 
i 

to be classified.. For them, the problem was not actually in 

the_ cl.assi£iying process itself, but in the information 

derived from it (i.e., the output) beco11in9 obsolete. An 

important part Of the information derived from a 

classification is the identification of the appropriate 

group to which each object~ belongs. However, if the 

.attributes upon which. tbe cl.assification of an object is 

based change, information m.ay be lost. If attribute changes 

among the object set are significant, the entire classifi-

cat·ion may become meaning1ess. 

Cbaracteristical.1J, groups in a classification process 

are established nn.der an assumed sense of permanency. Thus, 

cl.ass boundaries are assumed to be both permanent and 

sufficient. However, this is not a1ways the case •. Input in 

the form of objectives of the cl.assif ier may change. This 

change of objectives may require drastic changes in the 

classification process, and necessitate the addition, 
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deletion, or substitution of new criteria in the 

classifica.tion. 

!he , J;lel.ev·aps::t Problem 

Closel.y a.llied to the permanency problem is the 

inadequency of a classifica.tion system to suppl.y 

- informational output relative to the needs of various users. 

Groupings tha.t were adequate and suf:ficient t.o one user may 

not he useful for others. Various users of classification 

systems may require different lev·el.s of information. 

Groupings may be too genera.1. for some purposes, leading to 

inadequate information relative to some users, while 

superfluous groupings may lead to confus:ion among users 

requiring only general information .. 

lli !~d foi: P.I!!s.!i£ c1assifi!=5t:tj..Q1! 

In summary, classification. is a system (as well as a 

technique) for assigning contextual significance to a set of 

disa.ggregate entities. It is a system that should not he 

static; it should be sensitive to changes over time in (1) 

the attributes of the things to be classified, (2) the way 

that things are to be classified,. (3) the scale or extent,. 

and (4) the kinds of informa.tion desired from it. 
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The major problems o:f classification aay be perceived 

as comprising 3 major dimensions. The relevancy, 

permanency, and obsolescence problems may be collapsed into 

a single dimension,. time. The boundary problem and 

qeaera1izability comprise .2 other dimensions respectively. 

Every discrete cl.assification situation. lllilJ be seen as a 

point {or small space) within the vol.De formed by these 

dimensions (axes). In classification ... instantaneous changes· 

may occur along any or all axes; therefore, this point is 

dy~amic and· may. occur- anywhere -withiil this volume. Thus, a 

classification should be 'appropriate anywhere within the 

entire vol.ume, and not: just to a particular region. What is 

needed. is a dynamic concept to deal with a dynamic problem. 

~J!!J;!HAJ. £PJ1CEH Ql !lllllMJ:C ~MgfJS::ATIQ! 
It would seem. th.at a new conceptualization of the 

classification process could be useful in overcoming some of 

the above problems. This new conceptualization is contained 

within a concept of dynamic classification. This concept is 

not an extension of conventional classifica.tion, but a 

refinement and formalization of the principles behind 

conventional classification. As such, conventional 

c1assification operates within this general concept. 

However, dynamic classification is not constrained by many 
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of the problems common to conventional classifi.cation 

procedures a.nd thus may be a more powerful technique. 

Like convention.al. cl.assifi.ca.tion, dynamic 

classifica\tion is taxonomic in na.ture; both serve to assign 

contextual. and. informati.onal significance to sets of 

objects. Whereas conventional classification is a process 

of placing objects into discrete classes, dynamic 

c1assi:fication categorizes along a continuum. Dyna1uic 

classification has 5 major chara.cter·istics: 

1. It de-emphasi.zes boundaries and is gradient 

oriented. 

2. rt is deliberately tentative .. 

3. It is utilitarian and capable of change based on 

changeable objectives .. 

4. It is not hiera.rchical since any nu:mber of 
I 

attributes may be used as :c:·elevant criteria. 

5. It is not necessaril.y li.near, hierarchical, 

phylogenetic, or with evolutionary founda.tion. 

Convent.ional classifi.catio.n methodology involves 

examination of objects or entiti.es. {For the sake of 

simplicity, they will. be called objects.) These objects 

possess certain traits (called the relevant attributes) 

which may be measured along a series of continua. 

Similarit1 among objects is determined (somet.im.es 
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arbitrari.ly) and groups are established by splitting the 

respective continua into segments. F'or each axis, which is 

an attribute continuum, objects having attributes within the 
I 

range of a specific seqment are assigned to that segment. A 

group of objects exists in a seqment and is considered to be 

essential.1.y hom.ogeneous. 

:en contrast, dynamic classification does not have the 

group as the :fundamental unit. Rather, the set of objects 

to be c].a.$Sified and the multidimensional. set of relevant 

attributes are hndament.a1. '!'he objective in dyna.mic 

cl.assifi.cation is to identify the rel.eva.nt attr ilmtes o:f 

each object and to describe the object in terms of these 

attributes. 

~ ~heoret}.~a). Nature 2! Obj~!§ 
The term •object" refers to an entity 'to· be classified. 

1.:n general, objects are usually physical (but may not be), 

and can be defined with respect to a set of attributes. 

Objects possess an infinitel.y large set of descriptive 

attributes, and under the general concept. of dynamic 

classification an obj·ect is d~ined by that set of 

descriptive attributes. Al.though the object to be 

cl.assified may be a physical. real.ity, it is considered to be 

dimensionless under the concept of dynamic classifiqatio:n. 
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'?hat is, the object exists conceptua1l.y as an infinite1y 

l.arge set of descriptive attributes. '?he physica.l 

referrents, such as weight, col.or, and texture, that give 

conceptual meaning to the observer are contained within t.he 

attribute set. Therefore, if the observer knows something 

about the attribute set, he knows something about t.he 

object .. 

:l~ '?heoretica1 Natur§! 2! Atti;!bute~ 
Thfi! concep1;. of an attribute is central. to the concept 

o:f dynamic classification. Attributes provi.de a frame of 

reference for the description of objects. .l given attribute 

exists as a continuum, with the precise characteristics of a 

'given object occupying a point this continuum. ~he precise 

poi.nt occupied by an ·Object along an attribute con.tinuum is 

call.ea the "characteristic" of that object with respect to 

that attribute. It should .be remembered that many 

attributes may be associ(lted with a given object, and 

therefore, that object may possess many characteristics with.' 

respect to these attributes. However, the number of 

characteristics is equal to the number of attributes at any 

given instant in time. 

In most cases, an attribute axis may be con.tinuous. 

However, it is conceivable that this may not always be so; 

1 

I 

I 

I 

I 
I 
I 

I 
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an axis may be discrete in riature. For example, in one 

sen..se, the nature of an e1ectromagnetic charge is not 

continuous; it i.s either positive or negative. In such 

cases, the attribute axis is retained within the concept of 

dynamic classification, but it is reduced to a line (a:.d.s) 

of only Z points--a poi.nt representing a. positive charge, 

and one represent.ing the negative. 

From a theoretical standpoint, attributes are enip.irical 

in nafure. However, in reali"c:y, precise a.:nd accurate 

measurement of some attributes may be difficult i.:f not 

practically impossible.. While the problems of accuracJ and 

precision may be bothersome, they do not detract f'rom the 

basic premise that the characteristics of a given object are 

empirical (at least theoretically) ar1d may be represented as 

a series of points along a series of attr·ibute continua. 

Although the total number of attributes possessed by or 

assignable to an object :may be infinitely large, the number 

used to describe a particular object may be finite. 

Attributes may be used to describe the physical, functional., 

or esthetic nature of an object. Examples of physical 

attributes are weight or volume. Forest site index is an 

exampl.e of a fun.ctiona.1 attribute, while opportunity cost 

exemp1ifies an esthet.ic attribute. 
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-
Attributes may be pl.aced in 2 main .gx:oups., They may be 

1abe1ed as •natnra1" if the attribute is a naturally 

occurring characteristic of the object. However, i.f an 

attribute exists sol.el:y within the context of a particular 

classification process,_it may be cal:l:ed a synthetic 

attribute. An example of this type would be the suitability 

of an object for some purpose relevant to the objectives of 

the cl:assification. :rn this case, the index of suitability 

exists only for the purposes of a specific cl.assification 

schem.e, despite the fact that the suitabil.ity exhibited by 

the object for the intended purpose is an inherent 

characteristic of that. object. 

Implicit in the general. concept of dynamic 
I 

classification are the fol.l.owinq fundamental. assumptions: 

(1) Physical. entities may be classified on the basis of 

one or more definabl.e attributes or combinations of 

these attributes; 

{2) ~lie total. set of at.tributes possessed. by a. ph;rsical 

entity is potential.1y infinite·l.y large;-

(3) some of these attributes may be measured 

quantitativel.y with acceptabl.e accuracy; 
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(4) Attributes may be characterized as contiuua with 

ranges from zero {total absence) to infinity (or 

saturation), or from O to 100 percent; 

(5) The frequency distribution of characteristics of a 

finite set of objedts with respect to a particular 

attribute along th.at attribute continuum may be 

normal, but is not necessaril.y so. 

(6) Attributes are not fixed and may change o~er time. 

(7) Attributes. are not necessaril.y independent of one _, 

another. 

(8) A single phenomenon mar be perceived with respect 

to more than one attribute due to differences in 

role or function in a complex system, or due to 

objectives of the cl.assification itself. 

l!imitatj.,o~ 

Unfortunately, the dynamic classification concept is 

not without limitations. In dynamic classifica ti.on, the 

poten.tia1 temporal variability of attributes is acknowledged 

and dealt vith explicitly. However, because performing 

continuous classifications is technologically and 

financial.ly impractical., both dynamic and conventional 

classifications must he done at temporal intervals .. 

However, using simulation techniques, cl.assificatio;ns (both 
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dynamic and conventior1al} ma.y be done at any point in time, 

whether that point is in the past, present, or future. 

Due to the impracticality of defining <:Utd ineasuring an 

infiuite number of at tributes for each object (even though 

the object may have an infinite number of charact;eristics on 

which classification may be based} , a finite set o:f 

attributes mus·t be used. This may be necessitatecl by the 

1.ack of av·ailable information on the total. attribute set or 

the infeasibility of obtaining this information. In 

actuality, it is impossible to have complete and perfect 

knowledge of an object. Thus, in the real world, att.rilmte 

sets of a size limited by practica.l.ity must be used. 

To dent011strate the fundamental difference between 

conventional classification and dynami.c classification, an 

analogy will be drawn which involves a set of objects {where 

the objects may be tanqibl.e or intangible) • For t.he sake of 

sintplicity, the example will. be restricted to a s~ngl.e 

dimension.. All objects are assumed identi.ca1 except for a 

single relevant attribute, lig·ht refl.ec:ti'itity. In the set 
I 

of objects, .some are black (or almost black), some are wh.ite 

(or aliuost so), ''and some are varying· shades of gray. Usiug 

conventional classifica.tion, an a.ttempt would be made to 
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establish a finl.te number of groups from the attribute set .. 

However, in dynamic classification, groups are not cr·eated. 

Rather, the task is one of determining whe:re al.ong the 

attribute contin.uum each object is to be placed. 1~his :is 

accomplished by accurate quantitative measurement, such. as 

obtaining a light meter reading for each object. '.l'hu.s, in 

conventional. classification, a nu.mber of groups containing 

simi1ar objects would be establ.ished, with the m1mber of 

groups varying as a fw.1ction of the information needs of the 

user. Regard.less, the number of groupings established i.n a 

single-factor conventional cl.assi.ficatio:n w·ill be less than 

or equal to the total number of objects to be classified., 

(However, when the r.m1riben of groups equals the number of 

objects,. part of the utility of convention.al classification,. 

namely aggregation, has been lost.) 

A prima.:r:y difference in the two approaches is i.n the 

amount of inf or ma tion qaine.d from the classif.ication 

process. :rn conv·ention.al classification, inforination 

consists of fl} a general.ization about the attributes of 

each group, and (2) the constituent members o:f each group. 

Beyond the group level., nothin.9 is known ~bout the 

characteristics of individual group members. In a. dynamic 

cl.assificat.ion, generalizations are not made, as the preci.se 

attribute characteristics about ea.ch object in the set ar.·e 
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considered. In effect, each object is a group, except for 

those groups composed of hlenticaJ. objects (e.g., those 

having id.entica.1 light reflectance). 

The generalizability problem, that is, the inability of 

a classification scheme to be universally applicable~ does 

not occur in dynamic cla.ssi.fication. In conventional· 

classification, emphasis is placed on determining similarity 

among objects. An effort is made to determine which are 

most a.1.ik.e or different. Secondary emphasis (if any) is 

placed on the significa.nce of the attribute continu.wn. 

Frequently, in conventional c1assification, not only i.s the 

entire range of the attribute continuum unknown, but only 

portions (i.e., those contai.ning groups) are consideI."ed. 

relevant. However, in the case of dynam.ic classification, 
~ 

the attribute continuum is fundamental to the categorization 

process. Thus, with the a priori assumption that the 

attribute continuum exi.sts and .is definable, the problem of 

where to place objects unl.ike any that have been classifl-ed 

previously 1s reduced. to t11e task of deriving a quamtitat:ive 

measurement o:f the new object:. 

In conventional classification, the assumption that the 

attributes of an object are constant is in1plici t. This 

assumption is not made in dynamic classification. 

Attributes of objects are recognized as potentially 
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changeable; thus, the temporal :limitations of a 

cl.assifi.cati.on are realized.. However, in d.ynamic 

classification, attriJ:iutes known to be dynamic over time may 

be predicted by technl.ques such as computer simulat:i.on, 

ther~by overcominy temporal restrictions. 

The fundamental. problems of conventional. cl.a.ssifica.tion 

mentioned previously are not unique to single-criterion 

classification, but are also encountered in mul tifactor 

cl.assifica.tion.. Whereas single-factor classification 11ay be 

perceived as operating in a sin.gl.e di.mension, ft"1ul:ti:factor 

classification is a.n attempt to categorize objects in a 

multidimensional liypervolume. For example, a conventional 

c1assi:fication in 3-space (i.e .. , in 3 dimensions) vould 

entail 3 relevant attributes. With such a classifi.cation, a 

class is represented as a discrete (hyper) volume and the 

objective is to place objects wit.bin appropriate 

(hyper) volumes.· In contrast, in a dynamic classification 

approach, classes are assumed to exist as g·eometri.c points, 

and objects are categorized based on their respective 

relative coordinate positions within the hypervolume defined. 

by the attribute continua axes. 

In dynamic classification, an infinite set of 

attributes is assumed expl.icit.ly; no such assumption is m.ade 

in conventional classification.. Any· number of these 
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attributes 11a.y be used in dynamic classification. Herein 

lies the utility of the dynamic classification concept-• By 

using selected attributes, specific information relative to 

precise.informational needs of the user can be 111:et. Thus, 

the power of dynamic classification as a dynamic source of 

precise information is apparent. Howev·er, the use of onl.y 

selected attributes does not preclude or deuy the existence 

of a very large number of other attributes. Rather, the use 

of selected attributes may reflect specif:ic informational 

needs of a user. 

Iii th conventional. cl.assifica tion. a class is expressed 

as a vol.ume (or hypervolum.e), with physical. dimensl.ons fixed 

over tim.e. However, in nature, entities rarely reaain 

constant or fixed. Thus, with conventional. cl.assif.ication, 

entities· vhof:!e characteristics tend to change over time may 

be said to migrate from (hyper) volume to (hyper) vol.ue, 

dependinq on the current, status of chan9·eabl:e attributes .• 

In dynamic cl.assifica tion, · changes in the chara.ct.eristics of 

an object are manifest in the migration o:f a point 

{representinq the object) t.hrouqh a hyperspace. This 

migration will follow a trajectory dictated by the rate of 

chanqe of the characteristics with respect to the entire 

attribute set. The benefit of dynamic classification in 

this sense is that it allows the examination of the precise 
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trajectory (or behavior) of individual. entities over time, 

whereas conventional. classification all.ows only an 

examination of the progression or sequence of classes 

occupied by an object through time in a steppingstone-like 

manner. 

TUE :j:JSTEICONl'ECUDNESS .Ql £lt~?§IPICATIOI CONCEP~ !ID 

E'COLOG:tC~;t. TBEO R'1 

In his classic discussion of the theoretical concept o:f 

the niche hypervolum:e, Hutchinson (1958) proposed that a 

species may exist. and persist within a bounded hypervolume. 

The axes of this hypervolume represent al.l. the environsental 

gradients operant on the species under study. Upon closer 

examination, it can be seen that the defini:tion of a niche 

hypervolwne is analogous to the definition of a class in 

conventional classification. Thus, articul.ation of a niche 

hypervolume is in essence a classification effort in which. 

the group (i.e., the niche hypervolume) is a delineat1on of 

the suitabl.e conditions under which a qiven species may 

exist .. 

Under conventional classification theory, classes are 
\ 

assumed to be essentiall.y homogeneous (Cormack 1971} • 'Tha.t 

is, the space inside the hypervolume is homogeneous vi th 

respect to the objectives of the c.la.ssification. However, 
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it cannot be said that the space inside a niche hypervolume 
I 

is hom.ogenous. As Wuensch.er (1974) stated succinctly, 

"Clearl.y, soma reqiQns within the n-dimensional niche volume 

will be more favorable for ••• [some] species than other 

species... Hutchinson •s (1965) concept of realized niche 

also supports this contention. 

Under the premise that certain regions with:ln a ni.che 

hypervolume represent condit.ions more suitable to the 

species than those of other regions, it aust be assumed that 

an optimum region, or point, exists within that hypervol.ume. 

This optimum req1on may occur anywhere within the niche 

hypervoluire and no assnmption of a central tendency should 

be implied. :rf this is indeed so, then the 1ocation of that 

region or point may be derived by defining the optimum range 

of conditions, or optimum point (s), a1ong each of the 

hypervoluae axes. 

In con.ventiona1 habitat classification, a finite number 

of environmental parameters (axes} are extracted :from the 

niche hypervolume. These parameters are then used to 

construct axes for a classification unit. Boundaries are 

set al.ong each axis, and the resultant hypervoiume is 

considered to represent suitable habitat. Considering land 

areas to be objects, these areas may be categorized as being 

suitabl.e or unsu.itable habitat for particular speci.es. More 

/ 
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specific classi.fications may be perfoz::111ed by creating a 

series of cla.sses that converge concentrica1.ly 011 the reg.ion 

of optin1.ali ty with respect to the axes consi.dered. 

Conventional habitat evaluation utili.zes a similar 

procedure. However, in ha.bi tat evaluation, the objective is 

esse11tia1.l.y one of determining how closely the environmental. 

conditions on the site being evaluated approximate the 

opt.imal envirom11:ental conditions with.in the niche 

hypervolume. 

In a dynamic classification, an object (e.g., pa.reel. of 

land) can be described by a point within a hypervolu•e 

defined by attribute axes. Using this concept, it is 

theoretically possible to define an object (here a pa.reel of 

land) as a point within the niche hypervolum.e of a 

particular specl.es. Simil.arly, usinq dynami.c 

, classi:fica.tio:n, it is possible to define that object as a 

point within a hypervolume defin.ed by a :finite subset of 

niche axes. 

Thus, the interconnectedness of classificatio11 theory 

and ecological. theory in the form of the niche hypervolume 

concept is apparent. They are compatible conceptually in 

that both can be shown to share a common geometric language, 

as both attempt to explain multivariate relationships in 

geometric terms .. 
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APPLIC.ATI~ ~ DYN!!il£•CLAS~If1£ATIO~ ll JILP!ot:IFE 

r!ANAGEHEHT 

The general. concept of dynamic classif icati.on has many 

potential. applications. However, the particular use that 

·was examined in this research was in the field of wildlife 

management. 

m:anagement, wildlife management included, thrives on 

pertine.nt information. J:n' the early days of wildl.i.fe 

·management,. major ~mpb.asis was placed on studying life 

histories to derive necessary information for management. 

As the ha.bi tat and niche requirements of more and more 

wildlife species became known, emphasis was shifted to 

analyzi.ng habitat in an effort to determine which areas 

could provide the necessary animal. requirements. Habitat 

eva1uations followed and served to synthesize analysis data. 

into information about the suitability of an area for 

various wildlife species. 

However, in recent years, wildlife mana.gement efforts 

have been engaged in more extensive scales than. in the past. 

Many wi.l.dlife managers are becoininq responsible for a wine 

variety of species. others are finding themselves 

11responsible not only for wildlife management, but for a 

variety of natura1 resources falling under the umbrella of 

land management. Along with the expanding area of 
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responsi.bil.ity has come a need for more ertensi ve 

information about the l.and and its suitabi1ity for a variety 

of uses, includ:i-ng use as wlldl.ife habitat. 

Fortunatel.y, technol.ogical advances have been m:ade to 

meet some of the information needs of the modern land 

manager. The recent advent of extensive geographic . 

information systems has changed the perspective of land 

cla.ssification. Govemm!'!nta1 efforts, such as l.Alil)SAT and 

GIRA.S (Mitchell et al. 1977) can provide vast amounts of 

extensive data on the l.and resource while maintaining high 

degrees of spatial data resol.ution. Future projects wil.1 

undoubtedl.y produce even hiqher-resolution data. 

Thus, technol.oqy is at present capable of providinq the 

1.and manager vi th ext~nsive data bases at a resolution 

appropriate for f ai.rl.y intensive m~nagement efforts. 

Unfortunatel.y, conventional. classifications have been used 

by l.and aanagers to synthesize these data into easily 

assimilated form~. rnasm1uch as conventional. classification 

is a process of generalizing, e~ensive data o:ften become 

reduced to information. of a general nature. :It is therefore 

proposed that the use of dynamic classification would avoid 

the - inadvertent l.oss of resolution in information resulting 

from generalized conventional classification schemes. 

Specifically, in usinq dynamic classification to categorize 
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wildlife habitat, it is believed that information. may be 

produced at the saite resolution as the basel.ine data (i. .e., 

the ori9inal set of objects to be classified) , or when 

necessary, this information may be reduced to a more 

qeneralized·form. It will. be argued that information 

derived from dyna1t.ic classifi.ca tion is potentially of a 

finer resol.ution and is more attuned to the informational 
~ . . . 

needs of the classifier than information derived via 

conventional means. 



Chapter IV 

l'.N'lRODUC'll:OH 

Herein, an attempt was made to propose a concept. An 

articul.ation .of the fundamental. nature o.f the concept and a 

declaration of its need were basic aspects of the 

methodology of the research described. Within this chapter, 
i 

~mphasis will. be on demonstrating the utility .of the concept 

and on validating that concept. 

UTILITY 

In this research, a dynamic classification approach was 

appl.ied within a computerized wildl.ife ma.nagement 

information syste11. Specifically, information. about 

wildl:ife habitat was produced under the contention that 

increased habitat information could result in increased 

effectiveness o:f certain wildlife management efforts. 

Because of the importance of spatial. arrangements within 

wildlife habitats, information produced by this system was 

to he displayed as maps. 

Thus, a primary goal of this research wa.s to develop a 

system that (at least in theory) could supply the type of 

information needed at the resolution required. In order to 

60 
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permit widespread usage of this experi.aental application, 
\_ 

the information system was designed to be de1iberately 

simple and easy to use by potentia1 users lacking extensive 

coaputer tr:aininq and equipment. It was believed that by 

articu1a:ting a methodology for thi.s inform.ation system 

system, the advantages and l.imitations of dynamic 

cl.assification might be discovered and made expl.icit. 

S;t!l9l'. Areas 

Shenandoah National Park 

In order to use dynamic classification in a variety of 

situations, 3 study areas were chosen. One study area was a 

8750 ha. portion of Shenandoah National Park contained within 

the f!cGaheysville Qnadrangl.e. The entire 'Park is located 

along a narrow, irregul.ar mountain ridge running from_ Front 

Royal.,, Virginia to W~ynesboro, Virginia. Shenandoah has 

been cateqorized by Braun (1950) as representative of the 

Northern Blue Ridge Section of the oak-chestnut: Forest 

Region within the Eastern Deciduous Forest Formation. Ridge 

tops and slopes are genera11.y xeric, while the sparse coves 

are characteristical.ly mesic, and support cove hardwoods .. 

Although overall forest site qual.ity is l.ov, the Park 

supports, large populations of white-tail.ed deer (Odocoileus 
- ' 

vkginiyu§) and black bear (Urpu~ ye~icanus) , as well as 

other. wildl.ife species. 



62 

George Washington National Forest 

A second 1927 ha study area was located on Peters 

Mountain in the Jam.es River Ranger Di.strict of the George 

Washington l\Jational Forest, Virginia. Vegetation of the 

area has been described in detail by Adams (1974) • Like 

, Shenandoah National Park, the area is typical. of the 

Appalachian uplands •. Bo~ever,-tmlike the Shenandoah area, 

this area is ourrentl y mana9ed for timber producti.on, and 

publ.ic hunting is perld tted.. The area supports po·pu.1.a ti.ons 

of a variety of wild.life species; however, numbers of the 

large game anaals are typicall1r 1over than in the 

Shenandoah area, perhaps due to the sanctuary conditions in 

the former area. 

The Great Dismal swamp 

A third area used in this study was the Great Dismal 

Swamp, l.ocated near Suffolk, Virginia. This study area was 

very different from the previous areas in that it was a 

coastal plain hardwood swamp. The other areas were 

mountain.ous hardwood f'orests. The Disma1 Swamp study area 

was considerably 1arqer than the other study areas, 

comprisinq approximately 84,890 ha (Gaamon and Carter 1979) • 

Predomi~ant overstory t.rees in the Di.smal. swamp included 

black gua (!I~~ §!llatica) , swamp tupel.o (!• !;gyat:ica) , a.nd 
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red maple (Ace~ ~~!!) (Gam:mon and Carter 1979, Levy and 

Walker 1979) • comaon mast bearing trees such as oaks 

(~~r~µ.§ spp.) and hickories (£arya spp .:) were conspicuousl.y 

absent due to their intolerance to the periodic flooding 

common to the Dism:al swamp (Penfound 1952). The Dismal 

swamp National Wil.dlife Befuge presently contains auch of 

the. remaining portions of the original Dismal swamp. T'he 

Dismal swamp current1y supports a variety of wi.l.dlife 

species. and at least. 30 muueal.ian species are endemic to the 

area (Beanley 1971) • The Dismal. Swamp also serves as a 

refuge for , virtuall.:t' the entire breeding popula¥on of black 

bear in eastern Virgi.nia (Bureau of Sport Fisheries and 

Wi.1d1ife 1974) • 

.§tudy Sl!~cies 

Several vil.dlife species were studied in order to 

provide diverse applications in using dynamic classilication 

to provide wi1dlife habitat information. White-tailed deer, 

wild turkey (i'ielea.qri§ gal10I!!)J2}. and. gray squirrel. 

(Sciurus carolinensis) were chosen for study in the George 

Washington Bational Forest Study area. These 3 species were 

selected. as study species on the Georqe Washin<Jton National 

Forest study area because they were typical. of the game 

species managed on National Forest lands. ~he black bear 
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has been the source of much concern and management effort hy 

officials .in Shenandoah National Pa.rk and was therefore 

chosen as a study species in that study area. The black 

beat:· was the single species stud.ied in the Dismal swamp 

area, based on spE.~cif ic objectives of a sponsoring agency 
' 

(the Great Dismal Swamp Nation.al Wildlife Refuqe) • 

Selection of study species was admittedly both 

arbitrary and opportunistic. Regard.less, these wildlif.e 

species were~ typical of the many species of wildli:f e (both 

game and non-game) being managed on public and private lands 

and about which information is needed by ruanag·ers. These 

species were therefore regarded as representative study 

species for an application of dynamic classification t.o 

wildlife management. 

!!S:.t5 Base Constructioa 

Prior to actual data collection, it was necessa.r1 to 

determine exactly what types of data were n.eede·d. This 

began with an articulation of a set of relevant a.ttrihutes 

by those parties considered to be the users (i.e .. , 

management. personnel. fur the respective study areas) • 

Further insight into the types of information need.ea. 

was ga,ined through the a.dministration of question:na.ires to 

experts in the field.. Questionnaires were sent to 55" white-
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tailed cleer bio1ogi.sts, 37 bl.ack bear bio1ogists, and 1 

black bear bi.ologi.st.s familiar with bears in the Atlantic 

coastal region.. However, in all cases, the task of data 

coll.ectior.t was one of collecting data pertinent to the 

information needs of management. 

In some cases where natura.1 attributes were considered 

among the set of relevant attributes, da.tai about' these 

attributes coul.d be collec."ted directly from existing 

sources. For example, data on d:istance to water were 

recorded, directly from maps. In cases where direct 

measurement of natural a.ttribu:tes was impractical (e.g., 

hard· mast pz:oduct.ion) , data were estimated using known 

relationships between the estimated attribute and existing 

data sources (e.g ... , forest stand type and stand age}. 

Collection of data relative to the formation of 

information on synthetic attributes was performed in a 

simila.r manner. Where possi.ble, data pertinent to the 

creation of synthetic attributes were collected directlJ. 

When this was impossi.ble or infeasible, estimation was 

necessary .. 

. Selection of natura.1, rel.avant attributes was based 

primarily on the stated inform.a tion needs o:f the mana9ing 

parties of the respective stucly areas. Establishment <Jf 

this attribute set was accomplished by a literature review, 



66 

personal communication with bi.o1ogists, throqgh the 

questionnaires sent t.o biolo9ists, and from information from 

officials responsible for the respective study areas. 

~ Encod.ina 

From a strict theoretical. standpoint, a land area may 

be considered to be a bounded surface composed, of an 

infinitely large number of parcels, each possessing an · 

infinitely sm.a11 area. Each of th.ese points of land then 

may be considered to be an object subject to dynamic 

classification. Although using an infinite number of 

infinitely small parcels to describe a land. area would 

1 maximize the amount of descriptive data, about that area, 

such an approach is obviously' impossible, since it would 

necessitate the generation and manipulation of virtually 

infinite amounts of data. Thus, a method. for systema:t.ically 

sampling the characteristics of a. land area was needed .. 

Fortunately, the underlying theory of dot systems for 

encoding data. (Meyers et al. 1979) .i's simi.lar to that of 

dynamic classifica,tion. Dot systems are si~il.ar to gr:id 

cell. systems in that regular patterns a.re overlaid on a base 

map. However, unlike cell systems, in which the predominru:1t 

feature or attribute level of a cell is recorded, in dot 

systeutS the attribute level at the dot is recorded. 1'hus, 
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dot syste1n.s are essentially systems for sampling attribute 

levels across a landscape continuum. 

Dot 9tids were arranged ir1 a. reqular rectangular 

pattern, with 120 rows and 120 columns per grid. Grids were 

aligned along the true north-south axis o:f maps to be 

'encoded .. Using the 120 by 120 grid pa.ttern registered to a 

7 1/2 min. tJnited Sta. tes Geological SurveJ t.opographic base 

map, dot c."enters represented on-the-qround distances of 

97 .08 m in the north-south di.rect:ion and 115.66 m i.n the 

east-west direction. 

The selection of a 120 by 120 grid (data matr.ix) was 

stri.ctly a matter of oon,venience; grids of different 

dimensions could have been used. However, an arra2 of these 

d.imensions is handled easily by computer progra111s a.nd 

represent . .s almost a :full pa9e width when di.splayed by a 

computer line printer. Selecti.on of the 7 1/2 min. 

topographic liHips as base maps was a.lso somewhat a.rbitrar:y. 

Use of topographic 111.aps as ba.se maps resu.lt.ed in computer-

gene:i:::ated maps in which a printed character represented 

approximately 1.1 ha. 

Data on relevant attributes for each sample poin't. (dot) 

were collected directly fro.m existing maps, or were derived 

ir.1.directl.y, using known relationship.s of the at tribut.e to 

map in.formation. A sepa.rate map was encoded for each 
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relevant attribute and for those characteristics to be used 

in generating synthetic attributes. 

Data to be used for subsequent computer analysis or 

display were encoded both manually and through electronic 

means. :rn either case, a11 thematic maps to be encoded were 

regist~red to an appropriate topographic base map. 

I:n the manual encoding procedure, a transparent grid 

sh.eet of the proper dimensions was overlaid on the m.ap to be 

coded. B~ause of specific input requirements of the 

computer program used to read map data, aaps were encoded as 

left and right halves. That is, each map was encoded. as a 

series of rows, each with 60 columns. i'hu.s, each map was 

composed o£ 14,400, data el.ements in 240 rows consisting of 

60 rows each. A11 thematic data were recorded on standard 

data. coding sheets. Data from these sheets were th' en 

Jteypunched onto 80-co1umn punched cards. 

Early into the project, electronic digitizing equi.pment. 

became available, permitting a rapid method for encodi.ng 

data. l Bu1tonics Plode1 237 Graphics -Calcul.ator/digitizer 

(Numonics Corp., Landsdale, Pennsylvania) and a Tektronix 

~4051 minicomputer (Tektronix Inc., Beaverton, Oregon) were 

used to encode data electronically. Using this equipment, 

areas containing similar amounts of a given attribute were 

digitized as polygons_. 'lhus, an entire map of a partictilar 
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attribute was recorded as a. patchwork-1.ike aggregation of 

polygons. Modifications of 2 commercially-avail.able 

computer mapping programs (Federation of Rocky Mounta.in 

States 1971) were used to convert this po1ygon data into a 

grid format. 

Late in the study, a Tektronix 4956 digitizing tablet 

and the 4051 minicomputer were used to encode data. Usinq 

this equipment, data were recorded in eel.I format and a gr:i,.d. 
I 

over1ay was placed over the map to be coded. The 4051 

minicomputer was programmed to all.ow the data coder to 

define the perimeter cells of a homogeneous area, and then 

fill. in the interior cells with the desired va:.lue or symbol.. 

Thus,' in some respects, this procedure was similar to the 

polygon procedure. 

Software pevelop.ment 

several spepial-pu:rpose coaputer proqrams were 

developed to assist in converti.nq raw digitized data into a 

format suitabl.e for further processing into maps. However, 

due to the peripher~l nature., of these programs, they will 
I 

not be discussed further. 

The HAP4B Happing Program 

A computerized mapping system, 14AP4B, was developed to 

read and manipul.ate areal. data. Input to the HAP4B sy·stea. 
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was done via SO-col.um n punched cards, or as card images when 

the system was run from a remote terminal. Data were stored 

internally by the program during execu.tiou as a series of 

120 by 120 ma.trices, consistirxg of either numeric or 

symbolic data. Special progra1n subroutines were used to 

convert symbolic data into the necessary nunieric format 

prior to data manipulation. 

output from the· IUPQB system was in the form of a 30 .5 

by 38 .1 cm cor1tputer lir1e printer map consisting of 14, 400 

printed elements arranged in 120 rows of 120 columns each. 

Row and column nWllbers were supplied al.ong map borders for 

reference. MAP4B was used to d,isplay original input data in 

map f.orma.t (Fig. 2) • This procedure was valuable in 

checking input data for accuracy, and in detecting coding 

errors. 

Primary utility of tbe MAP4B system wa.s to nu:tni.pulate 

input data ma.trices to produce composite maps sue.a as tJ1e 

one shown as Fig. 3. These maps were generated. by either 

summing or ta,king the product of' numeric data matrices on a 

cell-by-cell basis. 

flAP4B could be used to provide a displ.ay of original 

inp-q;t data in ntap fornat. However, in situations· where data 

were numeric, or where a composi.te map was t:o be produced, a 

series of 10 contra.sting symbols was used to display 

i 
I 
I 
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Fig. 2. A computer-generated 
(index of habitat sui ta.bility as 

of an original data set 
function of distance to 

National Forest study free water) for the George washington 
.area, Virginia .. 



Piq. 3. 
for the 

72 

~ 1 : 
L%J4S47'S~1234$4799'i2:14S.799J1::i:s ... s.1a.Jt:J.a:s•1HiJ\2J~•1a~i.u_.~.,, .. ,;,:zJ,.;e:•1'39J.,a::":s41a9:12J:•:s•1e.Ju:s.f:1•....,d1:z:s,.s.1n~ 

i--------~;~t-l;~-----------! 
'J~ ~.UltT CllUNT FRI.Gum., 

'•'-••I 

z90.40 112, .. · u.101 • 
::: 1450000• \7.to.o•- U•• hZ7•· i ... 
"' "' '74Q,.JO. 

"' 
%0;$0,00• .aSso, •s· .. ••-: 

ggg 'ZOlo.oo. , .. :uo.oo- un. 141·••• ' ... ua. na- ?320.00~ 2410000 , ..... lo?\7" 't 

Computer-generated map of bear habitat 
Lake Drummond Quadrangle, Dismal Swamp, 

suitability 
Virginia. 



73 

characters. In this case, values in the output matrix were 

scaled linearly by a subroutine and placed into 1 of 10 

categories. The value of each element in the display matri.x 

was displayed as an appropri.a,te contrast.ing symbol. 

The MAP4B sy-stem will not be dwelt upon here. Specific 

information concerning the system can be found in the 

document entitled. "IUPLJB Users' Guide" whi.ch has b~~en 

included as Append.ix A. 

The PR.EDIC Program 

It was noted previously that; classi.f.ication problems 

may result when :releinmt attributes of objects are subject 

to change over tim.e. iihe11 these· changes are deterministic 

in nature, simulation or prediction may serve to forecast 

future attribute characteristics. 

:rn this study, direct measurement of some relevant 

attributes (e.g., hard mast production) was not possible. 

However, quantitat~ive estimates of such attributes are 

possible and were derived frcun available vegetat:ion data 

such as species composition and age structure of the 

overstory tree species. In this study, various relevant 

attributes were derived from. vegetation data .• 

To a la.rge extent, changes in, vegetative conditions, 

such as those caused by succession, may he considered to bt:• 
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dete.rmini.sti.c, and thus, predictable. A computer program, 

PRE DIC, was used to forecast specific vegetat.ive condit.ions 

which were useful in estimating certain relevant attributes .. 

The PREDIC program was capa:.ble of predicting percent species 

composition and diameter cl.ass distribution of lt1ajor tree 

species on a11 area of land. In the a.ppli.cation descriJ:led 

here, the areas o:f land about which vegetative pre.dictions 

were l!'iade corresponded to the sample points in the 120 by 

120 grid of saraple points d.escribed previously. 

A Markov chain approach (Moser 1978 and Hillier and 

Lieberman 1930: 372-39 0) was used within the program to 

predict diameter class distributions. A- Boolean approach 

was used to detern1ine tree species likely to regenerate 

successfu11.y on the site, based on selected bioti.c 

condit.ion.s .. 

A i'larkov transition ma.trix CI'able 1) wa.s developed for 

each of 16 major tre·e species endemic to the Shenaudoah 

National Park and George Washington National Forest study 

areas. These matrices were based on radial growth tables 

and information found in Forbes (1955), Fowells (1965), 

Gi.ntgrich (1971) , Harlow and Harrar (1969) , :Ike and Happuch 

(1968), Nelson et al. (1961), Olson (1959), Schnurr (1937), 

Sntall.ey and Bailey (1974), and Spaeth ( 1920).. Concurrently, 

an autecological table (Ta.ble 2) representing the occurrence~ 



75 

Table 1. narkov · transition matrices used to predict age 
distributions for 16 overstory tree species. 

===--~=---·==:=:==-=-- •:t1====-==..--,..:::;:---=,== 
Species 

Chestnut oak 

Searl.et oak 

White oak 

Black oak 

Red oak 

'Bear oak 

Pitch pine 

Origin dbh 
Class (inches) 

Open 
0-2 
2-5 
5-8 
>8 

Open 
0-2 
2-5 
5-8 
>8 

Open 
0-2 
2-5 
5-8 
>8 

Open 
0-2 
2-5 
5-8 
>8 

Open 
0-2 
2-5 
5-6 
>8 

Open 
0-2 
2-5 
5-8 
>8 

Open 
0-2 
2-5 
5-8 
>8 

Destination dbh Class (inches) 
open 0-2 2-s s-a >8 

0.200 0.800 o.ooo 0.000 o.ooo 
o.ooo 0.676 0.324 0.000 o.ooo 
o.ooo o.ooo 0.867 0.133 o.ooo 
o.o~~ ~.ooo o.ooo o.929 0.011 
0.038 0·.000 0.000 O.OOQ 0.962 

0.200 0.800 o.ooo 0.000 o.ooo 
o.ooo 0.700 0.300 o .. ooo o.ooo 
o.ooo 0.000 0.858 0.142 0.000 
o.ooo o.ooo o.ooo 0.911 0.089 
0.034 o.ooo o.ooo o.ooo 0.966 

0.400 0.600 o.ooo o.ooo o.ooo 
o.ooo 0.676 0.324 0.000 0.000 
o.ooo o.ooo 0.867 0.133 o.ooo 
o.ooo o.ooo o.ooo 0.929 0.071 
0.022 o.ooo o.ooo 0.000 0.9"18 

0.400 0.600 o.ooo 0.000 o.ooo 
0.000 o. 700 0.300 0.000 o.ooo 
o.ooo o.ooo 0.858 0.142 o.ooo 
o.ooo o.ooo o.ooo 0~911 o.oat 
0.037-0.000 o.ooo o.ooo 0~963 
0.200 0.800 o.ooo o.ooo o.ooo 
o.ooo 0.700 0.300 o.ooo o.ooo 
6.000 o.ooo 0.858 0 .142 0 .ooo 
0.000 o.ooo o.ooo 0.911 0.089 
0.025 o.ooo o.ooo o .. ooo 0.975 

0.400 0.600 o.ooo 0.000 o.ooo 
0.000 0.750 0.250 o.ooo o.ooo 
o.ooo o.ooo 0.870 0.130 o.ooo 
o.ooo o.ooo o.ooo 0.926 0 .. 07lt 
0.038 0.000 0.000 0.000 0-.962 

0.200 Oo.800 0.000 0.000 0.000 
o.ooo 0.124 0.876 o.ooo o.ooo 
0.0000.000 0.754 0.246 0.000 
o.ooo o.ooo o.ooo 0 .900 0.100 
0.050 o.ooo o.ooo o.ooo 0.950 
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Table 1. Markov transition matri.ces used to predict ag·e 
distributions for 16 overstory tree species 
(continued) • · 

==----==-==-=----====-==··==----=.....0-.:--==================== 
Species origin dbh 

Cla.ss (inches) 
Destination dhh ·class (inches) 

Open_ 0-2 2-5 5-8 >8 --------- ... - .-
~ 

Open 
0-2 

Virginia pine 2-5 
- 5-8 

>8 

Open 
0-2 

Table Mountain pine 2-5 
5-8 
>8 

Open 
0-2 

Whit.e pine 2-5 
5-8 
>8 

Open 
0-2 

Yellow poplar 2-5 
5-S 
>8 

Open 
0-2 

Black 1.ocust 2 -5 

Gray birch 

Sycamore 

5-6 
>8 

Open 
0-2 
2-5 
5-8 
>8 

open 
0-2 
2-5 
5-8 
>8 

0.200 o.aoo o.ooo o.ooo o.ooo 
0.000 0.124 0.876 o.ooo 0.000 
0.000 0.000 0.754 0.246 0.000 
o.ooo o.ooo o.ooo 0.900 o. 100 
o.oso 0.000 o.ooo o.ooo 0 .. 950 

0.200 o.aoo 0.000 0 .. 000 o.ooo 
0.000 0.124 0 .. 876 o.ooo o.ooo 
o.ooo o.ooo 0.754 0 .,246 o .. ooo 
0.000 o.ooo o.ooo 0.900 o .. ·rno 
o.oso o.ooo o.ooo 0.000 0 .. 950 

~ 

0 .. 400 0 .. 600 o.ooo o.ooo o.ooo 
o.ooo 0.675 0.325 0 .. 000 o.ooo 
o.ooo o.ooo 0.834 o .. 166 o.ooo 
0.000 o.ooo 0.000 0.908 0 .. 092 
0.020 o.ooo o .. ooo 0 .. 000 0 .. 980 

0.200 0 .. 800 o.ooo o .. ooo o.ooo 
0.000 o .. 117 o.883 0.000 0.000 
o.ooo o.ooo 0.853 0. 1Li-7 o .. ooo 
o.ooo 0 .. 000 o.ooo 0.857 o .. 143 
0.024 0.000 o .. ooo 0.000 0.976 

0.200 0.800 o.ooo 0.000 0.000 
o.ooo 0.716 0.284 o.ooo 0.000 
o.ooo o.ooo 0 .. 853 o .. '147 o.ooo 
0.000 0 .. 000 o.ooo 0 .. 937 0.063 
0.070 0 .. 000 0.000 0 .. 000 0 .. 930 

0.200 o .. aoo o.ooo o.ooo o.ooo 
o .. ooo o.soo 0 .. 500 0.000 o.ooo 
o.ooo o.ooo 0.670 0 .. 330 0.000 
o.ooo o.ooo 0.000 0.750 0.250 
0.250 o.ooo o.ooo o.ooo 0.750 

0.200 0.800 o.ooo o.ooo o.ooo 
o.ooo 0.117 0.883 0.000 o.ooo 
o.ooo o .. ooo 0.647 0.353 0 .. 000· 
o .. ooo o.ooo o.ooo 0.857 0.143 
0.020 o.ooo o.ooo o.ooo 0.980 



71 

Table 1. ftarkov transition matrices used to predict age 
distributions for 16 overstory tree species 
(continued} • 

::;===-:-=--=====------~-:==---:----·---====== ·== 
Species 

Red maple 

Heml.ock 

Origin dbh Destination dbh Cl.ass (i.nches) 
Class (inches) · Open 0-2 2-5 5-8 >8 

Open 
0-2 
2-5 
5-8 
>8 

Open 
0-2 
2-5 
5-8 
>8 

0.200 0.800 o.ooo o.ooo o.ooo 
o.ooo 0.716 0.284 0.000 0.000 
o.ooo o.ooo 0.853 o. 147 o.ooo 
o.ooo 0.000 o.ooo 0.937 0.063 
0~011 o.ooo o.ooo o.ooo 0.9~9 
0.400 0.600 o.ooo o.ooo 0 .. 000 
o.ooo 0.888 0.112 o.ooo o.ooo 
o.ooo o.ooo 0 .. 925 0 ~075 o.ooo 
0.000 o.ooo o.ooo 0.944 0.056 
0~012 o.ooo o.ooo o.ooo 0.988 

------~--~---~-----,~----~---------~--~------~--~~~ 
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Table 2. Autecoloqical table. -- The presence Of a 1 in a 
column under a species number indicates that the 
species i.s :found i.n conjunction wi.th the indicated 
environmental factor .. 

==·====·=:==========-'.:;';====-=·==--.:::.=========-====------==-== 
Species Number.1 

1 1 1 1 1 1 1 
Factor 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 

-- ----
Slope: :$54l 0 0 1 0 1 0 0 0 0 1 1 0 0 1 1 1 

6-100 1 0 1 0 1 0 u 0 0 1 1 1 0 1 1 1 
11-200 1 0 1 0 1 0 0 1 0 1 1 1 1 0 0 1 
21-450 1 1 1 1 0 1 1 1 1 1 1 1 1 0 1 1 
46-650 1 1 0 1 0 1 1 1 1 0 0 1 1 0 1 0 

>650 0 1 0 1 0 1 1 0 1 0 0 0 0 0 1 0 

Streart1s: present 0 0 0 0 0 0 0 0 0 1 -1 0 0 1 1 1 
absent 1 1 1 1 'i 1 1 1 1 ., 1 1 1 0 1 0 

Catastrophe: yes 1 1 1 1 1 1 1 1 0 1 1 1 1 1 'i 0 
no 1 1 1 1 1 1 0 0 1 1 0 0 0 0 1 1 

El.evation: S1000 ft ii 1 1 1 1 1 0 1 0 0 1 1 1 1 1 0 
1001-2000 ft 1 1 1 1 1 1 0 1 0 1 1 1 1 1 1 0 
2001-3000 ft 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
3001-4000 ft 1 0 1 1 1 1 0 0 1 1 1 ·1 0 0 1 1 
4001-5000 ft 1 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 

>5000 ft 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Percent open area: s1.o 0 {) 0 0 0 0 0 0 0 0 0 0 0 0 (} 1 
1.0-2.99 1, 0 1 1 1 1 0 0 0 1 0 0 0 0 0 1 
3.0-6.0 1 1 1 1 l 1 0 0 0 1 0 0 0 1 1 0 

>6.0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 

Aspect: 0-890 1 0 1 0 1 0 0 0 0 1 1 1 1 1 1 1 
90-1790 1 1 1 1 0 1 1 1 1 0 1 1 1 1 1 0 

180-2690 1 1 0 1 0 1 1 1 1 0 0 1 1 ~, 1 0 
270-3600 1 0 1 0 1 0 0 0 0 1 1 1 1 1 1 1 _ _.....,,._ ---- ---· . . - ·-

1species num.bers are as follows: 1 = Chestnut oak; 2 -
Scarlet oak; 3 = White oak; 4 = Bl.ack oak; 5 - l~orthern red 
oak; 6 =Bear oak.; 1 = Pitch pine;, 8 = Virginia pine; 9 = 
Table mountain pine; 10 = White pine; 11 - Yellow poplar; 
12 = Blac.It locust; 13 = Gray birch; 14 = Sycamore; 15 = Rea 
maple; 16 = Hemlock. 

? 
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of major tree species as a function o:f the biotic factors of 

slope, aspect, elevation, evidence of catastrophe, proxi.mi.ty 

to runnin9 water, and percent open area in the 1rici.nit:y of 

the site was prepared based 011 informat.ion frOili Haker 

(1949), Powells {1965), Har1ow cmd Harr.a.r (1969), Putnam et 

al. (1960), Shelford (1963), and Society of American 

Foresters ( 1954) • -Scientific names of tree species used in 

this study are provided as Appendix D. 

Both the Markov transition matrices and the 

autecological table were cursory rather than definitive in 

nature. Since both data sets are used as inputs i.nto the 

PREDI:C program and were not integral within the program 

proper, necessary i modifications and refinen1ents may be 1r1ade 

easily by altering the data. :rn practice. ultimate 

responsibility for the accuracy of all input data, i.ncludinq 

these 2 tabular data sets, rests with the user. 

Within the program, the autecol.ogicaJ .. table was used t.o 

create a list of species suited to the con.di_tions present on 

the site under consideration. Next, the program was 

supplied with a series of vectors composed of the 

percentages of the parcel occupied by the respect.ive tree 

species, pl.us any open area (i.e., percent of the area not 

considered to be under a tree canopy) • The percent of the 

area not under canopy was assumed to be unvegetated and was 
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apportioned equally among th.ose sped.es determined to be 

suited to the s1te. 

The program. was then used to multiply the proportion of 

the area of the site occupied by each species by t!ie 

appropriate diameter distribution vector for each speci.es. 

The set of resultant vectors, along with those port.ions of 

the area considered to be subject to regeneration .by t.he 

respecti.ve species, was then subjected to the Markov 

procedure. 

Technically, the results o:f a Markov procedure are a 

·series of probabilities indicating the probability of an 

object being in a. certain state (i.e., a given diameter size 

class) • For example, a. resul. tant vector such as: 

A= (.10, .. 10, .70, .10) 

would indicate that the probabi.li ty of being in either the 

first, second, or fourth state (di.ameter class) is 0.10, 

while there is a 70 percent chance of being in the th.i.rd age 

class. However, these figures can be tra.nslatea into 

proportions of an area occupied by individuals of each 

diameter size cl.ass. That is, it can be saia. that 70 

percent of the area within the parcel (cell.} i.s occupied by. 

individuals within the third diameter size class, with the 

remainder of the area being comprised equally- of individuals 

in the first, second, and fourth diameter groups. 
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The vector resu1 ting from the multiplication of the 

initial-conditions vector for each species present and the 

appropriate transition matrix (i.e., a table representing 

the probability of changing ov,er time from one dia1:neter 

distri.bution class to another) represented the updated 

diameter distribution vector. 'l'o this vectur was added the 

perce11t of unvegetated area resul.ting from tree mortality. 

At the end of each tiine step (5 years) , the total portiou of 

an area that had no trees (i.e., the total open area} was 

calculated. '!;his sum was the total. open area poten.tialJ.y 

subject to regenerati.on in the next time step of the 

program:. This area was then reapport.ioned, and the process 

was reiterated for the desired number of time steps. 

I.n order to test the performance of the PR ED IC program, 

a series ox 35 sample points within the lower third of 

Sheuandoab 1fational. Park was selected. Locati.ons of sample 

sites were pinpointed on a 1937 vegetation type nrnp of the 

Shenandoah Park, a 19 73 type map of the Park, and on 1 1/2 

min .. topographi:c maps. Using the 1937 map as the ini.tial 

cona.?.tions, and with additional data for the aute:.!cological 

table collected from the topographic maps~ predictions of 

vegetat.ive conditions were made for a f.i.0:-year horizon. 

Predicted conditions for each sl.te were then compaJ:ea t.o the 

1973 map. 
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Wildlife Habitat l:nfor1uation Production 
--·· - ----·. "' .... ··-·· g I -

The classi:fica.tion of a given poi.nt with respect to its 

suitability as wi.ldlife habi. tat is more than. a siuiple 

inventory of physical attributes extracted from a. set of. 

axes defining a niche hypervolume. A dynamic classification 

of an area as wildlife habitat and the production of 

pertinent man.a,gement information about the suitability of 

that site as wildlife habitat depended on the creation of 

certain artificial attributes known as synthet:lc a·tt.ributes .. 

Formulation of Synthetic ,Attributes 

Formu1ation of a simple synthetic attribute :Ls not 

difficult. The task is one of determining the relative 

magnitude of the synthetic attribute as a fun<."tion of one or 

more basic attributes. 

'!'he strategy was to develop a series of synthetic 

attributes directly rel.ating specific attributes to some 

environmental {natural) attributes. For. example, consider 

the relationship between hard mast production of an area aud 

, i.ts benefi.t to squirrels (Pig. 4) • In thi.s· case a posi:ti.ve 

correlation erlsts between the amount of benefit received by 

the squirrels and hard mast production. Thus, the n.ew. 

.synthetic attribute i.s an index of benefit, and prov·ides a 

means of de.scribing the ttgoodness" of a given area for a' 
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NATURAL ATTRIBUTE CONTINUUM 
(HARO rv1AST PRODUCTION) 

.Fig. 4, Functional r e.lationship between a synthetic 
attribute (benefit) and a natural att+:'i.bute {hard mast 
production) • 
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wildlife species (squirrels) as a function of a particular 

habitat (i.e., na.tural) attri.bute. 

It is ent.irely feasible that in some instances, benefit 

derived by a species :from a given attribute is n.ot 

independent of all other attributes. While at first glance -
it might appear that interactions could confound derivati011 

of a synthetic benefit attribute, this is not the case. 

Admit ted.ly, derivation becomes: more com pl ica.ted, but :it is 

nevertheless possible from a theoretical. standpoint. 

Consider a case involving a 2-way intera.ction in which 

t,he benefit of attribute A is attenuated i.n the presence of 

increasing amounts of attribute B. If this relationship is 

placed in a 3-dimensional. context, the interactiou between A 
l 

and B relative to the benefit attribute forms a response 

surface (Fig. 5). 

Interactions involving multiple interactions ma} be 

perceived in a similar fashion. However, in a situation 

with mu.l tiple interactious, responses of S1Jec.ies are may be 

described as a many-dimensional. hypersurface. The obvious 

dl.fficulty in this case is determining the shape 0£ that 

hypersurface. Th.e strategy usec1 in this research was to 

recognize that a large number of interactions probably exist 

with respect to the benefit derived. from a given attribute. 

However, only well-established interactions were considered. 
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Fig. 5. Response surface resulting from interaction of 2 · 
non-independent attributes. 
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Where obvious interactions were known, they were recognized 

and incorporated into, the synthetic attributes. In cases 

where interactions were not well understood, attributes were 

asswaed to exhibit independent relationships with the 

derived syntheti.c attributes. 

Functional relationsh:ips between major habitat. factors 

(attributes) and their respective synthetic benefit 

attributes were established for wildlife species within 

their respective study area.s. These rel.at:ionships were 

determined from direct knowledge of situations within the 

J study areas by personnel. on the areas. They were estimated 

by study-area management pers.onnel based on the best 

avail.abl.e knowledge, and al.so obtained from the eoncensus of 

biologists within the _general region of a study area, or 

from published information. 

Once the functional relationships between habitat 

factors (i.e., those deemed to be the relevant attributes) 

were established, wildl.ife habitat could. be described by a 

set of physical (natural) attributes, or by a set of 

synthetic attributes. Although both description techniques 

are useful, synthetic attributes have the potential of 

providinq information more relevant to the objectives of the 

classification system u.ser. 

I 



87 

-The technique of creating- synthetic attributes is of 

obvious use in provi,ding specific needed in.formation. 

However,. the true power Of this technique lies in its 

abi1ity to be used in a hierarchica1 manner. That is, 

~hybrid," synthetic at tributes may be created from first 
,,-

generation synthetic attributes. synthetic attributes may 

be used to generate a new synthetic attribute within a 

sing1e dimension. Th is procedure was used to produce an 

index of wil.dlife habitat suitability • This single 

attribute was then used to characterize wil.dlif e habitat in 

a single li•ension, i .. e.,. as a sinqle number, for any 

particular parcel of land. As a unidimensi.ona1 index,. this 

attribute was aaenabl.e to display in map form. 

In practice,. synthetic attribute data were coded 

directl.y for input into the KAP4B system,. or were generated 

from natural attribute data. Thus, synthetic map data were 

recorded as thematic data,. and were input into the llAP4B 

system a1ong wi_th the appropriate weighting coefficients for 

- each attribute. Within the program,. standard matrix 

addition and scalar aultipli,cation were used to produce a 

composite matrix: representin.9 the synthetic attribute,. 

habitat suitability. Matrices produced in this manner were 

then displayed as line.printer maps. 
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The raw input <la ta (i'"'e., the data from u. s. G. s. 
maps, forest cover maps, etc.) were assumed to be reasonably 

accurate, and it is assumed that t.hese data were encoded 

ac9uratel.y. Data extracted :from otheJ:' data bases (e .. g ., 

mast and foraige production from forest type and staFd age 

data) were derived .in a realisti.c manner consistent with 

established procedures (cf. Ehenre.ich and Crosby 1960, 

Goodrum et al. 1971, and u. s. D. A. 1971). Si1ailarl.y, 

because selection of ha.bi ta.t :factors was based on tJ1e 

opinions of experts in the field, it i . .s assumed that the 

factorial data used were relevant for evaluating wild.life 

habitat within the respective study areas. 

Habitat Suitability i!odels 

Generati.on of a final habitat index i.n the work 

performed was accompl;ished using 2 models. One algorithm 

utilized a linear a.dditive model, while the other used a 

m llltipl icative model. 

The li.near additive m.ooel 

The rationale of the linear additive model wa.s th.at 

benefits derived by the species under consl.deratio11 for the 

habitat are cumulative, and that some benefits may 

contribute more to the total welfare of the species than 

others. 
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The general· mathematical model. utilized in the MAP4B 

system took the form of the equation: 

n 
V': Eb 

j i=1 i 
x 
ij 

( 1) 

where V = the habitat value of the jth location (cell) 
j 

b =- the relativ·e contribution of the ith 
i 

synthetic attribute 

x - standardized va.lue of the ith synthetic 
ij 

attribute at the jth loca.ti.on 

i = 1,2, ••• ,n 

j = 1,2, ••• ,m. 

m = number of locations 

n = number of synthetic attributes 

rn practice, synthetic attribute data were coded 

direct.ly for i.nput into the r1AP4B system, or were: deri.ved 

fro11 natural at.tribute data. Thus, synthetic da.t.iiil\. were 
I 

recorded as Ittap data, and vere put into the MAP4B system, 
I 

along with the appropriate weighting coefficients for each 

attribute. Within the program, standard matrix addition and 

scalar nrnltiplication were used to produce a composite 

matri.x represe11tin9 the syntheti.c attribute, habita.t 

suitability. M'atrices produced in. this manner were then 

a ispl.ayed as lir.1.e printer maps. 
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The multiplicati.ve model 

A proporti.onal, or volumetric, approach was used in the 

developi11en1t of the mul.tiplicati ve model. Here, the total. 

benefit derived by a s.,-pecies from its habitat was assumed t:o 

be the product of the standardized attribute level.s. '!"his 
~. 

may be expressed as the following for mu la: 

n 
V = IT X (2) 

j i--1 ij 

where V - the ha bi tat value of 'the jth location (ce11) 
j 

x. = standardized. val.ue of the ith synthetic 
ij 

attriJ:rnte at the jth location 

i - 1,2, ••• ,n 

j = 1,2, ••• ,m 

m = number of locations 

n = number of synthetic attributes 

The basic procedure indicated above was to calculate a 

volumetr:ic index representing the total benefit front the SE!t. 

of synthetic attributes. Since attribute levels wt;:.~re 

standardized to a maximum value of 1, the maxi:!i1ui11 tot.al 

volu.n1etri.c benefit index was 1.0 to the nth power, or 1 .. 0. 

Calculated values of less than 1.0 were considered to 

repre.sent total benefit as a proporti.011 of the maximum 

potential. 
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Products 

output from the computerized habitat information systt::m 

was in the form o:f. 30 .5 by 38 .1 cm computer line printer. 

maps (Fig., 6J • nap sets were produced showing various types 

of habitat inforiiation for each of the 3 study areas. These 

. maps may he categorized as either "current status" 1naps or 

"future status" dependi.ng on the temporal. nature of the 

information produced. current status maps d.ispla:yed ha.bi.tat 

information, such as habitat sui:tability, based 011 curren.t: 

conditions; future status maps were projections of habitat 

conditions based on predi.cted data. 

"Current status» maps 

Maps. depicting the current habitat suitability status 

for black bears were produced for the Shenandoah National 
' 

Park and the Disma.1 'Swamp stucly areas (Figs. 6 ;:mil 7) • 

' Habitat suitability maps for white-tailed deer, wild turkey, 

and gray sgui:rr.el were produced also for the George 

Washington National i'orest study area. Specific procedures 

used to deri.ve habitat suitability for these 3 wildlife 

species were described by Whelan et al.. ( 1979) • The process 

used to assess black bear habitat suita.bility in the 

Shenandoah Natl.onal Park study area has been described in 

~etail by Williamson and Whelan ( 1980) • Sitllilar-1.y, black 
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bear assessment procedures used in the Dismal Swa11p were 

discussed by Williaason et al. (1981) • 

Habitat suitabil.ity m.aps we;re produced using the 

compositing operation accordinq to Eq. 1, (i.e., using a . 

linear additive uodel.). Additional: maps showing habitat-

rel.ated information such as pote:ntia1 black bear breeding 

areas in the Shenandoah Park study area (Pig. 8) and 

prospecti-.e bear denning sites and vegetative interspersion 

in the Disaa.1 swamp (Figs. 9 and 10, respectively) were 

prepared also. 

"Future status" ·'maps 

The PBEDl:C program was used to predict future 

ve.getation characteristics on the George Washington National 
~ 

For~t stud.y area. The results of this program were then 

used to estimate (predict) future habitat suitability for 

· wild turkey using the linear additive model. '?he algorithm 

used to calcu.1at,e futui:e habitat suitabi1i.ty for wil.d turkey 

was modified from that of Wi1l.iamson and Koeln (1980) and 

Whelan, et al. (1979). :en the modified alqorit:lun, al1 

factors were assigned equal weights {i.e., "b" values in Eq. 

1). Factors and standardized values are given in Table J. 

A current status habitat sui tabllity ma..p for wi1d t.urk.ey was 

prepared using th.is m od.ified al.gorithm to permit detection 
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Table 3. Environmental. factors and standardized values 
used to assess wi1d turkey habitat on the George 
Washington National Forest study area, Virginia.. 

===· -=:::;=:r== ~----====:;;::;:.---=-=-· ---. ----:===;::---==== 
Factor Amount . Value 

Kast diversity• 

water2 

Openings a 

Roosts,. 

>5 
5 
4 ' 
3 
2 
1 
0 

<0.50 
0.50-o .75 
o. 75-1.50 

>1.50 

<0.50 
>0.50 

<0 .. 50 
>0.50 

9 
8 
7 
5 
3 
2 
0 

9 
1 
4 
2 

6 
0 

6 
0 

t:Expressed as nu.mber of mast-producing trees in the species 
composition. 

2Expressed. as :miles to persanent free-standing wa.ter. 
3Expressed as miles to a site h.a.ving at least 80% of its 
area open or in the 0-2 in. dbh c1ass. 

•Expressed as distance to a si.te having a pi.tie component of 
at least 20". 

' \ 



99 

of changing habitat trends over time as compared to original. 

habitat c0nditions. Habitat suitability pred.icti.ons were 

made for periods of 50 and 100 years in the future. 

In order to demo nsttate the use of such a prediction 

procedure, habitat suitabil.ity ,:forecasts were prod.uced under 

2 simulated forest management strategies--a wil.dern:ess mode 

in which no timber harv·esting was permitted, and under a 

timber harvesting regime in which a location (i.e., a cell) 

was ha.rv·ested (reset to an open area condition) when 60 

· percent of the location was occupied by trees in the 8 inch 

and above dbh (diameter breast hi.gh} size class. Habitat 

suitability forecasts were made ·for periods 50 and 100 years 

into the future. 

A map of original. (current) habitat suitability for 
.· ·. . . . 

wild turkey is shown as Fig. 11 • Maps of predicted habitat 
\ 

suitability under the siaul.ated forest •ana.gement strategies 

are shown as Figs. 12 ,13, 14, and 15. 

An objective of this study wa.s to demonstrate the 

validity of the concept of dynamic classification. To 

accomplish this task, an epistemological approach was 

employed. 
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Bpisteaol.oqy is the study of the theory of knowledge 

(Wartofsky 1968: 12-13). Ill epistemology~ questions about -

the-origins of knowledge,_~ow one acquires knowledge, and 

the forms of val.id argument are addressed and analyzed .. 

Whi1e the former topics have been the subject of much 

philosophical. controversy, and will not be discussed 

further, the latter is central. to the methodology used' in 

this research. 

Various epistemological approaches and bases exist for 

substantiating a given argument. The process of validating 

or su.bstantiating may be sensory (experiential) , 

probabilistic (statistical.), pragmatic (worka.bl.e, tenable), 

authoritative, inductive, or deductive in nature. These are 

a few of the aajor epistemol.ogica.1 bases in which tb.e 

validity of an argument or proposition may be rooted. 

Neverthel.ess, it i.s through such bases that,peop1e come to 

accept., to believe, and eventual.ly, to gain knowledge. 

outside the science of mathematics, establishing- a 
' definitive and undeniabl.e proof of a proposition is 

difficul.t, if not impossibl.e. Bo attempt bas been made to 

prove the concept of dynamic cl.assification. Rather, an 

attempt was made to establish the validity of this concept 

using a variety of episteaological. arguments. It will be 

ar9ued that the fundamenta.l concept of dynamic 
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I 
classification may be substantiated to a degree 011 each of 

several epistemological bases. while a single 

epistemol.ogical base may provide sufficient validation, 

several were used to support the concept, and ·therefore, 

better assure its truthfulness .. 

Inductive lilid.ation 

The priIIH1ry epistemological base used in this study was 

induction. .For obvious reasons, the concept of dynamic 

classification could not be analyzed under all possible 

conditions to which it might be applicable. Thus, an 

application of dynamic classification was used in an 

experimental situation in ord.er to provi.de a basis for an 

inductive substantiation. 

f ;qa.gp! si;t!~ valid atfil 

The argument that dynamic classification possesses 

validity on the epistemological base of pragmatism: was 

investigated. However, the counter argument was used to 

study the •alidity of the concept. That argument was that 

con11entional habitat classification systems tend to fail 

both. at small. scales and at large, regional. scales. At the 

small scal.e, groups may be too 1arg·e, and sufficient 

i.nformation is not produced at the resolution desired.. At 
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larger seal.es, qroups may be too smal.l, resulting in a 

condition of infoaa.ti.on ove:r:1oad. In this case, resu1ts 

such as /maps are said to be "noisy," a term bav_in.g 

signif:ica.nce in information science. 

Other counter arguments considered were that present 

habitat information systems cannot accoJJtmodate readi.ly 

outliers (i.e., those situations having conditions unlike 

any encountered previously) ; that their results are 

inherently dated and are therefore of limited use; that some 

results, especially maps, are not amenable to editing or 

updating; and that th~e systems may be use-specific. That 

is, they ny be valid for one use, and one use only. 

Contextual 'Validation 

The epistemological question of the consistency of the 

concept of -dynamic classification with current use of the 

l.anguage of science was addressed. .llthou-gh a. contextual 

foundation is but one base for knowinq or for deterBini.n9 

the truth:ful.ness of a concept, it is near1y an essential 

base.o. The choice of theoretical. language was deliberate, 

and eff.orts have been aade to assure its consistency, as far 

as possible, with. current ecological theory. 
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Authoritati.ve Validat!Q!!. 

Validi tr aay be rooted in a:nthorit y. That is, 

credibility, and subsequently, vaiidity may be gi.ven to an 

argument or proposition. pending its acceptance by one or 

more persons regarded as authorities in the field. ihile it 

is much too soon for such validation to be feasible here, 

initia1 steps have been taken in subjecting the concept of 

dynamic c1assification to review by peers, faculty, a.nd 

prospective users of such techniques. 

Deductive Validation 

Dedu.ction is a powerful. epistemol.ogical. base. Thus, 

the matter of the cori:espondence between dynamic 

classification and. general systems theory; the literature of 

mathematical c1assification; statistical. decision theory; 

certain aspects of cluster analysis, factor analysis, and 

discrbinant analysis; and the niche hypervolum e concept 

were studied in an effort to establish a deductive 

epistemol.ogical. base. 

SU.l!UURY 

The overall aethodol.ogy for the deve1opmen t of a 

concept of dynamic classification was (1) to justify the 
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need f9r such an approach, (2) to ,articulate the concept 

itself, (3) to demonstrate the utility of such an appro~ch 

in a practical application, and (4) and to de:fine the 

epistemo1oqical bases for theoretical validity. These bases 

were induction, pragmatism., contextual, authority, and 

deduction. The results of this development are presented 

and discussed in the fol.lowing chapter. 

1 
j 



:INTRODUCTZON 

Chapter V 

!~~~!§. 

A genera1 concept of dynam.ic classification was 

developed. Restated. briefly, this concept al.lows for the 

production o:f specified information through the precise 

positioning of the entity to b& classified within a 

hypervolume defined by one or aore axes constructed from 

respective attribute continua. A concerted effort was aade 

to demonstrate the utility of a dynamic classification 

approach in a wildlife manageaent application and to 

substantiate and validate the basic concept 0£ dynamic 

classification using fi.ve epistemological approaches • 

. u:rILITY 

A prima.ry concern during this resea.rch effort vas that 

the physical. sy~tems and concepts devel.oped shoul.d have 

practical utility-. It was the intent in this effort to have 

products app1icable in a real-world environment. 

- Due to the infeasibility of determining the utility of 

research products from extensive user feedback, a _ 

deteraination of their feasibility )and utility was 

undertaken indirectly, through a critical analysis of the 

assets and liabilities .of each research product. 

110 
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Software 

The software devel.oped in this research consisted of 

the HAP4B 11a,pping system (incl.uding auxiliary programs) and 

the PREDIC program. The F.fAPIJB system was desiqned to be an 

independent map generation and display system:. The PlUIDIC 

program was created specifically to function as a 

compl.ementary program to the MAJ?4B system. Although the 

PREDIC program may be-used independently, it was designed to 

be used in tandem with the l11P4B system to provide projec'ted 

habitat data as a function of changes in vegetati.ve 

conditions. 

The KAP4B System. 

An experimental test of the MAP4B system (ind:ependent' 

of the PRIIDIC program) was perf:ormed on the Dismal swa.-ap 

stud.y area. ll though the purpose of the Dismal. swamp study 

was to produce basic black bear habitat a.sses.sment 

inf or mat.ion pertinent to the formul.ation of a bea.r 

management program in the Great Dismal. swamp Na ti.onal. 

Wildlife llefuqe (Williamson et al .• 1981), this study 

provided ~· excellent op port unity to discover any f1avs or 

inadequacies of the sapping system. 

Data collection, typically the most laborious and time 

consuming part of using a computer geographic data system, 
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was extensive in the Dismal swamp study • However, the 

availabil.ity of diq.itizi.ng e'l:uipment facil.itated data 

capture aad encoding. Time required for encoding a block· of 

data (i.e., a map correspondinq to the area within a 7 1/2 

min. USGS quadrangle sheet) required from l.ess than 011e-hal.f 

hour to approximately 4 hours, depending on the compl.exity 

of the map. However, no major problems were encountered in 

the encoding process. 

A minor inadequacy of the KAP4B system was the 

inability to display output as a continuum. Due· to the 

limited am:ouat of visual contrast attainable with standard 

keyboard characters, display results vere limited to 10 

character syabol.s. Such stratification of habitat 

suitability indices (which were explicitly continu.ous in 

nature) resulted in the creation of groupings of si.milar-

valued cell.s displayed by the siune symbol. These groupin s 

are analogous (but not. identical) to mapped classes from a 

conventional classification. In the maps produced, any 

apparent "classes• (i.e., groupings of sisi1a.r cells} were 

strict1y an artifact of the display process and should not 

be interpreted as actua.lly comprising: a homoqeneous unit. 

The linear additive model was used to produce all 

composite maps in the Dismal. Swamp study. No problems were 

encountered with the BAP4B program or the auxiliary 

J 
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programs, CONVERT and SEARCH, which were used in this studJ 

area. Tota.1 time required to produce 3 sets of 11 composite 

h.abitat suitabi,1ity maps and to display 2 sets of 11 maps 

each, showing vegetative int.erspersion and prospective bear 
I 

denning sites, required approximately 10 person-hours .. 

Map products were produced on a high speed com.puter 

line printer and on a DECWRI:TBR III. (Digital Equipment 

Corp., Maynard, rtass.) hardcopy term.ina1. Both devices 

produced suitable results; however, the DECWRITEB produced 

output havinq a slightly hiqher resolution than the line 

printer. Due to the small. ce-U size, spatial. resolution of 
' 

this output was judged satisf ~tory by the sponsoring agency 

and was vell with.in its requirements. 

Both the display and coaposite opt.ions (cf. Appendix A 

for a coaplete desription of these 'operations) were utili,zed 

in tile Dismal swamp test and in producing maps of the other 

study areas. Problems were not encountered in using either 

outpu.t option. 

The linear additive mode1 was used to produce habitat 

suitab.il.i.ty maps and any other habit.at-rel.ated maps 

requirinq a composi.t.ing operation. No problems were 

~ncountered using the additive model. However, problems 

were encountered in using the mult.ipl.icative model. Despite 

the fact that this model possessed some intuitive 

----------------------~-----------~-----------
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theoretical appeal., it was discovered that the inclusion of 

mu1ti.pl~ factors tended to result in most cells ha.vi.nq 

extremel.y l.ov values. Quite often, the vast major.ity of the 

cell.s in a. map wou1d be in the love.st display category (a . - ( 
bl.ank), and an empty map would result. Thus, from a 

practical standpoint, this pa.rticul.ar mathematical mode1 did 

not appear feasib.le for producing composite aaps with the 

mapping system developed in this research. 

The PBEDIC Program 

J. test of the general. utility of the P.REDI:C program was 

performed on the George Washi.nqton National Forest study 

area. Forest s_tand data provided by t;be U. s. Forest 

Service were used to produce estimated stand conditions at 

periods of 50 and 100 years in the future. These projected 

stand data were then used to estimate future habitat 

suitabil.ity for wild turkey. 

Soae problems were encountered in obta.ining adequate 

input data for t~e (lUIDIC program. A particular probl.em 

area was th.e securihq of suitab1e el.evation data from which 

sl.ope and aspect could be cal.cul.a ted using the auxi.liary 

program SLOPE {Appendix B). El.evation. data. were- extracted 

from the·_ Digi.tal Terrain Tapes (White 1980) availablJ3 from 

the·u. s. Geological Survey. From a practical standpoint, 
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it must be ad1nitted that the inability to acquire suitable 

elevation data in a cost-efficient manner could prov-e to be 

a serious impediment to potential users desiring to genera:te 

habitat suitability predicti.ons. 

conp~pts 

a definitive determination of the practical utility of 

the concepts developed in this research could not be made. 

Howev·er, it is bel.ieved that the basic concepts postulated 

here have the potential. to provide wi1dl1fe managers with a 

useful tool, even if that tool is a concept. 

A d:f'namic classification approa,cb has the potential of 

providing informatio·n superior to that of other in£o:r::111a.tion 

systems that deal wi.th. classification. However, whether or 

not such an approach wili>Jie -use(f;"'is diffi.c'Ult to 

establish.. Admi.ttedl.J, potenti.al users such as natural 

resource managers tend- t.o be conservative. A dynainic 

cl.ass if ication approach is a radical departure fro.m 

conventional methodology, and as such may not be ~cceptea 

readily by conservative users. :rt is obvious that new 

method.ology :for natural resources management. is need.ad; 

however, the acceptance of such new methods must re1u1in a 

moot topic. 
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!ALIDITY 

Inductive !§.!.;i.~ity 

'?he infomation output of the computer system developed 

in this research reflected reasonably accurate 

representat.ions of the wildl.ife habitat suitabi1ity in the 

areas mapped. Validation of habitat suitability based on 

concomitant population levels was not un.dertaken, due 

priaaril.J to the lack of reliable long-term population data 

for any of the study areas. However, Dismal Swamp Refuge 

workers have· reported a higher-than-average number of bear 
I 

sightings in the vicinity of Williamson di.tch (Ralph Keel., 

pers. com.mun.), an area deter.mined to be of superior 

suitability, lends some credence. to -th.e Dismal Swamp habi.tat 

maps. 

Nevertheless, it m:ust be mentioned that high population 

levels may not be correlated consistently vi.th hiqh habitat 

suitabil.i.ty as determined with the procedures used here.. ~ 
Extraneous factors or mechanisms not normal1y considered to 

be, a part of the natural environment within an area, such as 

.a. highly contagious disease, may effectively eradicate 

animal populations existin9 in areas having otherwise 

suitable habitat. Lon9-term cyclic population fluctuations, 

such as those experienced b:r some wildlife species, may 
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confound population estimation attempts. Also, common 

techniques -of popul.a:tion sampling, such as trapping, are not 

permissible for- rare species, nor appropriate for those 

apparentl.y exhibiting non~unifurm dispersal. patterns (e.q., 

bears). ~hus, measurement of popul.ati.on levels (especiall.y 

on a short-term basis) may not be a consistently reliable 

met.hod for valida.tinq estimates of habitat suitabil.ity, and 

it is for this reason tha.t this method was not utilized in 

this study. 

The vegetation prediction program (PBED:IC). utilized 

established, documented information on the relationships 

betw·een the occurrence of vegetation and edaphic factors, 
--~--- ----~-------------- ~ 

and, rates of radial. growth. However, empirical val.idation 

was accompl.ished by comparing resul.ts of a vegetation 

prediction (based on 1937 data) for the year 1.973 to a 

forest type map produced that. same year. Comparison of 

predicted vegetation to the type map (see Table 4) revealed 

that predictions were accurate for al:l test sites except 2 

sites that were previousl.y open land,. and 2 sites that were 

classified as hear oak-pitch pine on the 1937 map. 

According to the prediction, one of the open area sites 

{sample stand 86) should have become a. mixture of 

approximately equal proportions of chestnut oak, black 

locust, yel.l.ow poplar, white oak, and gray birch. Thi.s 'site 



Table 4. Initial stand conditions (ba.::H.~d on 1937 data), PREf>IC predictions of 
sp~~cies com :postion and age distribution, and observ-ed stand type 
(fr-on1 1977 data) for 35 sample stands in Shei;:rH:r.ndoah National Pa.rk. 

==·=·:;-=.=====-=====:==~--=-=·=·==================-=-=-=-.-......;...:!:!:====-===·=-=-:=========-

sample 
Stand 
Number 

1 

2 

3 

5 

6 

~!!!Jti~l fQndi.!ions __ _ 
Stand Estimated Age 
Type Distribution {3-} 
Codel 12 Ba c• ns 

Co 1.0 1.0 13.0 85.0 

Co 1.0 1.0 13.0 85.0 

Co 85.0 15.0 o.o o.o 

Co 1.0 1.0 13.0 85.0 

Co es.o 1s~o o.o o.o 

So 15.0 85.0 o.o o.o 

, , • J?~~di£ted £2!!.!!itiQ...,!l.._S __ 
Species Predicted age 

Con:tposition Distribution (3) 
(%) p,2 B3 C4 !JS 

83.0 Co 
4.9 Wo 
4.9 Wp 
7.1 Op 

81 .. 5 Co 
3.7 Wo 
3 .. 7 BlO 
3 .. 7 B:.t-0 
7 .. 3 Op 

99 .3 Co 
0 .6 Op 

83 .. 1 Co 
4 .9 wo 
1. 1 Op 

99.3 Co 
0 .. 1 Op 

98 .4 So 
1 .5 Op 

2 .-a 4 .. 1 8.5 67.6 
2. 1 2.5 0.3 o.o 
2. 1 2 .4 0 .4 0 .o 

2 .2 3 .3 8 .4 67 .. 6 
1 .. 6 1 .9 0 .. 2 0 .. o 
1.7 1 .7 0 .2 0 .o 
2.0 'I .5 0 .. 2 0 .o 

3.7 qq.5 41.7 9 .. 4 

2.8 4.1 8.6 67.6 
2. 1 2.5 0.3 o.o 

3.7 44.S 41.7 9.4 

0.9 31.7 46~9 18.9 
I 

Observed 
Stand 

Type 

Co 

Co 

Co 

co 

Co ! 

So 



Table 4. Initial stand conditions (based on 1937 data), PR.EDIC predicti~ns of' 
species com post ion and age di stri!;m ti on, and observed stand type 
(frorn 1977 a.ata} for 35 sample stands in Shenandoah National.. Park 
(continued) • 

Sample 
stand 
Number 

In.itial. Conditions 
-st_._a_n_d...._..... Es tiniated-Age--
Type Distribution (3) 
Cod.et A2 B3 C" ns 

·~~~--------------------~-

7 So 85.0 15.0 o.o o.o 

8 So 85.0 15.0 o.o o.o 

9 So 1.0 1.0 13.0 85.0 

21 Ro 1.0 1.0 13.0 85.0 

22 Ro 8 5 .. a 1s • o o • o o • o 

Predicted conditions 
-Species Predicted aqe 
Composition Distribution (%) 

(3) ]12 Jj3 C'i IJS 

99.3 So 4 .. 9 42.5 i+0.1 11.-1 
0 .. 1 Op 

99.3 So 4.9 42.5 40. 'I 11 .1 
0 .1 Op 

78.6 So 0 .. 1 0 .7 7 .. 0 70.7 
4 .8 Co 2.6 1 .9 0.3 o.o 
4 .8 Ro 2.7 1 .8 0.3 o.o 
3.6 io 2.0 1 .4 0.2 o .. o 
3.6 Wp 2.0 1.4 0 .. 3 o.o 
4.6 Op 

85.S Ro 1 .. ·1 1 .1 7.1 75.9 
2.1 co 0.9 ., .o 0 .. 1 o.o 
1 .5 Wo 0.7 0.8 0.1 o.o 
1 .5 Wp 0.7 0 .1 0.1 o.o 
0 .o9 Op 

99 I';' 
•.J Ro 4 .. 9 42.5 40. 1 11.9 

0 £:; 
•. J Op 

Observed 
Stand 

Type 

So 

So 

So 

Ro 

Ro 



Table 4. Initial stan.d conditions {based on 19 37 data), PREDIC predictions of 
species cmapostion ancl a~:;e distribution, and observer! stand ty,pe 
(from 1977 data) for 35 sample stands in Shenandoah National Park 
(continued) • 

Sample 
stand 
~lumber 

__ ;I_nitial Conditio!!2__ 
Stand Estimated Age 
Type Distribution (%) 
Cod et A2 B3 c• ns 

Pre>;dicted Conditions 
Species Predicted age 

composition Distribution (%) 
(%) 42 B3 C" ns _________ ,.. ___________ _ 

23 Ro 1.0 1.0 13.0 85.0 

24 Ro 85.0 15.0 o.o o.o 

25 Ro 1.0 1 .. 0 13.0 85.0 

26 Bro 85.0 15.0 o.o o.o 

27 Bro 8 5 .. 0 15 • 0 0 • 0 0 • 0 

83.7 Ro 
2.8 Co 
2 .. 1 Wo 
9 .. 3 Op 

99.5 Ro 
0 .5 Op 

83.8 Ro 
2.8 Co 
2 "1 Wo 
2 .. 1 Op 

99 .. 4 Bro 
0 .. 1 Co 
0 .5 Op 

99.li BrO 
0 .. 6 Op 

0.1 0.7 7.0 75.9 
1.2 1 .4 0.1 0.0 
0.9 1.0 0.1 o.o 

4.9 42 .. 5 40.1 11.9 

0 .. 1 0 .7 1 .o 15.9 
1.3 1 .4 0 . 1 0 .o 
0 .9 1 .o 0 . 1 0 .o 
0.9 1 • o 0 • -. () .o 
8.5 45 .3 37 . 1 8. 5 

T T 0 .o 0 .o 

8.5 li5.3 37.1 s.s 

Observf~d 
Stand 

'l'ype 

Ro 

no 

Ro 

Bro 

Bro, 



'I'ablt1 4. Initial stand conditions (based on 19 37 data), PREDIC predicct.ions of 
species compostion and ag-e distrilmtion, and observed stand type 
(from 1977 data) for 35 sample stands in Shenancloah Nati.onal Park 
(continued} • 

==:::::::=======-:==-==-·=-=·===·=-=====:==--==-=======;.=·:.--====·==-==:;;.---::====·=======·===·=== 

sample 
Stand 
tiiumber 

__ .,..I:n,,... .. ,itial_£,Q!,ldiilo11lL _ 
Sta.no. Es tiiiated Age 
Type Distribution (%) 
Code:t A2 B3 c• ns 

_ ____ P .... r..,_edic~Coud.ition .... s __ 
Species Predicted a.ge 

Composition Dist.ribution (%) 
{I) A2 B3 c• ns 

------------~---·-M•·-----------

28 Bro 85.0 15.0 o.o o.o 99 • ij Bro 8.5 45 .3 37 . 1 8.5 
0 • 1 Co T T () .o 0 .o 
0 .. 5 Op 

29 Bro es.o 15.0 o.o 0 .o """"~ 99 .if :ero 8.5 45 . .,:) 37 . 1 8.5 
0 .6 Op 

30 Bro 85.0 15 .o o .. o 0 .o 99 .. £!, BrO 8.5 45 .. 3 37 . 1 8. 5 
0 • 6 Op 

31 Pp 20.0 75.0 5.0 0 .o 95 .8 pp 0 .. o 10 .7 54 .8 30 .2 
4 .2 Op 

32 Pp 5.0 5.0 90 .. 0 o.o 90 .. 3 Pp o.o 1 ..... • .e:. 44.4 ij.tj.7 
9 .7 Op 

33 Pp 20.0 75.0 (" .. o 0 .o .) 95 8 Pp o.o 10 .7 54 .8 30 -+'"''" . .£ 
4 • 2 Op 

Observed 
Stand 

Type 

Bro 

Bro 

BrO· 

Pp 

Pp 

Pp 

1--' 
N 
1--' 



Table 4. Initial stand conditions (based on 1937 data), PREDIC predictions of 
speci.es cmnpostion and age distribution, and observed stand type 
(from 1977 da.ta) for 35 sample stands in Shenandoah National Park 
(continued) • 

==-===========-===--"'=-==::::-==-====-============-=====·============--==:=:======= 

Sample 
Stand 
Number 

___ Initj.,g.J_cong,!tiQfill __ 
Stand Estimated Age 
Type Distribution (%) 
Codal !2 B3 C4 D5 

---·---
34 Pp 1.0 4.0 50.0 45.0 

35 Pp 1.0 4.0 50.0 45.0 

46 ip 1.0 9.0 45.0 45 .o 

47 Wp 1.0 9.0 45.0 45.0 

48 Wp ·1.0 9.0 45.0 45.0 

49 Wp 90.0 10 .. 0 0 .o 0 .o 

_ _ _£~dieted conditi.ops 
Species Predicted age 

Composition Distribution (!!&) 
(%) J!2. B3 C4 l)S 

79 .. 5 Pp 0 .. 0 0 .6 24 .3 54 .. 6 
6 .. 5 Co 4. 1 2 • 2 o. 1 0 .o 
4 .8 io 3.0 1 • 7 o • 1 o .. o 
4 .8 tip 3 .. 0 1 .1 0 . 1 o.o 
4 .4 Op 

79 .5 Pp o.o 0 .6 24.3 54 .6 
6 eS Co 4. 1 2 .,,.·.~~ 

o~ 1 o .. o •4 
4 .8 Bl.O 3.2 1 .. 6 0. ,., 0 . 0 
4 .. 8 Bro 3.4 1 .3 0 . 1 0 .. o 

91 .3 Wp tt. 2 • 5 25 • 8 62 .. 9 
8 .7 Op 

91 .. 3 Wp t ~''\;: .5 25.8 62 .. 9 .I:. 

8 ~7 Op 

91 .,3 tip t 2 .5 25 .8 62 .. 9 
a .7 Op 

99 .5 Wp 3.9 31 f;" .::> 44.3 13.9 
0 .. 5 Op 

Observed 
Stand 

Type 

Pp 

Pp 

lip 

f-" 
N 
N 



'l'abl.e 4. Initial. stand conditions {based 011 1937 data), PRED:IC predictions of 
species compostion and age distribution, and observed stand type 
(from 1977 data) for 35 sample stands i.n Shenandoah National Park 
(continued). 

=====::.:============-==============-- _,·===·============-=====-

Sample 
Stand 
Mumber 

__ !l!i!ial f;Qnditio!l§. __ _ 
Stand 1'!stimated Age 
Type Distribution (3) 
Cod.el A2 :S3 C4 os. 

------· 
50 Wp 1.0 9.0 45.0 45.0 

56 Bl 95.0 s.o o.o . o.o 

86 Op 

81 Op 

~~-~Pr~dic!e~. CQDgitioy_s~~ 
Species Predicted age 

composition Distribution (%) 
(%) A2 aa C'* DS 

91 .. 3 Wp 
8.7 Op 

99.1 Bl 
0 .. 9 Op 

19.4 Co 
16 .4 Bl. 
16 \ ..... ,. Yp • .;> 
16.2 Vp 
14 .6 WO 
14 .2 Gb 
2 .9 Op 

18 .. 9 Ro 
18.9 Co 
16 .8 Bl 
16.8 Yp 
14 .. 1 Wo 
14 ., .... ~ Wp .L. 

0 • 4 Op 

o.o 2.5 25.8 62.9 

6.6 43.0 42.1 7.4 

1 .6 10 .4 6 .3 () .9 
1.7 8.0 .::· .) .a 0 .7 
0 .o 6 .7 6 .s 3. 'j 
o.o 3.3 9 .6 3.2 
1.2 7 .8 4 .7 0 .1 
0.2 2 .1 6 .6 q .1 

1.9 9 .6 6. 1 1 ,....;.t . "' 
1 .5 10 .. 1 6 , 

• .;g 1 .o 
1.8 8 -· • .:> 6 .o 0 .a 
o.o 6 .9 6 .. 7 3 • ·1 
1 "1.. 1 .5 4 .1 0 .. 1 ·' 1.2 6.6 5 "''); 1 1 • :j . 

Observed 
Stand. 

'.l'ype 

Bl 

Bl 

Bl 

...... 
N 
(.;.) 



Table 4. Initial sta.nd conditions (based on 1931 data), PREDIC pred.ictions of 
species co111postio:n and age distribution, and observed stand type 
(from 1977 data) for 35 sample stands in Shenandoah Iiational Park 
(cc,ntinued) .. · 

=-=~===-============-==-==-==-===-===·=·========·=--==-=·=============-===:==========·= 

Sample 
Stand 
Number 

~Initial_Co~£~:tj.Q_n_s~-
stand Estimated Age 
'l'ype Distribution (?';} 
Codel AZ B3 c• D5 

--·. f~ru..£ted Copi:ti,.t.!Q.."""!t·-.~--
Species Predicted age 

Composition Distribution (%) 
(%} .az B3 c• IJS 

--·------·----·---
26A BrO/Pp 85 .. 0 15.0 0.0 0.0 

27A BrO/Pp 85 .. 0 15.0 0.0 0 .. 0 

49 .1 Br 
48.5 Pp 

1 .. 8 Op 

49.7 Br 
48 .. 5 Pp 

1.8 Op 
·----__ .., .a•·-------------•---·--- • 

4.3 
o.o 

4 .. 3 
o.o 

22.1 
6.9 

22 .7 
6 .9 

18.5 4.2 
28 .5 13 .. 1 

18.5 4 .2 
28 .5 13 . 1 

Observed 
Stand 

Type 

Pp 

Pp 

istand type codes are as follows: Co = Chestnut oak, So = Scarlet oak, Ro = 
Northern red oak,. Bro = Bear oak, lio = Whi.t.e oak,. BlO = Black oak, Bl = black 
locust, Yp = YE~llop poplar, Gb = Gray birch, Pp = Pitch pine, Vp = Virgiuia 
pine, Wp = white pine, Op = open. 

20-2 inch dbh class 
32-5 inch dbh. class 
•S-8 inch d.bh class 
s>s in.ch d.bh. class 
& Tr.ace 
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was classified, as black locust on the 1973 map. Sample 

stand number 87, a1so an open area in 1937 was classified as 

a black locust stand on the 1973 map. The predicted spec1es 

was a fairly even mixture of red oak, chestnut. oak, black 

locust, yellop poplar, W'hite oak, and white pine in t:ba.t 

order. Discrepencies betwee11 observed and predicted 

cor1ditions were noted with sample! stands 26A and 27A. These 

2 sites were classifi.ed as bear oak-pi.tch pine on tb.e 1937 

map. According to predictions, these sites should have 

rema.ined bear oak.-pit ch pine type.. However, on the 1973 

map, these 2 si. tes (and all. other stands classi.fi.ed as bear 

oak-pitch pine in 1931) had boon classified consistently as 

pitch pine. It is suspected tha,t. al.though these stands were 

labeled pitch pine, th.ey may have had a substantial t~ear' oak 

component since these two species often coexist (Society of 

American Foresters 1954) • 

Althougli the PREDIC system apparently predicted 

vegetation types with a reasonable degree of accuracy, it 

utilized a general algorithm which may- be refined and 

expanded as additional k.nowledge becomes available.. '.fhe 

algorithm is also sufficiently general. to al.low raodification 

for use in. different :locations or :ln different edaphic 

environments. 
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Nevertheless, methodological validity alone is not 

sufficient to establish t.heoreti.cal. v.a1idity.. Adcli tional 

epistemological evidence is therefore offered to 

substantiate further the general concept of dynamic: 

classifi.cation. 

fi:agmati£ yalid.ij:y 

'.I'he con9ept of dynamic classification also 'possesses 

validity fro1n a pragnuitic standpoint. Using the concept, 

apparently valid information pertinent to the needs of 

wildlife management was produced. It is theoretically 

possible to obtain whatever information is need.ea usin9 a 

dyna.mic classification approach. The practicality of 

actually obtaining this information is a fu11ction of ( 1) the 

ability o:f users to articulate accurately their information 

needs, and (2) the ability of tJie user to define a.ccurately 

the coordinates of the object along all the necessary 

attribute axes. The inability of the user to perform 

either, or both, of these prerequisites· may restrict or 

constrain the utility of the methodology available ·to the 

user, but it does not invalidate the fundamental. tenets of 

the overall concept. 

It s.hould be noted that similar problems pl<:lgu.e 

conventional. classification efforts. However, no :methods 

-------------------
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for copi.ng with such proble.ms exist within the theory of 

conventional classification. Such problems,. coupled with 

the inherently static and inflexible nature of conitentional 

classification, tend to cause classical methodology to be 

suboptimal, impractical, inappropriate, or infeasible in 

many situations. 

Qontextual Valitti-tt 

The concept of d:yn.amic classification is consistent 

with established ecological theory. Describing a sit.e in 

terms Of its position Within a niche hypervolum e .l.S 

essentiall.y a process of dynamic cl.assi:fication. However, 

using dynamic classification, th.i.s infor.1nation n1ay be 

••collapsedn or reduced into a single 111easure througlt the 

construct.ion of high-inforuuition-co:ntent synthetic 

attributes. 

Dynamic cl.assi.f ication i.s consister1t also wi.th 

conventional cl.assifi.cati.on theory. conventional 

classification is believed to be a special case of dyna1nic 

classification. 

Authoi"":ita.tive !~::f..idi.ty 

Currently, direct validation of a. dynamic 

classification approach or :its associated 11ethodolO<JY as 
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used. in th.is research, from an authoritati,re standpoint has 

been l.iniited • lfevert hel.ess, it is believed that since the 

methodology is based on established ecolog-ical r.e1at:ionships 

and principles, the overall methodology is credible. I.n 

time, it is beli.eved that this credibility will increase 

among authorities. 

Dynamic classification may be seen as an information-

producing system. Inputs :into this system are the things to 

be- cla,gsified and the objectives speci.f'ied by the user. The 

process component is composed of the series of specific 

procedures used to derive the d.esired information. (i.e .. , the 

output). 

Noteworthy is the fact that each of these system 

components is subject to change over time. ~·he inherent 

nature of objects may change, as di.scussed previ.ous1y, as 

may the nature of the classi.fication objectives. Changes in 
) 

the procedures used_ in a classifica.tion are necessitated by 

changes in objectives, or in the type and resolution of the 

information desired. system output may change from specifi.c 

information to information of a general nature. 

~he ideal classification system can be visualized as a 

3 dimensional structure with inputs, outp.uts, and processes 
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comprising the axes. In this general system, the state of a 

classification systeJJ1 with respect to each of t.hesa ax.es is 

dynamic; the. system m.ust be operable and functional. a:nywher'~ 

within the v·olume defined by these axes. By design., dynamic 

classification acco1unodates thi.s dynamic nature of the ideal 

classification system • Ina,smuch as the concept of dJnamic 

classification is consistent with the performance expected 

of a genera.l classification system, it possesses utility, 

credibility, and val:idity as it was used in this research. 



Chapter VI 

CONCLUSIONS 

The li!AP4B program, due to i.ts simplicity and ease of 

use, wa.s considered to be an efficient and effective means 

of utilizing dyr.ta.mic classificatior.t methodology. Computer 

time required to execute the system was small, and no 
\ 

special equipment or programming was required to implement 

the system. Maps produced by .the M:AP4B system have been 

deemed suitable and satisfactory in the lim.ited amoun.·t of 

use to wllich it has been put to date. 

Nevertheless,. the intent is not to deb.Erte thei merits of 

the MAP4B program. Other commercially avai.lable programs 

may have served equally as well as (or better than) the 

MAP4:S prograri. The MAP4B program wa.s a sufficient and an 

appropriate 1.rehicle for displaying wildlife habitat 

information generated by a dynaml.c classi:fi.cati.on process .. 

Limited testing of t:be val.i.di.ty and accuracy of the 

vegetation prediction. program (PB'EDIC) showed the al.gorithin 

to be reasonably accurate within the ti.me frame used. 

However, additional. testing using more extensive data and 

lon<Jer prediction horizons would be desirable in order t.o 

improve the algorithm • 

130 
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Modification to the PREDIC program to incorporate more 

factors into the autecological. table (see Table 2) , or to 

accommodate combined effects of different factors, would 

increase the power of the program to discriminate those 

species suited to a given site. Also, the ability of the 

PREDIC proqra.m to select an appropriate Markov transition 

tabl.e from a faa.il.y of ta.bl.es based on different si:te 

indices for the respective species (rather than using a 

single table for each species) would al.so produce more 

precise and ·realistic predictions. 

The argument that increased proqraa . sophistication 

woul.d · :cesul.t in increased program fi<i.el.ity (i.e., precision) 

reinforces the contention that insufficiencies of this 

program are technoloq ical rather than theoretical in nature. 

A serious obstacle in illp1em.entinq the PBEDI:C program 

is the l.arge data base required as input. Prospective users 

must· have appropriate cellul.ar area.l data on elevation, 

species com:position, and presence of streams. In ad.dition, 

users must supply Markov transition ma.trices that reflect 

rates of radial. growth of the tree species endemic to the 

locale being studied. Whil.e such extensive input data may 

be an impediment to some users, this should not detract from 

the overall merit of the computer progru itself. 
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'rhe addage "!on can lead a horse to water, but you 

can •t make him drink11 is a.ppropriate to the discussion ot 

the implementation of the methodology developed in this 

research. It is believed that the systems produced in this 

research effort can be useful tools to those who choose to 

use them. However, some potential users Rlay not choose to 

do so for a variety of reasons unrelated to the meri.ts of 

the tools themselves. 

CQ!CEPTS 

It is concluded that the concept of dynamic 

classification is va.l id and th.at such an approach to the 

classfication of l.and for wildlife management purposes has 

util.ity. It appears to be an appropriate concept and 

.suggests a basis for a inethodol.ogy for providing inforrnation 

pertinent to wildlife management. It is believed tha.t a 

dynamic cl.assification approach could be useful in prnviding 

information for management of virtually any physical 

resource, the funda1aental attributes of which are 

quantifiable. 

Classification is a common tool of sc:i.ence. 1:t i.s 

negentropic in nature, in that it enables t.h.e b.uman mind to 

organize and structure disaggregations, and to put "thingstt 

into a context, and to al1ow, even encourgae, positive 
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feed.back. Classification is an information-generating 

process. :rna.smuch as conventional. classification is a 

special. case of dynamic classification, it :follows that 

dynamic cl.assificati.on must possess at least as much 

scientific utility as conventional class.ification. However, 

because a dynamic classification process is not specifi.ca:U.;f' 

or purposefully oriented towards generalizations about t.he 

objects being classified, dynamic cla.ssif ication is 

inherently more precise than c."Onventio:nal cl.assificati.cm. 

Also, since a potentially greater amount of information may 

be derived from a dynamic classi.fication process than from a. 

conventional classification process, the former has the 

greater potential utility. 

!!!! APPLICABILITY Ql DYNAMIC ~ASSIFICAT1Q! 

In this teJ-;:t, the concept. of dynamic classification was 

applied within the field of wildlife management. :A variety 

of applications is foreseen i.n allied fields such as 

agriculture, forestry, and land use planning in general. ln 

these applications, suitability of the l'and for some 

specified purpose other than as wildlife habitat would be 

the appropriate objective. 

It is entirely possible that other applications ma.y be 

found in va.ri.ous na.tu:ral sciences. It i.s also possible that 
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a dynamic classifi.cat ion approach would be operationally 

va.1i.d for classifying intangible en.ti ties. The dynamic 

classification concept may indeed have metaphysical 

applications as well as purely physical ones.. However, au 

adequate discussion of this topic is beyond the scope of 

this study, and analysis of these poss.ibilities 11mst await 

further conceptual development and investigation. 
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Appendix. A 

Foreword 

This docuent is the users• guide for IUP4B, an 

original computer mappinq program deve1oped within the 

Depart11ent of Fisheries and Wild1ife Sciences at.Virginia 

Polytechnic Institute and State University. While a 

familiarity with computers may prove beneficial to some 

users, this knowledge is not essential to use MAP4B 

successfully. This users• guide was designed to be 

informative and to instruct users in the use of the MAP4B 

system. Examples hav·e been provided where it was felt they 

were needed. However, if problems or questions do arise, 

users are encouraged to cont.act.: 

J. F. w ill.i.amson 
Department Fisheries and tfild1ife sciences 
Vi;I;-qinia Polytechnic Institute and State University 
Blacksburg, VA 24061 
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lotice to Prog·rauers 

The ftAP4B program is written in the FORTRAN computer 
lanqua.ge, and has been successful1y compil.ed on FORTRAN G, 
H, B-:-extended, and WA TPIV com pilers. The aain program 
requires approximately 500k of mem.ory. 

Because of differences between individual computing· 
centers; job control. 1anguage (JCLl has been omitted. Any 
required JCL must be supplied by users. Users unfamiliar 
with .JCL may obtain this information from the.ir respective 
computing centers. 

The HAP4B program was designed to reduce repetitious 
map input data, i.e., :i.dentical data comprising more that 
one row of a map. Users may ~se a row continua ti.on fiel.d in 
the input data to indicate two or m.ore identical r·ows of map 
data. A non-zero value in this field activates a. program 
loop that backspaces the read device (unit 4) • Users with 
reJlote interactive teodnal capabilities :must designate the 
inp.ut device as· unit 4• :tf actual card input is utilized, 
appropriate JCL must be provided to designate unit 4 as the 
input device number. 

The version of the program suppl.ied uses device num.ber 
4 for ~nput and device num.ber 6 for printed output. ca.rd 
output produced by auxiliary programs is written to output 
device numher 7. Failure to designate I/O devices to these 
numbers with necessary JCL m.ay resu.lt in program :failure. 

L 
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Equipment Requirements 

NAP4B may be ope:r:ated w,ith a minim.um of equipment. 
Users should have access to a card punch (or some type of 
input device capable. of producing card images) and a. line 
printer. However., these two pieces of equipment are not 
mandatory as keypur1ching or data entry call. be done by many 
computing centers on a contractual ha.sis and. program output 
may be llHilled to rem9te users. 

The availabil.ity of various types of eq~pment may 
9reatly expedite the use of the MAP4B system.· Users having 
access to digitizing equipment may substantially reduce the 
time required for encoding map data. Special. software 
packages are available for converting' digitized data in a 
polygon forl!lat into the ne~essary cell.ul.ar :format. Spec.ial 
digitizin,9 proqrams are available for digi.tizing data 
directly in cellular :format. Although the prograas for 
converting digitized data into f!AP4B-compatible format are 
general. in nature, they may not be compatible with all. 
diqitizing equipment, or the data. produceii by different 
makes of equipment. some modifications, in the form of 
program alterations or additional programming, may be 
necessary to ensure complete compatibility wi.th user- · 
sttppliled equipment. 

This Users Guide outlines the use of the.ftAP4B progra• 
in the manual mode. Additional information regardinq usinq 
MAP4B in other modes is available fro111 the source gi.ven· in 
the Foreword. 
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In.troducti.on 

The f'.Jtl?4B program is a computerized cellular mappinq 
program.. Data a.re rea.d into the program in the form of 
cards (or card images) and output is in the form of 12 by 15 
inch line printer maps. output maps are composed of 14,400 
printed characters arxa.nged in 120 rows of 120 characters 
each. Details of map production are given in later 
sections. 

The n1apping system is. capable of producing maps of any 
single mappable topic, such as forest t~rpes, counti.es, o:t 
distance to water. An exampl.e of a topic, or themati.c, map 
is prov·ided as Fig. 1. Note th~.t the map is 120 rows long · 
and 120 columns wide with row and column nuiibers along the 
margins. '!"he area shown in this map represents that o.f one 
1 1/2 minute topographic quad .sheet. Also note th~t in this 
map, cells are rectangul.ar, a feature which resul·ts in a 
geometrically accurate represeutation of the original base 
map. 

Two general types of maps may be produced using MAP4:8 •. 
Tl1ese types are (1) symbol maps and (2} numE:1ric maps. 
Symbol ma.ps are useful where a variety of charatctei:istics 
are to be displayed on a single map. A. total of 57 
different symbols may be used for producing symbol maps.. By 
contrast, ruu1eric maps are composed strictly of th<~ .intege:rs 
0 (zero) through 9. 

The l!!AP4B program has 2 main uses--to produce their1ati.c 
maps (which ma,y be either syiibol or.· numeric type !Raps), and 
to produce com.posite laa.ps. · Composite maps are genera.tea by. 
superimpcn:::ing a number of individual. topic maps.. Only 
numeric maps may be composited; symbol. maps c1unmT be 
composited. However,. if symbol maps are first converted 
into numeric maps using the auxiliary program CONVER'r, they 
may be composited as numeric tnaps. The final· product of tlie 
compositing process is call.ed a composite ma.p. Although 
composite maps are generated. from numeric n1aps, they are a 
special form of symbol. maps. 

There are two methods for generating a coiiposJ..t:,e 
map--an additive procedure and a multiplicative procedure. 
In the additive procedure, values for each cell of a met.p are 
ADDED on a cell-by-cell basis to create a :map of sum values. 
However, in the multiplicative procedure, map cell values 
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Fig.. 1. A topic (thematic) map produced by MAP4B .. 
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are RULTU?LIED in a 1i.Jte 11.anner to create a map of product 
values. 

An,example of the addi.tive compositing procedure i.s 
given in Fiq. 2. Suppose the objective is to overlay two 
maps, P.tap A and Map B. These two maps are shown bel.ow as 3 
by. 3 numerical integer matrices. 

1 1 1 1 1 1 
nap A: 1 1 2 2 = 1 2 2 

2 2 2 2 2 2 

+ 

3 l 1 6 6 2 
nap B·: 2 x 3 3 2 = 6 6 4 

2 2 2 4 4 4 . --
7 1 3 

composite ma tr ix: 7 8 6 
6 6 6 

Fiq. 2. Example of the compositing procechtre. 

Note that .both Hap A and l!ap B are numerical !lat.rices 
composed of sinqle digit integer values. fhe compositing 
procedure is identical to regular matrix add.it:i.on in that 
corresponding eel.ls in each map are added to produce a. final 
composite map (matrix:). :rf this had been the wultiplicative 
procedure, the map weights would have been ignored, and. the 
map data matrices would have been multipl.ied instead of 
being summed. It shouJ.d be mentioned that al.thoug-h the 
input maps (matrices) must. be comprised of· single digit 

.. integers, the re-sultant couposite map may have Yal.ues 
great.er than that. of a single integer. A special. subrouti.ne 
within the IU.P4B system will stratify l.arge values into a 
serie.s of categories, and displ.ay these categories as pre-
specifi.ed symbols .. 

Resolution and Scale 

Users must determine the scale that. will. result in the 
desired reso1ution of the output map. Users should remember 
that. computer maps are composed of printed characters .. 
Standard out.put is nomally 10 characters per inch and 
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either 6 or 8 lines per inch. ('!'he Virginia Tech computer 
center prilits 8 lines per inch.) There are 120 rows of 120 
coluums each per map fof a tQtal. of 14,400 pri.n-ted 
characters per map. 1 

'lhe area represented by a printed character of a map is 
. called a cell.. Because .the· physical dimensions of a 
·character are fi.xed on the computer printout map, the degree 
0£ resolution is determined: by al.tering cel.l dimensions in 
the encoding process. 

The suggested procedure for manual. encoding is to 
overlay a transparent grid sheet on the base map. This 
overl.ay sheet is lined in a grid fashion with each. 111box" in 
the qrid representing a cell. on th.e computer map. The 
larger the grid J:>ox on the overl.ay, the coarser the detail 
of the computer map. Increasingl:y sma11er grid boxes wil1 
result in finer and finer resol.ution of the base map. :rt 
shoul.d be not:ed that usin9 very small grid boxes will 
increase resolution, but the amount of coding effort 
required will also increase exponential.ly.as grid cell size 

. decreases. Also, for saa11 grid cell sizes, several 
computer aaps may have to be coded to .cover the entire base 
map frame. Thus, it is important that users determine a 
suitable resolution within practical limits. 

Por general purpeses, it is s119gested that a single 
computer map be used to represent a u.s. Geological survey 
(USGS) 7 1/2 minute quad sheet. This results :in a single 
character representing 1.05 hectares on, the base map, an 
acc~ptable resolution for most users. While this resolution 
has·proven useful, users should remember that the co:aputer 
map, generated.at this resolution is not at tlle same scale as 
the. topo sheets. Thus, overl.ay,ing the base map with the 
com:puter map is not possible . unless the computer ma.p is 
somehow enl.arged, unl.ess the original base aap is 12 i..nches 
wide and 15 inches l.ong. 

Grid Sheet Preparation 

Templates for encoding maps at the suggested scale may 
be prepared by constructing a. grid with box dimensions of 
.18854 (long) by .14921 (wide) inches. Users unable to 
accomplish this task with the necessary precision may obtain 
a template from the author at cost. When used with USGS 
quad sheets, a grid with 10 vertical lines per inch and 8 
horizontal lines per inch wi11 resul.t in a map of the sue 
scale as the oriqinal base map. While this grid is easy to 
prepare., it should be re1te11bered that four 11a.ps must be 
encoded for each quad sheet. 
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Users preparin.q th.eir own grid sheets are encouraged ·to 
prepare a grid with 60 columns and 60 (or 120) rows. 
Experience has shown that qrids with these dimensi.ons are 
easier to encode. 

Map Ps:eparation and. Encoding 

Data Format 

Punch cards contain only 80 data. columns but the maps 
are ·120 col.uans wide; therefore, maps are encoded as two 
strips' each 60 columns wide. That is, the le:ft half (the 
first 60 columns) of the map is coded onto 120 cards (one 
card for each row} .. :?Lnd then the right half is coded in a 
similar manner. · \ 

ftanual. data coding is easier if standard coding fonts 
are used;. These forms are printed by :IBH and other business 
machine companies· and are generally available from: office 
supply stores, computer centers, and college or university 
book stores. The formats for coding the right and 1ef't 
sides of the map are different. The formats for coding the 
l.eft and i:iqht. sides are gl.ven in Tables 1 and 2. I 

Users ar·e encouraged to designate the pertinent. fields 
(columns) on their coding sheets to expedite coding and to 
reduce errors. Also, .label.inq ea.ch code sheet.with the 
appropriate map name, date, person coding, and code sheet 
number may speed the coding process. 

A variety of SJ11tbols may be sel.ected for use when 
c(>ding map data. ".rhe list <lf potentia1 symbols includes: 

1. the letters A through Z 
2. the integer numbers O (zero) through 9 
3. the b1ank. 
4. the following special. symbols: period, com.ma., . 

m.inus,· plus sign, equal.s sign, slash, percent. sign, 
asterisk, dollar siqn, left parenthesis, rig·ht 
parenthesis, semicolon, greater than (l>), less than 
(<) , col.on, cutpei:sand, exclamation point, at (iJ), 
open bracket ( n , and double quote siqn ('') • 
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Table 1. Format for encodi.ng left. side of 11.a.p .. 

Fi.el.d Name Coluums Information 

-·-----------·----·----·----------· 
(blank) 
row number 
row continuation 

lftap data. 
(blank) 
sequence number 

1-'2 
3-5 
6-8 

9-68 
69-71 
72-80 

none 
row number 
row number o:f last row in 

identical sequence 
map data (symbols or integers) 
none 
identifying data (optional} 

Tabl.e 2. Right side coding foraiat .. 

---------------·------------------
Field Na.me Colunms Information 
~--~~~~~~~--~~~--~~~~------~----~~~~---~-

(blank) 
map dat.a 
blank 
row number 
row conti.nuation 

(blank) . 
sequence · number 

1 
2-61 
62 
63-65 
66-68 

69-71 
72-80 

none 
map data (symbols or integers) 
none 
row number 
row number o:f last: row in 

i.denti.cal sequence 
none 
identifying data (opti.onal.) 
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Users utilizi.nq card input may be ·restricted in the 
num~er of usable symbols, depending on the type of keypunch 
or input device used. other prohl.ems specific to certain 
output devices may encountered also, a.s some special symbols 

· may not be printable on certain output devices. Regardless 
of the symbols used, it must be re1aembered that only single-
diq:i.t chai:acters (either alphabetic, numeric, or special 
symbols) may be used. Decimal values such as 1.5, 0.75, or 
0 .2 are not permissib1e. 

Data Coding 

Grid sheet alignment: 

Once the user has determined which symbols are to ne 
used, grid scale, etc., the actual encoding procedure may 
begin. To start codl.nq, register the overlay grid, along the 
left mar9in of the map to be coded. If the 60 by 60 grid 
sheet is used, the upper left. corner of the overlay sboul.d 
coincide with the same corner o,f the map and the left, side 
of the overlay should cover the left 11u1rgin exactly. If a 
60 by 120 grid is used, it should be placed length-wise 
along the l.eft marqin of the map with the top and bottom of 
the grid al.i9nin9 with the ma.p edges, so that the 9rid is 60 
columns wide and 120 rows long. A 120 by 120 gr.id should, 
of course, be overlaid exactly on the base map. 

The row field: 

on the first row of the cod1ng form enter a 001 (zero 
zero one) , or a 1 (one) right justified in the row number 
field, (columns 3, 4, and 5).. This signifies that this is 
the first row in the map. I.eave columns 6, 1, and 8 blank 
for now; their use will be explained later. 

Hap data :field: 

Map data are recorded begirming in column 9 for the 
left side, and column 2 for the right s.ide. The first 60 
boxes in the first row of th·e grid sheet correspond to the 
60 col.umns of the map data field of the coding sheet. 
Appropriate symbols are assigned to those boxes having the 
characteristic being mapped.. When a box straddles the 
border of two characteristics, the user must decide how t.hat 
cell will. be coded. The general rule is to code cell.s with 
the symbol of the characteristic occupying the greatest 
percentage of the grid box. Users are reminded that uncoded 
boxes will be read. by the program as blanks if a symbol 111ap 
is being read, or as zeros if the input map is numeric. 
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Sequence :field: 

Identi.fyinq informati.on may be recorded in col.umns 72 
through 80. '!'here is no format for this data, as .it is not 
used by the program and is for the user's conven.ience in 
designating specific map decks .. 

Coding· for ea.ch row proceeds in this manner until aJ.l 
120 rows of' the left side have ·been recorded. The coding 
procedure for the ;'riqbt side of the map is si.milar, with the 
data being recorded in the appropriate columns for the right 
side ('fable 2) .. 

Grid sheet reali.gnment: 

If a 60 by 60 gr id sheet has been used, the grid 
overl.ay will. have to be reposi.tioned after the first 60 rows 
of coding. 'I"his must be done with care so the top row of 
the grid, when repositioned, lies precisely where the last 
row ended. Gaps resulting from improper posi t1oni.ng of the 
grid may be prevented by marking the position of the last 
row on the base map. When the grid is moved, exact · 
positioni.ng may be made by re-aligning the grid overlay with 
the mark of the base map. A similar technique should be 
used if a frO column wide grid is used to record both right 
and left sides of a map. 

The shortcut procedure: 

If two or more rows of a map are identical, data coding 
may be reduced by usinq a shortcut procedure. This is 
accomplished by using the row continuation fie!d_ located in 
columns 6, 1, and 8 for the left si.de, and columns 66, 6-7, 
and 68 for the righ.t side. ·.rhe first row ir1 a serf.es of 
identical rows is coded in the normal. fashion, with the row 
number in the row number fie-1d. The number of the l.ast row 
in the series is placed in the row continuation field. 
Norma1 coding proceeds with the next row •. For example, 
suppose tb.e left side is bei.ng coded and rows '15 through 20 
are all identical. The code sheet would appear as follows: 

column: 1 1 1 1 1 1 7 8 
123456789012345 ..... 90 
--------------~----·--.. -------

0 1 4 M !: l'J_ ~ I! .M M • . . . 1 4 
0 1 5 0 2 0 N N N Ji N N I • .. • . 1 5 
0 2 1 p p p p p p p • • . • 1 6 
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Running the MAP4B Program 

The llP4B main pro9ru i.s a. simple progru whi.ch 
subsequently calls (activates) several subprogrus, or 
subroutines. The 11ain program and each of the associated 
subprograms are discussed in detail bel.ow •. 

The Main Program 

The ma.in program· reads in 3 important items: (1) the 
number of maps to he t:ead (HAPifO), (2) a variable (TYPBOP) 
indicating whether the program should simply display the 
input data as a map or create a composite map fro• the input 
data to be read in, and (3) a variable. (ICRD) indicat.inq if 
optional card output. is to be produced.· l:n the event that a 
compositing process is to be performed, a variabl.e (COHT'YP·) 
is.read to.speci.:fy if the compositing is to be addi..tive 
(indicated by ·using the word "lU>D•) or mul.tiplfcative 
(indicated by the word "l!ULTI:PLY") • 

If. a display of data is desired, a card containing the 
letters "DISPI.IY• in columns 1 throuqh 1 i.s used. If a 
COllposite map is to be generated, a similar card contai.nin9 
the letters 11COfiPOSITP should be used.instead of :the 
"DISPLAY" card. If the program is to be used· to display 1 
or more maps (rather than creating a composite map), the 
input sequence for the main program is as follows: 

Variable Name 

ft AP HO 
'fYPEOP 
ICRD 

Format 

free 
A4 

free 

Col.nmns 

1 .... 2 
1-7• 
1-62 

•must have DISPLAY typed in coluns l-7 
zmust have either CABD or IOCARD typed beginning in column 1 

If the program is to be used to generate a composite map, 
the input sequence for the main program voul.d be as fo11ows: 



Variab1eliame 

HAP HO 
TYPBOP 
COBTYP 
:CCRD 
Xt.Il'J · 
lUME 

16~ 

Form.at 

free 
A4 

free 
free 
free 

SAii 

Columns 

1-2 
1-~· 
1-.72 
1---43 
1-s• 
1-20 

•must have COl'tPOSI'fE typed in columns 1-9 
zmust have ADD or BOLTJ:'PL:f typed beginning in column 1 
3must have CARD or llOCARD typed beginning in col.on 1 
•must be followed by a decimal 

once the above variables have been read by the main 
program, various subprograms are activated autom.atical.ly by 
the main program. The user, need not be concerned with how 
these subprograms are activated. ~he foll.owing· discu-ssion 
of the· functions of these subprograms (usually cal.led 
subroutineE;>) is provi~edso that the user JD.ay become 
familiar wtih the operation and function of the total MAP4B 
system. 

Subroutine ZERO 

This subroutine clears all the required registers 
(storage areas) which are to be used by the aain program. 
This maneuver insures that no •left over• values will_ be in 
storage to cause ca1cul.ation prob1ems. Users with computers 
that automatically zero out arrays 11u.1y omit this subroutine; 

, however, leaving it in will not interfere with normal 
performance o:f the overall. program .. 

Subroutine RE.ADii 

This subroutine is used to read in maps which are to be 
displ.ayed. A different subroutine is used to read 11.aps that 
wil.1 undergo the compositin9 procedure. Input sequence for: 
this sUbroutine consists of ( 1} the nue of the map being 
displayed, and (2) the actual. map data cards. A map name 
must he specified for each map being read, and a card 
containing- this information must preceed each set o~ Jaap 
data. This name may be up to 20 characters long, and may be 
entered anywhere in the first 20 columns on a card. 
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Subroutine READ 

This subroutine reads in numeric cel.l.ular map data for 
the coapositing procedure.. Along with the name of the map 
being read (l'!APBAPl) the program reads another important 
varia.b1e, !ULT, the multipli.er (or weight) of the map being 
read. The variable • NAPWAM • aa.y be up to 20 characters 1ong 
(alphabetic or nwneric) and must come i11U1edi.ately before the 
actual cellular map data. The variab1e 1 !1ULT• comes 
i11unediate1y after the cell.ul.Cir map data and consists of a 
three-digit number.. '!he format. and columnar positions for 
the subroutine READ am ~s follows: 

Variable Name Format Columns 

!U\PNAN 5A4 1-20 
(map data) 
PJUI.T free 1-3 

Subroutine !APADD 

Tltis subroutine performs an additive compositing 
procedure, and sho11ld be used on1y when the user desires to 
create a composite map using an ADDftl:VE compositing 
process. This subroutine mu1tip1ies the various maps by the 
appropriate weighting factor and then ADDS these weighted 
maps toqether to produce a final. composite matrix. No input 
data are required for this program. 

Subroutine KAPftOL 

This subroutine is ltseful for producing composite m.aps 
using· a multip1icative procedure, and shoul.d be used onl.y to 
produce multiplicative coaposite maps. In this program, map 
data ranging in value from zero to nine· are standardized 
from zero to one~ l!ap matrices hav.ing these standardized 
va1ues are then !UJ,.TI:PLI:ED to generate a~ Jllatrix .of products. 
No input data are required for this program., and the i.nput 
sequence for the main program is the same when using this 
subroutin.e. However, the values input for HULT and ILIH are 
iqnored by this proqr am ~ 
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Subroutine STRATA 

This subroutine categorizes the va1ues o:f the ce11s in 
the coaposite matrix output from subroutine !APADD) into one 
of 10 predetermined s ymbo1s. This subroutine also produces 
the composite map using these symbols. Vo input data a.re 
required by this subroutine. 

The categorization procedure Wa$ designed to 
accomaodate the situa ti.on ,i.n which a cel.1 value i.n the final 
composite map exceeds the >specified upper limit. In the 
event this happens, cells exceeding the 1iait value wi11 be 
displayed as a doll.ar sign ($) on symbolic 11aps, or as an 
asterisk (*) on ilwneric maps. 

Subroutine BUI.ER 

This subrouti.ne, which is called up by the previous 
subroutine, produces a •rulel\ 11 at the top and bottom 0£ the 
output map. This ruler nuabers the colum:ns 0£ the m:ap, a 
feature which is useful in locating specific cells. No 
input data are required. 

Subroutine STATSS 

This subroutine is used to produce the legend found at 
the bottom of each output map.. ST.lTSS counts the number of 
times each symbol appears and calculates the percentage of 
the entire map :frame occupied by each symbol. .·The_ upper and 
lower ranges of the strata represented by each symbol are 
also produced in the legend. This subroutine requires 110 
input d~ta. 

Subroutine CARDS 

'This subroutine produces card output of a composite 11.ap 
or of a set of input data that is to be di.splayed as a map. 
This sUbroutine is optiona1 and is activated only if the 
user specifies its use. This subroutine produ0,es HAP4B-
compatible card output of original aap data or !a composite 
map. Statistical swuiari:es, legends, etc. will not be 

· produced. No user-su.ppl.ied i.nput is required. 

setting up Caril Decks 

:rn order for NAP4B to run properly, it is imperative 
for the input. data to be in the proper format and in the 
correct order. I:nput data shou1d be in the following order: 
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1) the number of maps to be processed (i.e~; either 
ad<led or multipl.ied to produce a composite map, or 
to be displayed) 

2) the type of operation (i.e.·, either DISPLAY or 
COMPOSI7B) 

3) the type of coaposit:ing model to be used (i.e. either 
.·additive or multiplicative). To evoke the 
additive model., input the word ADD; fo:r: a 
multiplicative model., the word MULTIPLY should be 
entered. · 

4) the word ·c.lBDS 'or lfOCARDS. If optional card output 
is d.esired, CABDS should be entered; the word 
NOCARDS supi:esses card output. . 

5) the 11utrlmum value limit to be used in the final 
composite map (i.e., Note: a val.ue of zero f.or 
this variabl.e vi11 al.l.ow the program to use the 
maximum possible val.ue that can be attained; a. 
neqativ,e value will cause the proqram to use the 
1taxi.lftum realized. value as th.e. upper limit; use of 
a positive va1ue greater. than zero will. resul.t in 
the program using the specified value as the upper 
val.ue limit. -USE WITH CO!POSift OPERATION ORI 

6) the n.am.e · o:f the final. composite sap (i.e., the 
variable •.BAME•) [ U$E WrlB COMPOSITE OPEBA'fl:OB 
OBI.Y] 

7) . n sets of cellular map data (where n=MAPWO) ,. each 
consisting of the fol lowinq: 

a) the name of the map 
b) the coded numerical. cellular map da.ta (l.e:ft and 

right sides) 
c) the weigkting .fa.ct.or (i.e., the variable 'HDI.1''} 

[USE WITH COMPOSITB OPEBATI.:0!1 ONLY]. 

Below, a. sampl.e deck of a run to create a composite map 
is given. · Cards containing similar data are su ppli.ed to 
users with the P!AP4B program deck. J:n this exa.mpl.e,. two 
maps are to be added together. The first map,' cal1ed FACTOR 
A, has a weighting fa.ctor 0£ 2.. After being weighted, 
!'ACT.OR A is added to a ·second map,. !'AC-TOR B, which is 
weighted by a factor of ·.1. The input data set is shown 
be1ow. · 
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·co1nmns: 
1 2 3 

123!15671!901234567'8931234567890 

02 
COMPOSITE 
ADD 
NOC ARD 
0010. 
COMPOSITE 'f.ES'f I!UP 
FACTOR A 

0010601111111111111111111111 
061120444·4444 444444 444444444 

22222222222222222222222222222 
33333333333333333333333333333 

02 
FACTOR B 

0011201111111111111111111111 
11111111111111111111111111111 
33333333333333333333333333333 

01 

..... ..... 6 1 8 
012345678901234567890 

...... 111111111 
••••• 444444444 

CARD 01 
CARD 02 
CARD 03 
ClUU> 04 
CARD 05 
CARD 06 
CARD 01 
CABD 08 
CARD 09 
CARD 10 
CJUU> 11 
CARD 12 
CUD 13 
CARD 14 
CUD 15 
CJ.RD 16 
CARD 17 

••••• ..... 
..... ...... ..... 

22 ·001060 
33 061120 

111111111 
11 001060 
33 06112.0 

The card number designation in col1111ns 73-80 is 
optional an.d is used here for demonstration purposes only. 
An explantion of each card is. provided below.' 

CARD 01 

CARD 02 

CARD 03 

CARD 014 

CARD 05 

- nuaher of naps to be read in and added together 
(2) 

- the type of operation. {Be+,e a composite map is to 
be prod need .) 

- the compositing model. (Here an additive model 
was requested.) 

- card output option indicator. (Card output was 
not requested.) 

- the 111aximum value of any cell in the final. 
composite map. This is usna11y calcnl.ated 
aannal1y by taking the SUJll of the products of the 
maximum. va1ue for each map and its appropriate 
weighting factor. 

CARD 06 - name of the com,posite map. (Here it is CO!!POSITE 
TEST PIAP.) 

CARD 07 - name of the first factor m.ap to be read into the 
program. 

CARD 08 - cel1ular data for the .left side of the first map. 
Note that the shortcut proc·edure was used and that 
the first 60 rows of the map are identical. 

CJ.RD 09 - rows 61-120 of the 1eft side of the f.irst map. 



CARD 10 

CARD 11 

CARD 12 
CARD 13 
CARD 14 
CARD 15 
CARD 16 
CARD 17 
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- right side data. for first map, with rows 1-60 
being identical 

- rows 61-120 of the right side of the fi.rst factor 
map 

- mul.tiplier value for first factor aap 
- name of second factor map . 
- l.eft side {rows 1.,,..120) of second factor map 
- first·60 rows of right side of second factor sap 
~ row~ 61-120 of riqht side of second factor map 
- mul. ti.plier for second factor aap 

rt shou1d be noted that these 2 maps {J'actor A and 
·Factor B) could have been disp1ayed. rather than being 
composited. If the objective had been to display these 
maps, a siailar card deck woul.d have been required. 
However, to display these 2 maps card 02 would have been 
different (DJ:SPLAY rather than COJ!U?OSXTE) , and Cards 03, 104, 
12, and 17 woul.d have been excl.uded. - ' 

. Batch Processing Procedure 

At this point, the potential HAP4B user should be 
famil.iar with the program and the f.ormat for the i.nput data. 
Users should obt.ain the details for FORTRAN batch processing 
from their respective computer centers if batch processing 
is to be used. Users p1anning to use l!AP4B interactivel.y, 
such as with the Conversational. Monitor system supported on 
SOile J:Bfl computers, should consult their respective computer 
centers for instructions on using their computer 
interactively. 

Auxi1iary Programs 

A series of auxiliary programs has been developed to 
expand the uti1ity of the HAP4B program.. These programs 

-have been designed to make specific alterations in input 
data.·· They are to be run as independent programs to produce 
altered map data for subsequent processing by IAP4B. 

'fhe auxiliary programs may be used to (1) chanqe given 
map symbols to other symbols, (2) create up to 5 1oci of 
specified radii around,a specific eel.I (or cells) in a map, 
( 3) determine the DWll ber of dif feren.t map symbols 
encountered within a given search distance from a specified 
cell., and {4) calculate slope and aspect from elevation 
data. l brief description of each of these programs is 
given below. 



171 

Program COKVERT 

'l"his program is useful for alterinq symbols on maps and 
may be used with symbol maps or numeric maps. This program 
has been designed to be run as an independent program to 
alter map input data. Input data are in the same format as 
for the l!AP4B progra11, EXCEPT TBAT ONLY THE •MAP BAHE• CARD 
AND TU MAP DATA CARDS ARE USED. Data cards containing 
multipl.ier va1ues, etc., should BOT b~ used. 

This program was designed to change a given map 
symbol(s) to another syabol. However, it must be stated 
that !J.;t instances of the symbol(s) ·to be altered will be 
converted. Selected occurrences· of a particular symbol 
cannot be isolated from other occurrences of the same 
symbol. (s) • Alteration of selected symbols at specific 
locations within the map frame should be per~ormed fl.anually. 

Converting a symbol is accomplished by altering the 
sequence of syabols in the DATA statement i.n the source 
program. More than one symbol. may be altered within·the 
sam-e run of the program, however all instances of the 
specified symbols will be converted to the new •target• 
sy111bols. Further instructions for this procedure are given 
in' the source prograa and user users of the· CONVERT program 
should review a source program listing prior to using this 
program. 

output. for this program is in the form of punch.ed cards 
(or in card iaages, ·if output is returned to a remote 
terminal) • These output cards will be in the proper format 
for input into the HAP4B program. 

Program LOCUS 

This proqram was designed to define a .locus of a 
specified radius about a given cell or series of cells. In 
other words, i.f a particular cell in a map frue is 
specified,. alon.g with a radius, then this program 11d11 
create a circle around that cell. .ll.1 ce.ll.s falling within 
the specified radius will. be given a value specified by th.a 
program n,ser. Up to 5 different loci, each with a different 
radius; aay be defined with this program. Each of these 
loci may be displayed with d.ifferent symbols, which may be 
any singl.e-digi t letter, number, or special.' character .. 

This program is es.pecially useful in delineating the 
shape of a zone sw::rounding a single cell or group of cell.s. 
In this program, a map is scanned for those cells needinq a 
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locus def initi.on (i .e ., those eel.ls coded with a special. 
"fl:.ag• charac\er)_. This character may be a,ny symbol or a 
sinql.e digit integer value. once a "fl.ag• is encountered, a 
circl.e of a specified radius is described about tha.t cell • 
This process is then iterated until all cells having •flag" 
values have been encountered. 

A typical. exa11tp1e of a use of this program would be' to 
delineate al1 cell.s l.ocated within a given distance of some 
mapped feature such as riv-ers.. By using the character for 
rivers as the "flag" character, a zone having a speci:f ied 
radius aay be defined • However, by specifying radii of 
different lengths, zones of varying distances can be 
constructed with the program. For e:xam:ple, using radii of 
50, 40, 30, and 15 cells, (al.009 with different. val.ues for 
each zone), the program may be used to create concentric 
zones around a specific cell. When specifyin.g multipl.e 
radii, it is imperative to begin with the longest radius 
(i.e., the outer circle) and then specify radii of 
decreasing size. The characters used to designate the 
respective loci formed with these radii shoul.d be given in 
the order correspondinq to- the radii. 

A special feature of this program is the ability to 
eliminate certai.n portions of the map frame. That is, a 
silhf.luette of the area of interest may, be read in as a map, 
and used as a templ.ate with which to mask out all the area 
outside the silhouetted area. Masked areas are assigned a 
blank symbol. I:f no •a~king is desired, a pair of cards 
having any character other than a bl.ank in the map data 
fields shoul.d be used. :rhis pair shoul.d have •001120° in 
the row and row continuation fields for both the right and 
left sides. ilso, a· met.ground va1ue (or symbol) may be 
specified to designate al.l. area outside the 1ocus but within 
the si1houetted: area. -This backqround symbol may be any 
singl.e;..di.git letter, nnaber, or special character. 

Necessary input for this program incl.udes (1) the 
background symbol., (2} the number of radii to be used to 
define loci, (3) the radii of the loci to be defined, (4} 
the specia1_cha.racter designated to denote a cell needing a 
locus,. (5) the symbol (s) or value{s) (single digit integer) 
to be used to fil.l the circle or locus, (6} the name of-the 
•ap, (7) the map data containing the cell.s requiring a 
locus, a.nd (8) map data of the silhouette of the area of 
interest.. Instructions fo·r using this progr·a11, along with 
necessary format, are given in the source program listing. 
WARNiltG: The value or symbo1 used to fil.1 the circl.e {i.e., 
used as the input character for the variable PILL) must not 
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be the saae character used as the "F'I.AG 0 character. output 
from the LOCUS program is in the form of SA'.P4B compatible 
cards. :rnstructions :for using this proqru say be fou~d in 
the program l.istinq. 

Pro~alft SEARCH 

A third specia1-purpose, auxiliary program is SEARCH .. 
This program was designed to perform a 4-way search and to 
determine how many times cells having different symbols or 
values from the origin cell were found. That is, beginning 
with an original. cell., the program. searches upward, 
down.ward, and to the 1eft and right of the origin.. When the 
search is compl.ete in all. four directions, the number of 
different symbols (not the total number of symbols) 
encountered is determiaed, and the value of the origin cell. 
is reassigned that val"q.e. In its current configuration, 
this program is set up to perform searches from every cel.1 
in a m.ap. Primary utility of this program is to generate a 
map of iaterspersion (i""e., the amount of patchiness} 
indices. 

Input for this program consists of (1) the v·al.ue for 
the search radius (expressed in. units of cell height}, {2) 
the map name, and (3) the cards containing the map data. 
output is in the form of punched cards in format appropriate 
for Mi.P4B • Further instructions for using this program are 
given in the source program listing. ' 

Program s I.OPE 

Another .special.-purpose program is known as SLOPE. 
SLOPE may be used to produce maps of slope (steepness of 
terrain), or aspect (the compass direction one faces when 
looking in tie downhill direction) for any cell in a map. 
However, to use this program, one must have reasonably 
accurate e1evation data for the study area. Th is data may 
·be encoded manual.ly, like other thematic data, or may be 
generated from commercial.l:y availabl.e sources. However, it 
shoul.d be mentioned that elevation data may not be coded as 
singl.e digit integer values, thus, input data format varies 
considerab1y between this program and the other program.s. 
However; regardless of the input format, this program will 
accept data input hav inq extensive fie1d 1engths. Format 
specifications for reading elevation data must by supp1ied 
by· the user to COil.ply with the specific structure of the 
user's data. Regardless of the format, proper performance 
of this prograa depends on the elevation data being in a 120 
by 120 matrix-which shoul.d precisely overlay the area of 
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interest. Elevation data may be in feet or meters; a minor 
program al.teration will al.low use of either aeasure. 

The Department of Fi.Sheries and Wildlife Sciences has 
appropriate computer programs for deriving elevation data at 
a variety of resolutions ·fr-om el.evat.ion data supplied by the 
United States Geological Survey. However, these programs 
a.re designed specifical.l.y for the Virginia Tech co11puter, 
and may not perform pJ:Operl.y on other machines. l:f users 
cannot obtain elevation data from any other source, 
arranqements can be aade wit.h the source above. 

As with the other auxiliary programs, input data. 
consists o£ C1) the map naae·· ~nd (2} the map data. 
Currently, output fro a this program is in the form of cards 
compatib1e with the HAP4B program. Both s1ope and aspect 
are interna11y calcul.ated in terms of degrees. However, in 
the process of producinq cards, values of slope and aspect 
are stra.tified into single-digit integer cateqories. The·se 
categories are as fo1low·s: · 

Slope 
(!J~grees) 

{) - 5 
6 - 10 

.11 15 
16 - 20 
21 - 25 
26 - 30 
31 - 35 
36 - 40 
41 - 90 

~I•P9! 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Aspect 
(degrees) 

0 - 45 
46 - 90 
91 - 135 

136 - 180 
181 .225 
226 270 
271 315 
315 359 

~::u1bol 
1 
3 
5 
1 
9 
6 
4 
2 

·out.put fro11 this program is in·the for11 of a deck, of 
!AP4B-coapatible cards. Further instructions for usinq this 
program may be found in the source program l.isting. 
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Appendix B 

The MAP4B Mapping System and Auxiliary Programs 

*********************************•·························· 
*** MAIN PROGRAM FOR PRODUCING COMPUTER MAPS *** 
************************************•••********************* 
***** MAIN PROGRAM INPUT SEQUENCE: ***** 
*** VARIABLE FORMAT COLUMNS *** 
*** NUMBER OF MAPS (MAPNO) FREE 1-2 *** 
*** OPERATION TYPE (TYPEOP) A1 1-7 (A) *** 
*** COMPOSITING MODEL (COMTYP) A1 1-10 (B) *** 
*** CARD OUTPUT OPTION (ICRD) FREE 1-2 (C) *** 
*** UPPER VALUE LIMIT (XLIM) FREE 1-5 *** 
*** FINAL MAP NAME (NAME) 5A4 1-20 *** 
***** FOR EACH MAP THE INPUT SEQUENCE IS: ***** 
*** MAP NAME (MAPNAM) 5A4 1-20 *** 
*** (MAP DATA) *** 
*** MAP MULTIPLIER (MULT) FREE 1-2 *** 
*** *** *** (A): THE WORDS "DISPLAY" OR "COMPOSITE" MUST APPEAR *** 
*** BEGINNING IN COLUMN 1. (THE PROGRAM READS ONLY *** 
*** THE FIRST COLUMN) *** 
*** (B): THE WORDS "MULTIPLY" OR "ADD" MUST APPEAR *** 
*** BEGINNING IN COLUMN 1. (THE PROGRAM READS ONLY*** 
*** THE FIRST COLUMN) *** 
*** (C): THE WORD "CARDS" MUST APPEAR BEGINNING IN *** 
*** COLUMN IF CARD OUTPUT IS DESIRED. ENTER THE *** 
*** WORD "NOCARDS" IF CARD OUTPUT IS NOT DESIRED. *** 
************************************************************ 

DIMENSION ZLEFT (120,60), ZRIGHT (120,60) 
INTEGER*2 XLEFT ( 120, 60), XRIGHT ( 120, 60) 
INTEGER*2 YLEFT (120,60), YRIGHT (120,60) 
INTEGER*2 COMTYP, MUL/'M'/, TYPEOP, DIS/'D'/, CHAR(11) 
INTEGER*2 ICRD, CARD/'C'/ 
INTEGER NAME(5), MAPNAM(5), MULTR(20), MAPLST(20,5) 
DATA NAME/'(NOT',' APP','LICA','BLE)',' '/ 

C *** SYMBOL ARRAY IS SPECIFIED IN THE STMNT BELOW *** 
DATA CHAR/ I I 'I • I 'I , I 'I - I' I= I 'I+'' I I I 'I 0 I' I% I. I* I 'I$' I 

c 
C *** NUMERIC SYMBOLS MAY BE GENERATED BY SUBSTITUTING *** 
C *** THE STATEMENT BELOW FOR THE PREVIOUS DATA STMNT *** 
C DATA CHAR/' ' , '1 i ' ' 2' '' 3' '' 4' '' 5' '' 6' '' 7' '' 8 r '' 9 'I 

IFLAG:O 
c 
C ** READ THE NUMBER OF MAPS TO BE READ IN *• 

175 
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READ (4,*) MAPNO 
c 
C ** READ TYPE OF OPERATION TO BE USED ** 

READ (4,01) TYPEOP 
01 FORMAT(A1) 
c 
C ** IF DISPLAY MODE, ENTER SECTICiN 3ELOW; IF NOT SKIP ** 

IF (TYPEOP.EQ.DIS) GO TO 05 
GO TO 111 

c 
C ** DISPLAY ONLY SECTION ** 
c 
C ** READ IN A MAP ** 
05 DO 09 IDISPL = 1, MAPNO 

c 
CALL READIN (XLEFT,XRIGHT,IFLAG,MAPNAM) 
IF (IFLAG.NE.0) GO TO 100 

C ** COMPILE JOB SUMMARY INFORMATION ** 
MARGIN = 0 
MULTR (ID IS PL) = 0 
DO 06 JDISPL=1,5 
MAPLST(IDISPL,JDISPL) = MAPNAM(JDISPL) 

06 CONTINUE 
c 
C ** DISPLAY THE MAP ** 

WRITE ( 6, 04) MAPNAM 
04 FORMAT(1H1,'MAP NAME: I ,5A4) 

CALL RULER 
DO 08 IR= 1 ,120 
MARGIN = MARGIN + 1 
WRITE(6,03) MARGIN, (XLEFT(IR,IC) ,IC=1,60), (XRIGHT(IR,IC) ,IC=1,60 

&) I MARGIN 
03 FORMAT(lX;I3,1X,120A1,1X,I3) 
08 CONTINUE 

CALL RULER 
09 CONTINUE 

GO TO 900 
c 
C ** READ TYPE OF COMPOSITING TO PERFORM ** 
111 READ (4,11) COMTYP 
11 FORMAT (Al) 
c 
C ** READ CARD OUTPUT OPTION ** 

READ ( 4 , 12 ) IC RD 
12 FORMAT(A1) 
c 
C ** COMPOSITE SECTION ** 
c 
C ** HEAD MAXIMUM POSSIBLE VALUE FOR A CELL IN THE COMPOSITE MAP ** 
10 READ (4,*) XLIM 
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c 
C ** READ THE NAME OF THE COMPOSITE MAP ** 

READ(4, 13) NAME 
"13 FORMAT(5A4) 
c 
C *** MAIN PROGRAM LOOP *** 

MAPMAX : 0 
SUMAX1 : 0. 0 
SUMAX2 = 0.0 

c 
DO 20 IRUN = 1 ,MAPNO 

c 
C ** READ IN A MAP ** 

c 

CALL READ (XLEFT, XRIGHT, MULT, !FLAG, MAPNAM) 
IF (IFLAG.NE.O) GO TO 100 

C ** SCAN A MAP TO DETERMINE MAXIMUM OBSERVED VALUE ** 
MAPMAX : 0 
CALL SCAN (XLEFT,XRIGHT,MAPMAX) 

c 
C ** COMPILE JOB SUMMARY INFORMATION ** 

DO 15 J = 1 , 5 
15 MAPLST(IRUN, J) = MAPNAM(J) 

MULTR(IRUN) = MULT 
c 
C ** COMPOSITING PROCEDURE ** 
c 
C ** DETERMINE WHICH COMPOSITING PROCEDURE TO USE ** 

IF (COMTYP.EQ.MUL) GO TO 17 
c 
C ** THE FOLLOWING STMNT EVOKES THE LINEAR ADDITIVE MODEL ** 
16 CALL MAPA DD ( ZLEFT, ZRIGHT, XLEFT, XRIGHT ,MULT, IRUN, SUMAX1, SUMAX2, MAP 

&MAX) 
GO TO 20 

c 
C ** THE FOLLOWING STMNT EVOKES THE MULTIPLICATIVE MODEL ** 
17 CALL MA PM UL ( ZLEFT, ZRIGHT, XLEFT, XR IGHT, XLIM, IR UN, SUMAX 1 , SUMAX2, MAP 

&MAX) 
c 
20 CONTINUE 
c 
G ** DETERMINE WHICH LIMITING VALUE TO USE ** 

IF (XLIM.EQ$0~) XLIM = SUMAX1 
IF (XLIM.LT.0.) XLIM = SUMAX2 
IF (XL-IM·-.GT.0.) XL.IM= XLIM 

c 
C ** CATEGORIZE CELL VALUES INTO STRATA AND PRODUCE MAP ** 

CALL STRATA (XLIM,ZLEFT,ZRIGHT,CHAR,NAME,YLEFT,YRIGHT) 
c 
C ** GENERATE THE LEGEND AND STATISTICS FOR COMPOSITE MAP ** 
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CALL STATSS (YLEFT,YRIGHT,XLIM,Cl-1li.R) 
c 
C ** DETERMINE IF CARDS ARE TO BE FHODUCED FOR COMPOSITE MAP ** 

IF (ICRD.EQ.CARD) GO TO 30 
GO TO 900 

30 CALL CARDS (YLEFT,YRIGHT,NAME) 
c 
C ** JOB SUMMARY SECTION ** 
900 WRITE(6, 1000) 
1000 FORMAT(1H1,'MAP4B JOB SUMMARY INFORMATION') 

WRITE(6,1001) MAPNO 
1001 FORMAT(1X,I3,' MAPS WERE READ IN FOR PROCESSING') 

WRITE(6, 1002) 
1002 FORMAT( 1 X, 'THE NAMES OF THE MAPS READ IN WERE AS FOLLOWS:') 

DO 1111 ICNT = 1 ,MAPNO 
WRITE(6,1003) ICNT, (MAPLST(ICNT,J),J:1,5), MULTR(ICNT) 

1003 FORMAT(1X,I3,')' ,2X,5A4,4X,'MULTIPLIER =',I3) 
1111 CONTINUE 

WRITE(6, 1004) NAME 
1004 FORMAT(1X, 'NAME OF COMPOSITE MAP WAS: ',5A4) 

IF (TYPEOP.EQ.DIS) GO TO 1008 
WRITE(6, 1005) XLIM 

1005 FORMAT(1X, 'MAXIMUM STATED VALUE FOR A CELL IN A COMPOSITE MAP WAS: 
%',1X,F10.5) 

IF(COMTYP.EQ.MUL) GO TO 1006 
GO TO 1007 

1006 WRITEC6, 1009) 
1009 FORMAT(1X, 'THE MULTIPLICATIVE MODEL WAS USED TO COMPOSITE') 

GO TO 1008 
1007 WRITE(6,1011) 
1011 FORMAT(1X, 'THE LINEAR ADDITIVE MODEL WAS USED TO COMPOSITE') 
1008 WRITE(6,1010) 
1010 FORMAT(1X, 'NORMAL TERMINATION OF MAP4B') 
c 

GO TO 999 
C ** ERROR SECTION ** 
100 WRITE(6,101) 
101 FORMAT(1X, 1 MAIN PROGRAM ABORTED DUE TO INPUT DATA ERROR 1 ) 

c 
999 STOP 

END 
SUBROUTINE READ (XLEFT,XRIGHT,MULT,IFLAG,MAPNAM) 

c ********************************************************** 
c 
c 
c 
c 

*** 
*** *** 
*** 

THIS SUBROUTINE READS IN AND CHECKS MAPS 
INPUT - 1) MAP NAME, COLS. 1-20 

2) (MAP DATA) 
3) MULTIPLIER, COLS. 1-2 

*** 
*** *** 
*** c ***********************.********************************** 

C *** NOTE: LESS THAN 240 MAP CARDS CAN BE READ USING *** 
C **'* THE SHORTCUT PROCEDURE *** 
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c **********************************•*********************** 
INTEGER'*2 XL EFT ( 120, 60) , XR IGHT ( 120, 60 ·i 
INTEGER MAPNAM( 5), RNUMBR, · R2, CHEKL, CHEKR 

c 
C ** READ THE MAP NAME ** 

READ ( 4 , 11 1 ) MA PN AM 
111 FORMAT(5A4) 
C *****LEFT SIDE READ LOOP***** 

L=1 
CHEKL=1 

101 READ(4,01) LNUMBR,L2,{XLEFT(L,K) ,K:1 1 60) 
01 FORMAT(2X,I3,I3,60I1) 

IF(CHEKL.NE.LNUMBR) GO TO 991 
IF(L2.EQ.0) GO TO 100 
N =L2-LNUMBR 
DO 99 J:1,N 
L:L+1 
CHEKL=CHEKL+1 
BACKSPACE 4 

99 READ(4,011) (XLEFT(L,K),K:1,60) 
011 FORMAT(8X, 6011) 
100 L:L+l 

CHEKL=CHEKI...+1 
IF(L.GT. 120) GO TO 102 
GO TO 101 

C *****RIGHT SIDE READ LOOP***** 
102 L: 1 

CHEKR=1 
103 READ(4,02)(XRIGHT(L,K),K:1,60), RNUMBR, R2 
02 FORMAT(1X,60I1,1X,I3,I3) 

IF( CHE KR. NE. RNUMBR) GO TO 992 
IF(R2.EQ.O) GO TO 200 
N :R2-RNUMBR 
DO 199 J =1, N 
L=L+1 
CHEKR:CHEKR+ 1 
BACKSPACE 4 

199 READ(4,022)(XRTGHT(L,K) ,K=1,60) 
022 FORMAT(1X,60I1) 
200 L=L+1 

CHEKR:CHEKR+ 1 
IF(L.GT .120) GO TO 201 
GO TO 103 

201 CONTINUE 
C ** READ WEIGHTING FACTOR ** 
15 READ(4,*) MULT 
c 
C ** ERROR SECTION ** 

GO TO 999 
991 WRITE (6,901) CHEKL, MAPNAM 



IFLAG=10 
GO TO 999 

992 WRITE (6,902) CHEKR, MAPNAM 
IFLAG=10 
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901 FORMAT(1H ,'ERROR: SUBROUTINE READ ABORTED. CARD 1 ,13, 1 ON LEFT OU 
&T OF ORDER ON MAP NAME 1 , 5A4) 

902 FORMAT(1H , 1 ERROR: SUBROUTINE READ ABORTED, CARD 1 ,I3,' ON RIGHT 0 
&UT OF ORDER ON MAP NAME ',5A4) 

999 CONTINUE 
RETURN 
END 
SUBROUTINE READIN (XLEFT, XRIGHT, IF'LAG,MAPNAM) 

c 
c 
c 
c 
c 

* * *** 
*** 
*** 
*** *** 
*** 
* * 
*** 

* * * 
THIS 

INPUT 

* * * 
NOTE: 

* * * * * * * * * * * * * * * * * 
SUBROUTINE NAME: READ IN 
SUBROUTINE READS IN AND CHECKS 
SYMBOL OR NUMERIC MAPS 

SEQUENCE: 
1 ) MAP NAME, COLS. 1-20 
2) (MAP DATA) 

* * * * ·~· * * * * * * * * * * * * 
LESS THAN 240 MAP CARDS CAN BE 

c 
c 
c 
c 
c 
c 

*** READ USING THE SHORTCUT PROCEDURE 

* * * * * * * * * * * * * * * if- * * * * * 
INTEGER*2 XLEFT( 120, 60), XRIGHT ( 120, 60) 
INTEGER MAPNAM( 5) , RNUMBR, R2, CHEKL, CHEKR 

c 
C ** READ THE MAP NAME ** 

READ(4, 111) MAPNAM 
111 FORMAT(5A4) 
C *****LEFT SIDE READ LOOP***** 

L=1 
CHEKL=1 

101 READ(4,0l) LNUMBR,L2,(XLEFTCL,K) ,K=T,60) 
O~ FORMAT(2X,I3,I3,60A1) 

IF (CHE KL. NE. LNUMBR) GO TO 991 
IF(L2.EQ.O) GO TO 100 
N :L2-LNUMBR 
DO 99 J=l,N 
L=L+1 
CHEKL=CHEKL+1 
BACKSPACE 4 

99 READ(4,011) (XLEFT(L,K),K:1,60) 
011 FORMAT(8X,60A1) 
100 L=L+ 1 

CHEKL:CHEKL+ 1 
IF(L. GT. 120) GO TO 102 
GO TO 101 

C *****RIGHT SIDE READ LOOP***** 
102 L = 1 

CHEKR=1 

* 

* * 
*** *** 
*** *** 
*** 
*** 
* * 
*** 
*** 
* * 
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103 READ(4,02)(XRIGHT(L,K) ,K=1,60), RNUMBR, R2 
02 FORMAT(1X,60A1, 1X,I3,I3) 

IF(CHEKR.NE.RNUMBR) GO TO 992 
IF(R2.EQ.O) GO TO 200 
N:R2-RNUMBR 
DO 199 J:1, N 
L=L+1 
CHEKR:CHEKR+1 
BACKSPACE 4 

199 READ(4,022)(XRIGHT(L,K),K:1,60) 
022 FORMAT(1X,60A1) 
200 L=L+1 

CHEKR:CHEKR+1 
IF(L.GT.120) GO TO 201 
GO TO 103 

201 CONTINUE 
GO TO 999 

991 WRITE (6,901) CHEKL, MAPNAM 
IFLAG=10 
GO TO 999 

992 WRITE (6,902) CHEKR, MAPNAM 
IFLAG:10 

901 FORMAT(1H , 'ERROR: SUBROUTINE READIN ABORTED. CARD ',I3,' ON LEFT 
&OUT OF ORDER ON MAP NAME: ',5A4) 

902 FORMAT(1H , 'ERROR: SUBROUTINE READIN ABORTED, CARD ',I3,' ON RIGHT 
& OUT OF ORDER ON MAP NAME: ',5A4) 

999 CONTINUE 
RETURN 
END 
SUBROUTINE MAPADD (ZLEFT,ZRIGHT,XLEFT,XRIGHT,MULT,IRUN,SUMAX1,SUMA 

&X2,MAPMAX) 
C * * * * * * * • * * * I * * * * * * • * * * * * * * * c 
c 
c 

*** 
*** 
*** 

SUBROUTINE NAME: MAPADD 
THIS SUBROUTINE ADDS THE MAP MATRICES 

INPUT REQUIRED: NONE 

*** 
*** 
*** c * • * * • * • • * • • • • * • • • • * • * * * • * • * 

c 

DIMENSION ZLEFT (120,60), ZRIGHT (120,60) 
INTEGER*2 XLEFT (120,60), XRIGHT (120,60) 

XVAL = 0.0 
IF (IRUN.EQ.1) SUMAX1 = 0. 
IF (IRUN.EQ.T) SUMAX2 = 0. 
SUMAX1 = SUMAX1 + (9*MULT) 
SUMAX2 = SUMAX2 + (MAPMAX*MULT) 
IF (IRUN.EQ.1) GO TO 05 
GO TO 06 

05 CALL ZERO (ZLEFT,ZRIGHT,XVAL) 
06 DO 10L:1,120 

DO 10 K=1,60 
ZLEFT(L, K): ZLEFT(L, K) + (XLEFT(L, K) *MULT) 
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ZR!GHT(L,K)~ ZRIGHT(L,K) + CtRIGHTG ... ,10*MULT) 
10 CONTINUE 

RETURN 
END 
SUBROUTINE MAPMUL (ZLEFT, ZRIGHT, XLEFT, XRIGHT, XL.IM, IRUN, SUMAX1, SUMA 

&X2, MAPMAX) 
C * * • * * * * • • * I * ~ * • * * * ~ * * ~ * * * * * 
C *** SUBROUTINE NAME: MA?MUL ***. 
C *** THIS SUBROUTINE MULTIPLIES THE MAP MATRICES *** 
C ***' INPUT REQUIRED: NONE *** 
c * •· * * * * * * *' * •. * * * lf· * * * * * * * * *· * * •· 

DIMENSION ZLEFT(l20,60)-, ZRIGHT(120,60) 
INTEGER*2 XLEFT( 120, 60), XRIGHT020, 60) 
REAL MULT 

c 
C ** FORCE ALL VALUES TO A ZERO TO ONE SCALE ** 

MULT = 0. 111111 l 
XVAL = 1.0 
IF (IRUN.EQ.1) SUMAX2 ·= 1.0 
SUMAX1 = 1. 0 
SUMAX2 = SUMAX2 * (MAPMAX*MULT) 
IF (IRUN.EQ.1) GO TO 05 
GO TO 06 

05 CALL ZERO (ZLEFT,ZRIGHT,XVAL) 
06 DO 10 L=l, 120 

DO 10 K:1,60 
XL = XLEFT(L, K) 
XR = XRIGHT(L,K) 
ZLEFT(L,K)= ZLEFT(L,K) *· (XL*MULT) 
ZRIGHT(L,K):. ZRIGHT(L,K) * (XR*MULT) 

10 CONTINUE 
RETURN 
END 
SUBROUTINE STRATA (XLIM, ZLEFT, ZRIGHT, CHAR, NAME, YLEFT, YRIGHT) 

c • * * * * * * * * * • * * * * * • * * * * * * * • * * * * 
C ***' SUBROUTINE NAME: STRATA *** 
C *** THIS SUBROUTINE AUTOSCALES NUMERICAL MAP VALUES *** 
C *** INTO 10 USER-DEFINED CATEGORIES *** 
C ***' THIS SUBROUTINE ALSO PRODUCES A SYMBOL MAP. *** 
C *** INPUT REQUIRED: NONE *** 
c * • * * * * * * * * * * * * * * * * * * * * * * • * * • • 

c 

DIMENSION ZLEFT(120,60); ZRIGHT(120,60) 
INTEGER*2 YLEFT (120,60), YRIGHT(120,60), CHAR(11) 
INTEGER NAME(5) 

DVAL;:;:XLIM/10. 
DO 30 L:1, 120 
DO 30 K=1, 60 
I= ( ZLEf'T(L, K) /OVAL)+ 1 
YLEFT(L,K):CHAR(I) 

----------------------------- ------------------
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50 

I:(ZRIGHT(L,K)/DVAL)+1 
YRIGHT(L,K):CHAR(I) 
WRITE(&,50) NAME 
FORMAT(1H1, 10X, 'MAP Nll.ME 
MARGIN : 0 
CALL RULER 
DO 55 L:'I, 120 
MARGIN = MARGIN + 1 
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I' 5A4) 

55 WRITE(6,51) MARGIN, (YLEFT(L,K) ,K.:1,60) ,(YRIGHTCL,K) ,K:1,60) ,MARGIN 
51 FORMAT(1H ,I3,1X,120A1,1X,I3) 

CALL RULER 
RETURN 
END, 
SUBROUTINE STATSS (YLEFT, YRIGHT, XLIM, CHAR) 

c * * * *' * * * * * * * • * * * *', * * * * * * * * * * * * * * * * 
C *** SUBROUTINE NAME: STATSS *** 
C *** THIS SUBROUTINE COUNTS THE FREQUENCY OF EACH MAP SYMBOL *** 
C *** THIS ROUTINE IS TO BE USED WITH SYMBOL TYPE MAPS ONLY *** 
C *** INPUT REQUIRED: NONE *** 
C * * * * * * * * * * • * * • * * * * * * * * * * * * * * I * * * 

c 

DIMENSION PCT(10), FREQ(10) 
INTEGER*2 CHAR( 11), Y'LEFT( 120, 60), YRIGHT( 120, 60) 

DATA FREQ/10*0./ 
HIGH:XLIM/10. 
ZHIGH:HIGH 
XLOW:O. 
DO 70 I:1, 10 
DO 60 L:1, 120 
DO 60 K= 1, 60 
IF(YLEFT(L,K) .EQ.CHAR(I)) FREQ(I):FREQ(I)+1. 
IF(YRIGHT(L,K) .EQ.CHAR(I)) FREQ(I):FREQ(I)+1. 

60 CONTINUE 
70 PCT(I):FREQ(I)/144. 

DO 71 M=1,5 
71 WRITE(6,61) 
61 FORMAT(1H ) 
C NOTICE: USE THE SCALE BELOW ONLY FOR USGS QUAD SHEETS 

WRITE(6,611) 
WRI1'E(6,612) 
WRITE(6,613) 

611 FORMAT(1X,T31, 'I,---------------------------------1----------------&-----------------I') 
612 FORMAT(1X, T31, 1 0 1 ,T65, 1 2 1 ,T99, 1 4 1 ) 

613 FORMAT(1H ,T60,'STATUTE MILES') 
WRITE ( 6, 62) 

62 FORMAT(1X) 
90 WRITE(6,620) 
620 FORMAT(1H , 'SYMBOL' ,5X, 'LOWER LIMIT' ,5X, 'UPPER LIMIT' ,5X, 1 COUNT 1 , 

&5X' I FREQUENCY 1 ) 
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WRITE(6,621) 
621 FORMAT(1H ,T15,'(.GE.)',T32,'(.LT.) 1 ) 

DO 65 I=1, 10 
IF(FREQ(I).EQ.O) GO TO 641 
WRITE (6,61) 
WRITE(6,63) CHAR(I), CHAR(l), CP.AR(I) 

63 FORMAT(1H ,T3.3A1) 
WRITE(6,64) CHAR(I),CHAR(I),CHAR(I),XLCW,ZHIGH,FREQ(I),PCT(I) 

64 FORMAT(1H ,T3,3A1,7X,F9.2,8X,F9.2,5X,F6.0,5X,F6.2,1X, '%') 
WRITE(6,63) CHAR(I), CH.Z\R(I), CHAR(I) 

641 XLOW:XLOW+HIGH 
65 ZHIGH=HIGH+ZHIGH 

c 
c 
c 
c 
c 
c 

RETURN 
END 
SUBROUTINE ZERO ( ZLEFT, ZRIGHT, XVAL) 
* * * * * * * * * * * * * * * * * * * * * * * * 
*** SUBROUTINE NAME: ZERO 
*** THIS SUBROUTINE INITIALIZES THE 'Z MATRIX' 
*** ON THE FIRST PASS IN THE PROGRAM 
*** INPUT REQUIRED: NONE 
* * * * * * * * * * * * * * * * * * * * DIMENSION ZLEFT (120,60), ZRIGHT (120,60) 

DO 1 0 L = 1 , 12 0 
DO 10 K=1, 60 
ZLEFT(L,K) = XVAL 
ZRIGHT(L,K) = XVAL 

* * * * 

* * 
*** *** 
*** 
*** 
* * 

10 CONTINUE 

c 
c 
c 
c 
c 
c 
21 

22 

23 

c 
c 

RETURN 
END 
SUBROUTINE RULER 
* * * * * * I * * * * * * * * * * * I * I * * * * * * * 
*** SUBROUTINE NAME; RULER *** *** THIS SUBROUTINE PUTS A RULER AT THE TOP AND/OR *** 
*** BOTTOM OF A MAP, BEGINNING IN COLUMN SIX *** 
*** INPUT REQUIRED: NONE *** 
* * * * * I * * * * I * * I * * * * * * * * * * * * * * 

WRITE (6,21) 
FORMAT(1X,T105, '1 ',T115, '1',T125, 1 1 1 ) 

WRITE (6,22) 
FORMAT( 1x'T15'l1 I 'T25' 1 2 I • T35; I 3 I 'T45' I 4 f 'T55. '5' 'T65' I 6 ! 'T75' '7' ' 

&T85, '8 1 , T95, '9 1 , T105, 1 0 1 , T115, 1 1 1 , T125, '2 1 ) 

WRITE (6,.23) 
FORMAT(1X,T6, '12345678901234567890123456789012345678901234567890', 

&'123456789012345678901234567890123456789012345678901234567890123'' 
&'4567890') 

RETURN 
END 
SUBROUTINE SCAN (XLEFT,XRIGHT,MAPMAX) 
**************••································· *** SUBROUTINE NAME: SCAN *** 
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C ***· THIS SUBROUTINE SCANS A SET OF MAP DATA *** 
C *** TO DETERMINE THE LARGES'! INTEGER VALUE ***· 
C *** INPUT REQUIRED: NONE *** 
C **************************ilHilr******************** 
c 
c 

INTEGER*2 XL.EFT ( 120, 60) , XR IGHT ( 120. 6t~) 

DO 10 ISCAN = 1,120 
DO 10 JSCAN = 1,60 
IF(XLEFT(ISCAN, JSCAN) .GT .MAPMAX) MAPMAX = XLEFTCISCAN, JSCAN) 
IF(XRIGHT(ISCAN,JSCAN).GT.MAPMAX) MAPMAX = XRIGHT(ISCAN,JSCAN) 

10 CONTINUE 
RETURN 
END 
SUBROUTINE CARDS (YLEFT, YRIGHT, NAME) 

c ******************************************* 
C *** SUBROUTINE. NAME: CARDS *** 
C *** THIS SUBROUTINE PRODUCES A DECK OF ***' 
C *** CARDS OF THE OUTPUT DATA FROM MAP4B *** 
C *** INPUT REQUIRED: NONE *** 
c ******************************************* 

c 
INTEGER*2 YLEFT(120,60), YRIGHT(120,60) 
INTEGER NAME(5) 

WRITE(7, 100) 
100 FORMAT(1X, 'CARD OUTPUT FROM MAP4B') 

WRITE(7,110) NAME 
110 FORMAT(1X, 'MAP NAME:' ,5A4) 
c 
C ** LEFT SIDE CARD OUTPUT LOOP ** 

MARGIN = 0 
DO 10 L = 1 , 120 
MARGIN :MARGIN+ 1 
WRITE(7, 120) MARGIN, (YLEFT(L,K) ,K=1,60) 

120 FORMAT(2X, I3, 3X, 60A 1) 
10 CONTINUE 
c 
C ** RIGHT SIDE CARD OUTPUT LOOP ** 

MARGIN = 0 
DO 20 L = 1, 120 
MARGIN = MARGIN· + 1 
WRITE(7, 130) (YRIGHT(L,K) ,K=1,60), MARGIN 

130 FORMAT( 1X,60A 1, 1X, I3) 
2 0 CONT.INUE 

RETURN 
ENP 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
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* * * * * * * * * * * * * * * * * ~ * * *· * * * *• * * * * * * * * * PROGRAM NAME: LOCUS * 
* THIS IS A SUBROUTINE TO CREATE: AND FILL A CIRCLE AROUND ANY * 
* GIVEN CELL (AS SPECIFIED BY THE MAIN PROGRAM) • UP TO THREE * 
* CONCENTRIC ZONES MY BE CREATED AROUND POINTS OR LINEAR * 
* FEATURES. TO DO THIS. :CNPUT THE RADII IN ORDER OF LARGEST * 
* TO SMALLEST. FILL VALUES ARE INPUT IN THE ORDER THAT THEY * 
* CORRESPOND TO THE SPECIFIED RADE. * 
* CELLS OUTSIDE THE AREA OF INTEREST :·1AY BE SET TO BLANKS BY * 
* READING IN A SILHOUETTE MAP (I.E. A SECOND SET OF MAP CARDS) * 
* WARNING !! DO NOT USE A FILL VALUE EQUAL TO THE SYMBOL USED * 
* AS THE FLAG VALUE!! (I.E., VARIABLE 2 BELOW) * 
* INPUT SEQUENCE: * 
* 1) SYMBOL TO BE USED AS BACKGROUND (COL. 1) * 
* 2) NUMBER OF RADII TO BE USED (FREE FORMAT) * 
* 3) RADII (IN UNITS OF CELL HEIGHT) (FREE FORMAT) * 
* 4) CHARACTER USED TO DENOTE CELLS REQUIRING LOCUS * 
* (COL. 1) * 
* 5) CHARACTER(S) USED TO FILL THE LOCUS * 
* ( COLS • 1 , 3 , 5 , 7 , & 9 ) * 
* 6) MAP NAME (SEE SUBROUTINE READIN FOR FORMAT) * 
* 7) MAP DATA (SEE SUBROUTINE READIN FOR FORMAT) * 
* 8) MAP NAME OF FINAL MAP (COLS. 1-20) * 
* 9) MAP DATA OF SILHOUETTE (SAME AS FOR (7)) * 
* OUTPUT: A MAP4B--COMPATIBLE CA.RD DECK CONTAINING: * 
* 1) THE CHARACTER(S) USED TO FILL THE LOCUS * 
* 2) CHARACTER USED TO DENOTE CELLS REQUIRING LOCUS * 
* 3) VALUES OF RADIUS * 
* 4) MAP NAME * 
* 5) MAP DATA (LEFT HALF) * 
* 6) MAP DATA (RIGHT HALF) * 
* • * * * * * * * * • * * * • * * * • * • * * * * * • * * * * * * 
INTEGER*2 X(120,120), Z(120,120), XLEFT(120,60), XRIGHT(120,60) 
INTEGER*2 PROFIL(120, 120) 
INTEGER MAPNAM ( 5) , RADIUS ( 5) 
INTEGER*2 FLAG, FILL ( 5) , BLANK/ 1 'I, ZERO/' 0 'I 

C ** READ A BACKGROUND VALUE FOR CELLS OUTSIDE LARGEST LOCUS ** 
READ(4, 111) IBKGND 

c 
C ** CLEAR THE Z ARRAY AND SET THE BACKGROUND ** 

DO 1111 ICLX:1, 120 
DO 11 11 IC LY = 1 , 12 0 
Z ( ICLX, ICLY) = IBKGND 

1111 CONTINUE 
c 
C ** READ THE NUMBER OF RADII TO BE USED ** 

READ(4,*) NUMRAb 
c 
C ** READ VALUE(S) FOR RADIUS ** 

- -------- --- --
~- - ------- ---



- . 187 

READ (4,*)(RADIUS(I) ,I;;1,NUMRAD) 
c 
C ** READ THE FLAG SYMBOL o- ... 

READ (4, 11 i) FLAG 
111 FORMAT(A 1) 
c 
C **-READ SYMBOL(S) TO BE USED to FILL THE LOCUS ** 

READ ·· ( 4 , 112 ) ( FILL ( J ) , J = 1 , NUMRAD) · 
112 FORMAT (5(A1,1X)) 
c 
C ** READ A SET OF MAP CAf!PS n· 

c 

IFLAG = 0 
CALL READIN (XLEFT, XRIGHT ,MAPNAM, IFLAG) 
IF(IFLAG ~NE. 0) GO TO 997 

C **' FORM A 120 BY 120 ARRAY FROM THE INPUT DATA * .. 
DO OT IA= 1,120 
DO 01 JA = l,60 
X (IA, JA) = XLEFT(IA, JA) 
JB = JA+60 
X(IA, JB) =- XRIGHT(IA, JA) 

01 CONTINUE 
c 
C READ IN THE PROF ILE OF THE AREA 

c 

GALL READIN (XLEFT, XRIGHT,MAPNAM, IFLAG) 
IF ( IFLAG. NE. 0) .GO TO 997 

C FORM ARRAY 
DO 1001 IA = l, 120 
DO 1001 J A = 1 • 60 
PROFIL(IA,JA) = XLEFT(IA,JA) 
JB = JA + 60 
PROFIL (IA,JB) = XRIGHT(IA,JA) 

1001 CONTINUE 
c 

10 
03 
1002 
c 
c 

c 

** SCAN THE ARRAY FOR CELLS NEEDING CIRCLES ** 
DO 1002 ICNT = 1, NUMRAD 
DO 1002 I :: 1,120 
DO 1002 J = 1,120 
IF(X(I,J) .EQ.FLAG) GO TO 10 
GO TO 03 
CALL LOCUSS (I, J ,FILL(ICNT) ,RADIUS(ICNT) ,Z) 
CONTINUE 
CONTINUE 

H- MASK OUT ALL BUT AREA OF INTEREST ** 
DO 1003 I:1, 120 
DO 1003 J:1, 120 
IF (PROFIL(I, J) .EQ. BLANK. OR. PROF IL (I, J). EQ. ZERO) Z( I, J):BLANK 
**** INSERT THE NEXT . CARD (REMOVE THE "C") TO ****' 

--- ------------~----------

I 
, I 
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C **** DISPLAY CELLS REQlJIR ING LOCI DEFINITION **** 
C IF (X(I,J) .EQ.FLAG) Z(I,J) :: FLAG 
1003 CONTINUE 
c 
c 

97 

98 

-99 

100 

101 
30 

102· 
40 
c 
c 

997 
998 
999 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

** CREATE A NEW CARD DECK FROM THE C1JMPUTED DATA ** 
WRITE(7,96) 
FORMAT( 1X, 'OUTPUT FROM PROGRAM LOCUS') 
WRITE(7,97) FILL 
FORMAT(1X, 'SYMBOL(S) USED TO FILL CIRCLE: ',A1'', I ,A1'' 'I ,A1' I' 1 ,A 

&1,',',A1) 
WRITE(7,98) FLAG 
FORMAT(1X,'SYMBOL USED TO DENOTE CELLS NEEDING LOCI: ',A1) 
WRITE(7,99) RADIUS 
FORMAT(1X, 'RADII OF LOCUS: I ,I3,' '' ,I3, I.' ,I3, I'' .I3, I, 1 ,I3) 
WRITE(7, 100) MAPNAM 
FORMAT ( 1X, 5A4) 
MARGIN ::0 
DO 30 L = 1, 120 
MARGIN = MARGIN + 1 
WRITE (7,101) MARGIN, (Z(L,K),K::1,60) 
FORMAT (2X, I3, 3X, 60A 1) 
CONTINUE 
MARGIN = 0 
DO 40 L = 1,120 
MARGIN = MARGIN + 1 
WRITE (7, 102) (Z(L,K),K=61,120), MARGIN 
FORMAT (1X,60A1,1X.I3) 
CONTINUE 

**• ERROR SECTION **~ 
GO TO 999 
WRITE (6, 998) 
FORMAT( 1 X, 'PROGRAM LOCUS HALTED DUE TO ERROR CONDITION') 
STOP 
END 
SUBROUTINE LOCUSS (M,N,FILL,RADIUS,Z) 
****************************************************************'* 
* SUBROUTINE NAME: LOCUSS * 
* VARIABLE LIST: (FROM CALL STATEMENT) * 
* M = ROW NUMBER OF PO INT CENTER * 
* N = COLUMN NUMBER OF POINT CENTER * 
* FILL :: SINGLE-PLACE CHARACTER TO BE ASSIGNED IN CIRCLE * 
* RADIUS = RADIUS OF CIRCLE '~ 
* Z = ARRAY OF CELLS WITHIN ASSIGNED CIRCLE * 
* * * NOTE: CELLHT, CELWTH, AND RADIUS MUST BE IN COMMON UNITS * 
****************************************************************** 
INTEGER*2 Z( 120, 120), IX(120), IOYY( 120) 
INTEGER*2 FILL 
INTEGER RADIUS, XLIM, YLIM 
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C DIMENSION IX(120) 
C DIMENSION IOYY(120) 
c 
C ** INITIALIZATION SECTION ** 

c 

J = 0 
XLIM = 120 
YLIM = 120 
CELWTH = . 8 
CELLHT::: 1.0 

C ** CALCULATE RADIUS LENGTH IN CELLS AND ROUND OFF RESULT ** 
IRAD = RADIUS/CELWTH+0.5 

c 
C ** SEARCH NW QUADRANT ** 
C ** GO OUT X-AXIS TO LEFT ** 

IOY = 0 
IOX = -IRAD 

c 
C ** GO UP A CELL ** 
10 IOY = IOY-1 
c 
C ** CALCULATE HYPOTENUSE FOR NEW CELL ** 
15 UP = IOY*CELLHT 

OUT = IOX*CELWTH 
HYPTNS = SQRT((UP**2)+(0UT**2)) 

C ** CHECK TO DETERMINE IF CELL IS INSIDE RADIUS ** 
IF (HYPTNS.LT.RADIUS) GO TO 10 

C-
C ** CREATE Y-OFFSET ARRAY (ROUND OFF TO INTEGER VALUE) ** 

J = J+1 
C ** (IX = ARRAY OF COLUMN LENGTHS) ** 

IX(J) = -IOY*2+1 
C ** (IOYY = ARRAY OF OFFSETS FROM X AXIS FOR RIGHT SIDE WORK) ** 

IOYY (J) = IOY 
c 
C ** SET ENTIRE COLUMN IN LEFT SEMICIRCLE EQUAL TO CHARACTER ** 

LDOWN = IX(J) 
DO 20 I= 1,LDOWN 
IA = M+IOY+I-1 
IB = N+IOX 
If (IA. GT. 0 .AND. IB. GT. 0. AND. IA. LE. YLIM. AND. IB.LE. XLIM) Z( IA, IB) =FILL 

20 CONTINUE 
c 
C ** GO TO CELL ON RIGHT ** 

IOX = IOX+1 
IF (IOX.GT.O) GO TO 30 
GO TO 15 

c 
C ** START ON RIGHT SIDE SEMICIRCLE ** 
30 J :: J -1 

---~----------------------- ----- -- --------- - - --~--~- - -----



LDOWN = IX(J) 
DO 40 I= 1,LDOWN 
IA = M+IOYY(J)+I-1 
IB = N+IOX 
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IF( IA. GT. 0. AND.IE. GT. 0. AND. IA. LE. YLIM .AND. IB. LE. XLIM) Z( IA, IB) =FILL 
40 CONTINUE 

IF (J.EQ.1) GO TO 50 
IOX = IOX + 1 
GO TO 30 

50 CONTINUE 
c 

RETURN 
END 
SUBROUTINE READIN (XLEFT,XRIGHT,MAPNAM,IFLAG) 

c * * * • * * * * * * * * * * * * * * * * * * c *** SUBROUTINE NAME: READIN 
c *** THIS SUBROUTINE READS IN AND CHECKS 
c *** SYMBOL OR NUMERIC MAPS 
c *** INPUT SEQUENCE: 
c *** 1) MAP NAME, COLS. 1-20 

* * *** 
*** 
*** . 
*** 
*** c *** 2) (MAP DATA) *** 

(' 
v 

c 
c 
c 

c 

* * 
*** 
*** 

* * * * * * * * * • • * * * * * • * * • * * 
NOTE: LESS THAN 240 MAP CARDS CAN BE *** 

READ USING THE SHORTCUT PROCEDURE *** 
•· * * * * * * * * * * * * * * * * * * * * * INTEGER*2. XLEFT ( 120, 60) , XRIGHT ( 120, 60) 

* * 
INTEGER MAPNAM(5) 
INTEGER RNUMBR, R2, CHEKL, CHEKR 

C ** READ THE MAP NAME ** 
READ(4,111) MAPNAM 

111 FORMAT(SA4) 
C *****LEFT SIDE READ LOOP***** 

L=1 
CHEKL=1 

101 READ(4,01) LNUMBR,L2,(XLEFT(L,K),K=1,60) 
. 01 FORMAT(2X,I3,I3,60A1) 

IF (CHE KL. NE. LNUMBR) GO TO 991 
IF(L2.EQ.O) GO TO 100 
N=L2-LNUMBR 
DO 99 J=1, N 
L=L+1 
CHEKL :CHE KL+ 1 
BACKSPACE 4 

99 READ(4,011) (XLEFT(L,K),K=1,60) 
011 FORMAT(8X,60A1) 
100 L=L+ 1 

CHE KL :CHE KL+ 1 
IF(L.GT.120) GO TO 102 
GO TO 101 
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C *****RIGHT SIDE READ LOOP***** 
1 02 L::; 1 

CHEKR::;1 
103 READ(4,02)(XRIGHT(L,K) ,K=1 ,60), RNUMBR, R2 
02 FORMAT(1X,60A1, 1X,I3,I3) 

IF ( CHE KR. NE. RNUMBR) GO TO 992 
IF(R2.EQ.O) GO TO 200 
N=R2-RNUMBR 
DO' 199 J = 1 , N 
L=L+1 
CHEKR:CHEKR+1 
BACKSPACE 4 

199 READ(4,022)(XRIGHT(L,K) ,K=1,60) 
022 FORMAT(1X,60A1) 
200 L=L+ 1 

CHEKR=CHEKR+1 
IF(L.GT. 120) GO TO 201 
GO TO 103 

201 CONTINUE 
GO TO 999 

991 WRITE (6,901) CHEKL, MAPNAM 
IFLAG=10 
GO TO 999 

992 WRITE (6,902) CHEKR,. MAPNAM 
IFLAG=10 

901 FORMAT(1H , 'ERROR: SUBROUTINE READIN ABORTED. CARD ',I3,' ON LEFT 
&OUT OF ORDER ON MAP NAME: '.,5A4) 

902 FORMAT(1H , 'ERROR: SUBROUTINE READIN ABORTED, CARD ',I3,' ON RIGHT 
& OUT OF ORDER ON MAP NAME: ' , 5A4) 

999 CONTINUE 
RETURN 
END 
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c * • * • • * • • * • • ~ f • * ~ • • • • * * • * • * * • • • 
C * PROGRAM NAME: ~:EAP:GH * 
C * THIS PROGRAM PERFORMS AN ORTHOGONAL 4-WAY SEARCH TO * 
C * DETERMINE HOW MANY DIFFDENT CELL VALUES ARE * 
C * ENCOUNTERED WITHIN A GIVEN SEARCH RADIUS * 
C * NOTE: SEARCHES ARE NOT MADE FROM CELLS HAVING A * 
C * A ZERO OR BLANK VALUE. * 
C * INPUT SEQUENCE: * 
C * 1) SEARCH RADH!S (EXPRESSED IN UNITS OF CELL * 
C * HEIGHT) (FREE FORMAT) * 
C * 2) MAP NAME (SEE SUBROUTINE READIN FOR FORMAT) * 
C * 3) MAP DATA (SEE SUBROUTINE READIN FOR FORMAT) * 
C * OUTPUT: MAP4B-COMPATIBLE CARD DECK CONTAINING: * 
C * 1 ) MAP NAME * 
C * 2) MAP DATA (LEFT HALF) * 
C * 3) MAP DATA (RIGHT HALF) * 
C I I lf I if lt I I I I I I lt I I ~ * lt * I I I I * ll I lt lf I I 

INTEGER*2 X(120,120), NEWX(120,120) 
INTEGER*2 XLEFT (120,60), XRIGHT (120,60), ICATS(56) 
INTEGER*2 ZERO/ 1 0 'I' BLANK/ I I I 
INTEGER MAPNAM( 5) , RADIUS, RADWTH 

c 
C ** SET CELL WIDTH TO CELL HEIGHT RATIO ** 

CELWTH = • 8 
c 
C ** READ SEARCH RADIUS ** 

READ (4,*) RADIUS 
c 
C ** DETERMINE SEARCH RADIUS IN UNITS OF CELL WIDTH ** 

RADWTH = (RADIUS/ CELWTH) + 0. 5 
c 
C ** READ A SET OF MAP CARDS ** 

C· 

IFLAG = 0 
CALL READIN (XLEFT,XRIGHT,MAPNAM,IFLAG) 
IF (IF LAG. NE. 0) GO TO 999 

C *** FORM 120 BY 120 ARRAY FROM INPUT DATA *** 
DO 01 IA=1, 120 
DO 01 JA=1, 60 
X(IA,JA) = XLEFT(IA,JA) 
JB:JA+60 
X(IA, JB) = XRIGHT(IA, JA) 

01 CONTINUE 
c 
C ** MAIN PROGRAM LOOP ** 

DO 60 I=1, 120 
DO 60 J = 1 , 12 0 

C *** CLEAR !CATS ARRAY *** 
DO 03 M=1, 56 
ICATS(M):O 

-~----------------- ---- ---------------
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03 CONTINUE 
c 
C H· SKIP CELLS HAVING VALUE OF ZERO OR BLANK ** 

IF(X(I,J).EQ.ZERO.OR.X(I,J).EQ.BLANK) GO TO 51 
c 
C ** :BEGIN ORTHOGONAL SEARCHES ** 
c 
C ***' EASTWARD SEARCH *** 

JE=J 
DO 10 IW=1,RADWTH 
JE:J+IW 
IF (JE.GT. 120) GO TO 11 
IF (X(I,JE) .EQ.X(I,J)) GO TO 10 
CALL CATN (X,I,JE,ICATS) 

10 CONTINUE 
C *** SOUTHWARD SEARCH ***. 
11 IS=I 

DO 20 IX=1 ,RADIUS 
IS=I+IX 
IF (IS.GT.120) GO TO 21 
IF (X(IS,J).EQ.X(I,J)) GO TO 20 
CALL CATN (X, IS, J, ICATS) 

20 CONTINUE 
C *** WESTWARD SEARCH *** 
21 JW=J 

DO 30 IY = 1 , RADWTH 
JW:J-IY 
IF ( JW. LT. 0) GO TO 31 
IF(X(I,JW).EQ.X(I,J)) GO TO 30 
CALL CATN (X, I, JW, ICATS) 

30 CONTINUE 
C *** NORTHWARD SEARCH *** 
31 IN=I 

DO 40 IZ=1,RADIUS 
IN:I-IZ 
IF (IN • LT • 0) GO TO 41 
IF (X(IN,J).EQ.X(I,J)) GO TO 40 
CALL CATN (X, IN, J, ICATS) 

40 CONTINUE 
41 CONTINUE 
C *** SUM THE ICATS ARRAY *** 

ITYPES = 0 
DO 45 ISUM:1, 56 
ITYPES = ITYPES + ICATS(ISUM) 

45 CONTINUE 
50 NEWX(I,J)=ITYPES 

GO TO 60 
51 NEWX(I,J):O 
60 CONTINUE 
c 



c 

70 

80 
100 
101 
102 
999 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
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*** CREATE NEW CARD DECK FROM COMPCTED DATA *** 
WRITE (7, 100) MAPNAM 
MARGIN=O 
DO 70 L.:1, 120 
MARGIN.:MARGIN+1 
WRITE (7,101) MARGIN, (NEWX(L,K),K:!,60) 
CONTINUE 
MARGIN=O 
DO 80 L.:1, 120 
MARGIN:MARGIN+1 
WRITE (7,102) (NEWX(L,K) ,K.:61,120), MARGIN 
CONTINUE 
FORMAT (1X,5A4) 
FORMAT (2X,I3,3X,60I1) 
FORMAT (1X,60I1,1X,I3) 
STOP 
END 
SUBROUTINE READ IN (XLEFT, XRIGHT, MAPNAM, IF LAG) 
• * * * * * * * • • * ~ • • * • * • * * • • * * 
*** SUBROUTINE NAME: READIN *** 
*** THIS SUBROUTINE READS IN AND CHECKS *** 
*** SYMBOL AND NUMERIC MAPS *** 
*** INPUT SEQUENCE: *** 
*** 1) MAP NAME, COLS. 1-20 *** 
*** 2) (MAP DATA) *** 
• • * * • * * * * * * * *· * * * • * • * * * * * 
*** NOTE: LESS THAN 240 MAP CARDS CAN BE *** 
*** READ USING THE SHORTCUT PROCEDURE *** 
* * ·* • * * * * * •..•• * * • * * * • * * * * * 

INTEGER*2 XLEFT(120,60), XRIGHT(120,60) 
INTEGER MAPNAM( 5) 
INTEGER RNUMBR, R2 
INTEGER CHEKL, CHEKR 

C ** READ THE MAP NAME ** 
READ(4, 111) MAPNAM 

111 FORMAT(5A4) 
C *****LEFT SIDE READ LOOP***** 

L =1 
CHEKL=1 

101 READ(4,01) LNUMBR,L2,(XLEFT(L,K),K=1,60) 
01 FORMAT(2X,I3,I3,60A1) 

IF(CHEKL.NE.LNUMBR) GO TO 991 
IF(L2.EQ.O) GO TO 100 
N =L2-LNUMBR 
DO 99 J =1, N 
L=L+1 
CHEKL :CHEKL+ 1 
BACKSPACE 4 

99 READ(4,011) (XLEFT(L,K),K.:1,60) 
011 FORMAT(8X,60A1) 



100 L:L+1 
CHEKL::CHEKL+l 
IF(L.GT. 120) GO TO 102 
GO TO 101 
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C *****RIGHT SID~ READ LOOP***~* 
102 L=1 

CHEKR=1 
103 READ(4,02)(XRIGHT(L 1K) ,K:i ,60), .RNIJMBR 1 R2 
02 FORMAT(1X,60A l, 1X, I3,I3) 

IF( CHEKR. NE. RNUMBR) GO TO 992 
IF(R2.EQ.O) GO TO 200 
N:R2-RNUMBR 
DO 199 J:1, N 
L:L+1 
CHEKR:CHEKR+1 
BACKSPACE 4 

199 READ(4, 022 )(XRIGHT(L, K) ,K:1, 60) 
022 FORMAT(1X,60A1) 
200 L=L+1 

CHEKR:CHEKR+1 
IF(L.GT.120) GO TO 201 
GO TO 103 

201 CONTINUE 
GO TO 999 

991 WRITE ( 6, 901 ) CHE KL,. MAPNAM 
IFLAG:10 
GO TO 999 

992 WRITE (6, 902) CHEKR, MAPNAM 
IFLAG:10 

901 FORMAT( 1H , 1 ERROR: SUBROUTINE READIN ABORTED. CARD ', 13, 1 ON LEFT 
&OUT OF ORDER ON MAP NAME: 1 ,5A4) 

902 FORr:tAT( 1H , 'ERROR: SUBROUTINE READIN ABORTED, CARD ', I3,' ON RIGHT 
& OUT OF ORDER ON MAP NAME: ',5A4) 

999 CONTINUE 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

RETURN 
END 
SUBROUTINE CATN (X,II,JJ,ICAT) 
* • * * * * * * * • * * * * • * * * * * * * * * * * * • * * * ***' SUBROUTINE NAME CATN -, 
*** THIS SUBROUTINE CREATES AN ARRAY (ICAT) OF DIFFERENT 
*** CELL V-ALUES ENCOUNTERED WITHIN A GIVEN SEARCH 
*** DIRECTION, AND PASSES THE ARRAY BACK TO THE MAIN PGM 
*** NO INPUT IS REQUIRED 
*** WARNING: THE BLANK SYMBOL IS NOT COUNTED AS A 
*** OIF'FERENT SYMBOL, AND SHOULD BE RESERVED 
*** FOR SIGNIFYING CELLS OUTSIDE THE. MAPPED 
*** AREA. 

*** 
*** 
*** 
*** 
*** 
*** 
***• 
*** 
*** •• * * * * • • * • • • * * * * * * * * * * •· * •• * * * * * 

INTEGER*2 ICAT(56),. IN(56), X(120,120) 
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C ** DEFINE THE ARRAY OF POSSIBLE MAP SYMBOLS ** 
C **' BLANK CHARACTER IS NOT CONCIDERE.D, BUT MAY BE ADDED BELOW ** 

DATA IN/ I A', I.$ I 'I c I ''DI • IE' i 'FI ''G; 'l H? • I I I·. I JI 'I KI 'IL I 'IM I 'IN' ,' 
&0 1 tpt ·'Q' 'R' 'S'· 'T' I 'U' 1\/1 IYI 1yi 'Y' 'Z' t~I ,_, '+' '*' I 

' t ' ' . ' ' ·' ' '1· ' .... ' - ' - ' . t - ,. . ' '' ' & I 9 I$ I 9 l /I t I (1 9 I ) I f I , I 1 l 3 I ; I : I 9 I > I ' ! ( I ' I ! I t I & I t I @1 1 I { I ' I II I 9 I ! I. 9 I. 0 I 1 
&'1' '2' '3'·'4'' '5' 1 6 1 i7r '8' !(.)!/ ,. ' - ' . ' ' ' : ,. . ' ,; c 

DO 10 I=1156 
IF (X(II,JJ}.NE.IN(I)) GO TO 10 

5 ICAT(I):1 
GO TO 99 

10 CONTINUE 
99 RETURN 

END 
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C ******************************I******************************** 
C *** PROGRAM NAME: CONVEir.t *** 
C *** THIS PROGRAM CONVERTS ALPH.?..NUME:lIC MAPS TO NUMERIC MAPS *** 
C *** INPUT SEQUENCE: *** 
C *** 1) MAP NAME,. COLS. 1'-20 *** 
C *** 2) (MAP DATA) *** 
c *** *** 
C *** NOTE: ONLY 1 MAP DECK SHOULD BE READ IN FOR EACH RUN *** 
C *** OF THIS PROGRAM *** 
C *** NOTE: LESS THAN 240 MAP CARDS CAN BE READ IN USING THE *** 
C *** SHORTCUT PROCEDURE *** 
c **************************•···································· 
c 

c 
c 
c 

c 

INTEGER XLEFT ( 120, 60), XRIGHT ( 120, 60) 
INTEGER NEWLFT( 120, 60), NEWRHT( 120, 60) 
INTEGER IN(57), OUT(57), MAPNAM(5) 
INTEGER RNUMBR, R2, CHEKL, CHEKR 
*** THE VARIABLE 1 IN 1 IN THE FOLLOWING DATA STATEMENT 
*** REPRESENTS THE ENTIRE RANGE OF POSSIBLE SYMBOLS 
*** WHICH MAY BE USED WITH THE MAP4B SYSTEM 

*** 
*** 
*** 

DATA IN I I A I ' I BI ' I c I ' 'DI ' 'E l ' IF I 'I G 1 • 'H' , ! I ' 'I J ' ' l KI ' 'LI 'IM I ' IN I '! 

&O I ' I p I ' I Q ! ' I R I ' Is ' ' I T I • l u I • ' v ' ' I w I ' I x l ' ! y I ' I z I ' l - I ' I = I ' I + ' ' I * I ' ' ' 

&' t I$ I t l j ! t I ( 1 t I ) I 'I , I t I% I 'I ; I t I) I 'l (I '! : I 7 I & l 'I @I 1 I { I 'I 11 I 1 I ! ' t IQ I , 

&' 1 1 ' 1 2 1 'I3' ,'4' ''5 I' 1 6 1 ''7',18 1 ''9' 'l ! I 

C *** OUTPUT SYMBOLS l\.RE DETERMINED WITH THE FOLLOWING DATA *** 
C *** STATEMENT BY ASSIGNING THE DESIRED INTEGER VALUES IN *** 
C *** THE PROPER SEQUENCE SO AS TO REPLACE A SYMBOL WITH *** 
C *** THE DESIRED SINGLE INTEGER VALUE *** 
c 
c 
c 
c 
c 

c 

* * * * * * * * * * * * * * * * * I * * * * * * * * I I * * * **** WARNING: THE REPLACEMENT SEQUENCE MUST BE EXACT AND **** 
**** AND THERE MUST BE A TOTAL OF 45 DATA VALUES IN THE **** 
**** 'DATA STATEMENT 1 

* * I * * * * * * * * * * * I * * it * * * * * * * * * * * * lf 
DATA OUT/57*0/ 

C ** READ MAP NAME ** 
READ( 4, 111) MAPNAM 

111 FORMAT(5A4) 
c 
C ** WRITE MAP NAME ** 

WRITE(7,222) MAPNAM 
222 FORMAT(1X,5A4) 
c 
C *****LEFT SIDE READ LOOP***** 

L=1 
CHEKL:: 1 

101 READ(4,01) LNUMBR,L2,(XLEFT(L,K) ,K::1,60) 
01 FORMAT(2X,13,I3,60A1) 

IF(CHEKL.NE.LNUMBR) GO TO 991 



DO 55 K=1, 60 
DO 50 I::1,45 
ICHEK=I 

198 

IF ((XLEFT(L,K)).EQ.IN(I)) GO TO 300 
50 CONTINUE 

WRITE (7,51) 
51 FORMAT (1X, 'ERROR: NO CORRESPONDING S':'"HBOL, CHECK DATA STMNT CARDS 

& I) 
300 NEWLFT(L ,K)::OUT(ICHEK) 
55 CONTINUE 
c 
C ** LEFT SIDE CARD OUTPUT ** 

WRITE (7,55.5) LNUMBR,L2,(NEWLFT(L,K),K:1,60) 
555 FORMAT (2X, I3, 13, 60A 1) 
c 

IF(L2.EQ.O) GO TO 100 
N::L2-LNUMBR 
DO 99 j:1,N 
L=L+1 
CHEKL::CHEKL+1 
BACKSPACE 4 

99 READ(4,011) (XLEFT(L,K),K=1,60) 
011 FORMAT(8X,60A1) 
100 L=L+1 

CHEKL=CHEKL+1 
IF(L.GT .120) GO TO 102 
GO TO 101 

C *****RIGHT SIDE READ LOOP***** 
102 L=1 

CHEKR::1 
103 READ(4,02)(XRIGHT(L,K),K=1,60), RNUMBR, R2 
02 FORMAT(1X,60A1, 1X,I3,I3) 

IF(CHEKR.NE.RNUMBR) GO TO 992 
DO 65 K:1, 60 
DO 60 I=1, 45 
ICHEK:I 
IF (XRIGHT(L,K).EQ.IN(I)) GO TO 400 

60 CONTINUE 
400 NEWRHT(L,K):OUT(ICHEK) 
65 CONTINUE 
c 
C ** RIGHT SIDE CARD OUTPUT ** 

WRITE (7, 556) (NEWRHT (L, K) ,K:l, 60) , RNUMBR, R2 
556 FORMAT (1X,60A1,1X,I3,I3) 
c 

IF(R2.EQ.O) GO TO 200 
N=R2-RNUMBR 
DO 199 J:1,N 
L=L+1 
CHEKR::CHEKR+1 



199 

BACKSPACE 4 
199 READ(4,022)(XRIGHT(L,K) ,Ki:1,60) 
022 FORMAT( 1X, 60A1) 
200 L=L+1 

CHEKR:CHEKR+1 
IF(L.GT. 120) GO TO" 201 

· GO TO 103 
201 · CONTINUE 

GO·TO 999 
c 
C **'ERROR CONDITION SECTION ** 
991 WRITE (7, 901) CHEKL 

GO TO 999 
992 WRITE (7, 902) CHEKR 
901 FORMAT( lH., 'ERROR: PROGRAM ABORTED DUE TO IMPROPER CARD SEQUENCE. 

&CARD ',I3, I ON LEFT OUT OF ORDER. I) 

902 FORMAT(1H ,'ERROR! PROGRAM ABORTED DUE TO IMPROPER CARD SEQUENCE. 
&CARD I ,I3, I ON RIGHT OUT OF ORDER.') 

999 CONTINUE 
STOP 
END 

·------- ----------
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c * * * * * * * * * * * * :i. '* * * ~' ll * ~ * * * * * * * * * * * * * 
C * PROGRAM NAME: SLOPE * 
C * THIS PROGRAM USES A. SIMPLE, GREATEST ELEVATION DIFFERENCE * 
C * ALGORITHM TO CALCULATE SLOPE AND ASPECT FOR A GIVEN CELL. * 
C * NOTE: DIFFERENCES ARE CALCULATED FROM THE TARGET CELL * 
C * INPUT SEQUENCE: 
C * MAP DATA (SEE READ STATEMENT FOR FORMAT) * 
C * OUTPUT (UNIT 7): 2 DECKS OF CARDS CONSISTING OF: * 
C * 1) 120 LEFT SIDE CARDS OF SLOPE DATA * 
C * 2) 120 RIGHT SIDE CARDS OF SLOPE DATA * 
C * 3) 120 LEFT SIDE CARDS Of ASPECT DATA * 
C * 4) 120 RIGHT SIDE CARDS OF ASPECT DATA * 
C * OUTPUT (UNIT 6): ERROR MESSAGES * 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

c 

DIMENSION X(120,120) 
INTEGER*2 SLOPE(120, 120), ASPCT(120, 120) 
INTEGER*2 IS LOPE, IASPCT 

C ** SET CELL HEIGHT, CELL WIDTH, AND CRFX FOR USGS TOPO SHEETS ** 
C ** NOTE : CRFX = 379. 45733 IF ELEVATION IS IN FEET ** 
C ** CRFX = 115.66 IF ELEVATION IS IN METERS ** 

CELLHT = 1.0 
CELWTH = . 8393667 
CRFX = 242. 

c 
C ** ENTER DEVIATION (DEGREES CLOC!<..lHSE) IF BASE MAP IS TILTED ** 

DEV = 10. 
c 

IFLAG = 0 
c 
C ** READ THE ELEVATION DATA ** 

DO 01 IA=1, 120 
READ (4,111) (X(IA,JA),JA:1,120) 

1 1 1 FORMAT ( 1 2 OF 6 • 0 ) 
01 CONTINUE 
c 
C ** MAIN PROGRAM LOOP ** 

c 

DO 03 I:1, 120 
DO 03J:1,120 
CALL SLOPA (I, J, X, CELLHT, CELWTH, IS LOPE, IASPCT, CRFX, IF LAG, DEV) 
IF (IFLAG.NE.O) GO TO 999 
SLOPE(I,J) = ISLOPE 
ASPCT(I,J) = IASPCT 

C ** SLOPE SORT SECTION ** 
IF (SLOPE(I,J).GE.O.AND.SLOf'E(I,J).LT.5) SLOPE(I,J)::: 1 
IF (SLOPE(I,J).GE.5.AND.SLOPE(I,J).LT.10) SLOPE(I,J) = 2 
IF (SLOPE(I,J).GE.10.AND.SLOPE(l,J).LT.15) SLOPE(I,J) = 3 
IF (SLOPE(l,J).GE.15.AND.SLOPE(I,J) .LT.20) SLOPE(I,J) = 4 
IF (SLOPE(I,J).GE.20.AND.SLOPE(I,J).LT.25) SLOPE(l,J) = 5 
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IF (SLOPE(I,J).GE.25.AND.SLCPE(!,J 
IF (SLOPE (I, J) .GE. 30 .AHD. SLOPE CI, J 
IF (SLOPE(I,J).GE.35.AND.SLOPE(I,J 
IF (SLOPE (I, J). GE. 40. AND. SLOPE CI, J 
IF (SLOPE (I , J) • GE • 45 ) SLOPE CI, J) -

c 
C *** TEST FOR ERRORS ** 

IF (SLOPE(I,J).LT.0) GO TO 996 
GO TO 998 

996 WRITE(6,997) I, J, SLOPE(I,J) 

.LT. 30) SLOPE (I, J) :: 6 

.LT.35) SLOPE(I,J) = 7 

.LT .. 40) SLOPE(I,J) = 8 

.L!.45) SLOPE(I,J) = 9 
0 

997 FORMAT(1X, 'WARNING: CELL ',I3, 1X,I3,' HAS A VALUE OF: 1 ,IS, 1 FOR SL 
&OPE I) 

998 CONTINUE 
c 
C ** ASPECT SORT SECTION ** 

c 

IF (ASPCT(I,J).GE.O.AND.ASPCT(I,J).LT.45) ASPCT(I,J) = 1 
IF (ASPCT(I,J).GE.45.AND.ASPCT(I,J).LT.90) ASPCT(I,J) = 3 
IF (ASPCT(I,J).GE.90.AND.ASPCT(I,J).LT.135) ASPCT(I,J) = 5 
IF (ASPCT(I,J).GE.i35.AND.ASPCT(I,J).LT.180) ASPCT(I,J) = 7 
IF (ASPCT(I,J) .GE.180.AND.ASPCT(I,J) .LT.225) ASPCT(I,J) = 9 
IF (ASPCT(I,J).GE.225.AND.ASPCT(I,J).LT.270) ASPCT(I,J) :: 6 
IF (ASPCT(I,J).GE.270.AND.ASPCT(I,J).LT.315) ASPCT(I,J) - 4 
IF (ASPCT(I,J) ~GE.315.AND .. ASPCT(I,J) .. LE.360) ASPCT(I,J) = 2 
IF (ASPCT(I,J) .GE.360) ASPCT(I,J) = 0 

C *** TEST FOR ERRORS WITH ASPECT *** 
IF(ASPCT(I, J) .LT. 0) GO TO 889 
GO TO 890 

889 WRITE(6,887) I, J, ASPCT(I,J) 
887 FORMAT(1X,'WARNING: CELL 1 ,I3,1X,I3,' HAS A VALUE OF',I5,' FOR ASPE 

&CT 1 ) 

890 CONTINUE 
c 
03 CONTINUE 
c 
C ** OUTPUT LOOP ** 

WRITE (7, 100) 
100 FORMAT ( 1 X, 'OUTPUT FROM PROGRAM SLOPE') 

WRITE (7, 101) 
101 FORMAT(1X,'SECTION 1: SLOPE OUTPUT') 
C *** LEFT SIDE CARD OUTPUT LOOP *** 

MARGIN = 0 
DO 04 l L:.:1, 120 
MARGIN = MARGIN + 1 
WRITE (7, 1101) MARGIN, (SLOPE(L,K) ,K:1,60) 

1101 FORMAT (2X,I3,3X,60I1) 
041 CONTINUE 
c 
C *** RIGHT SIDE CARD OUTPUT LOOP *** 

MARGIN = 0 



DO 042 L:1, 120 
MARGIN = MARGIN + 1 

202 

WRITE (7, 1 '!02) (SLOPE (L, K), K:61, 12•J), HARGIN 
1102 FORMAT (1X,60I1, 1XiI3) 
042 CONTINUE 
c 

WR IT E ( 7 , 1 0 3 ) 
103 FORMAT(1X,'SECTION 2: ASPZCT OUTPUT') 
c 
C *** LEFT SIDE CARD OUTPUT LOOP **~ 

MARGIN = 0 
DO 051 L = 1 , 120 
MARGIN = MARGIN + 1 
WRITE (7, 1103) MARGIN, (ASPCT(L,K),K:1 ,60) 

1103 FORMAT(2X,I3,3X,60I1) 
051 CONTINUE 
c 
C *** RIGHT SIDE CARD OUTPUT LOOP *** 

MARGIN = 0 
DO 052L=1,120 
MARGIN = MARGIN + 1 
WRITE (7, 1104) (ASPCT(L,K),K=61, 120), MARGIN 

1104 FORMAT (1X,60I1, 1X,I3) 
052 CONTINUE 
c 
999 STOP 

END 
c 

SUBROUTINE SLOPA( M, N, X, CELLHT, CELWTH, IS LOPE, IASPCT, CRFX, IFLAG, DEV) 
c • * * * * * * * * * * * * * * * * * * * * * * * * * * • • * * * * 
C ** INPUT VARIABLE LIST (FROM CALLING PROGRAM): ** 
C ** M = ROW NUMBER OF CELL ** 
C ** N = COLUMN NUMBER OF CELL ** 
C ** X = ARRAY OF ELEVATIONS ** 
C ** CELLHT = HEIGHT OF CELL (DIMENSION OF CODING GRID) u 
C ** CELWTH = WIDTH OF CELL (DIMENSION OF CODING GRID) ** 
C ** CRFX = CORRECTION FACTOR FOR CONVERTING CELL DIMENSIONS ** 
C ** INTO ON-THE-GROUND MEASUREMENTS IN THE SAME ** 
C ** SAME UNITS AS ELEVATION (METERS OR FEET) ** 
C ** OUTPUT VARIABLES: ** 
C ** ASPECT = WEIGHTED AVERAGE OF GREATEST DOWNHILL DIRECTION ** 
C ** AND OPPOSITE ANGLE OF GREATEST UPHILL DIRECTION ** 
C ** (EXPRESSED IN DEGREES) ** 
C ** SLOPE = AVERAGE OF GREATEST ELEVATIONAL DIFFERENCE AND ** 
C ** ELEVATION OF TARGET CELL (EXPRESSED IN DEGREES) ** 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * c 

INTEGER XLIM,YLIM 
INTEGER*2 ISLOPE, IASPCT 
DIMENSION THETA (9), ELEV (9), X (120,120) 



REAL MAXU P , M INDN 
c 
C ** INITIALIZATION OF MAP SIZE LIMES ** 

XLIM = 120 
YLIM = 120 

c 
C CHECK M AND N FOR IMPROPER VALUES 

c 
IF (M.LE.O.OR.M.GT.YLIM) GO TO 110 
IF ( N • LE • 0. OR • N. GT • XL IM) GO TO 1 ; 2 

C CALCULATE ANGLES TO EACH OF THE ADJACENT 8 CELLS 
C NOTE: THETA( 5) IS A DUMMY 
C THETA'S ARE NUMBERED CONSECUTIVELY, LEFT TO RIGHT BEGINNING AT 
C TOP LEFT ••• 
c 

c 

ANGLE = ( ATAN ( CELLHT I CELWTH) ) *5 7. 295 773 
THETA(2) = 360. 
THETA(4) = 270. 
THETA(6) : 90<1 
TH.ETA(8) = 180. 
THETA(1) 
THETA(3) 
THETA(5) 
THETA( 7) 
THETA(9) 

= 
= 
= 
= 
= 

THETA(4)+ANGLE 
THETA(6)-ANGLE 
o. 
THETA(4)-ANGLE 
THETA(6)+ANGLE 

C READ ELEVATIONS LEFT TO RIGHT BEGINNING WITH NW CORNER 
c 
C TOP ROW SCAN 

IM = M-1 
IN = N-1 
DO 10 I= 1 , 3 

C CHECK FOR OVERRUN 
IF (IM.LE.O.OR.IN.LE.O.OR.IN.GT.XLIM) GO TO 08 
ELEV(I) = X(IM,IN) 
GO TO 09 

08 ELEV(I) = X(M,N) 
09 IN = IN+1 
10 CONTINUE 
c 
C MIDDLE ROW SCAN 

IM = M 
IN = N-1 
DO 20 I:4,6 

C CHECK FOR OVERRUN 
IF (IN.LE.O.OR.IN.GT.XLIM) GO TO 18 
ELEV(I) = X(IM,IN) 
GO TO 19 

18 ELEV(I) = X(M,N) 
19 IN =IN+1 
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20 CONTINUE 
c 
C BOTTOM ROW SCAN 

IM = M+1 
IN = N-1 
DO 30 I ::7, 9 

C CHECK FOR OVERRUN 
IF (IN.LE.O.OR.IN.GT.lG.IM.OR.IM.GT.YLIM) GO TO 28 
ELEV(I) = X(IM,IN) 
GO TO 29 

28 ELEV(I) = X(M,~) 
29 IN = IN+1 
30 CONTINUE 
c 
C DETERMINE MAXIMUM ELEVATION AND LOCATION (IHIGH) 
c 

HTMAX = ELEV(5) 
IHIGH ::: 5 
DO 40 I=1, 9 
IF (ELEV(I).GT.HTMAX) GO TO 41 
GO TO 40 

41 HTMAX = ELEV (I) 
IHIGH = I 

40 CONTINUE 

C DETERMINE MINIMUM ELEVATION AND LOCATION (ILOW) 
c 

HTMIN = ELEV(5) 
ILOW = 5 
DO 50 I=1, 9 
IF (ELEV(I).LT.HTMIN) GO TO 51 
GO TO 50 

51 HTMIN = ELEV(I) 
ILOW = I 

50 CONTINUE 
c 
C ***** SLOPE COMPUTATION SECTION ***** 
c 
C COMPUTE SLOPE, WHERE SLOPE IS THE AVERAGE OF THE DIFFERENCES 
C BETWEEN THE CENTRAL ELEVATION AND THE 2 EXTREME ELEVATIONS 
c 

c 

IF (IHIGH.EQ. 1.0R.IHIGH.EQ.3.0R.IHIGH.EQ.7.0R.IHIGH.EQ.9) DISTUP:: 
&(SQRT(CELLHT**2+CELWTH**2))*CRFX 
IF (IHIGH.EQ.2.0R.IHIGH.EQ.8) DISTUP:CELLHT*CRFX 
IF (IHIGH.EQ.4.0R.IHIGH.EQ.6) DISTUP:CELWTH*CRFX 
IF (ILOW.EQ.140R~ILOW.EQ.3.0R.IHIGH.EQ~7.0R.ILOW.EQ,.9) DISTDN = 

&(SQRT ( CELLHT**2 +CELWTH**2)) *CRFX 
IF (ILOW.EQ.2.0R.ILOW.EQ.8) DISTDN=CELLHT*CRFX 
IF ( II..'JW. EQ. 4. OR. ILOW .EQ. 6) DISTDN=CELWTH*CRFX 
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C CREATE A DUMMY VALUE FOR KNOB -AND/OR BOWL SITUATION 
c 

c 
IF (IHIGH.EQ.5) DISTUP=1. 
IF (ILOW.EQ.5.) DISTDN::i. 

C CALCULATE UPHILL AND DOWNHILL SLOP£ ANGLES 
c 

UPSLOP = ATAN((ELEV(IHIGH)-ELEV(5))/DISTUP)*57.295773 
DNSLOP = ATAN ( (ELEV(5 )-ELEV ( ILCi'i) ! /DISTDN) *57 ." 295773 

c 
C **** ACCOMMODATE BOWL OR. KNOB SITUATION **** 

IF (IHIGH.EQ.5) GO TO 68 
IF (ILOW.EQ.5) GO TO 69 

C DETERMINE SLOPE ANGLE 
SLOPE = (UPSLOP+DNSLOP)/2. 

c 
GO TO 70 

68 SLOPE = DNSLOP 
GO TO 70 

69 SLOPE = UPSLOP 
70 CONTINUE 
C ACCOMMODATE FOR A HORIZONTAL PLANE 

IF (IHIGH.EQ.5.AND.ILOW.EQ.5) SLOPE=O. 
c 
C ** SET ISLOPE (AN INTEGER) TO THE VALUE OF SLOPE ** 

ISLOPE = SLOPE + 0.5 
c 
C ***** ASPECT COMPUTATION SECTION ***** 
c 
C SET MAXIMUM UP-SLOPE AZIMUTH 

MAXUP = THETA(IHIGH) 
c 
C SET MINIMUM DOWN-SLOPE AZIMUTH 

MINDN = THETA( ILOW) 
c 
C ACCOMMODATE FOR KNOB SHAPE (I.E. ELE'l5 IS HIGHEST) 

,., 
v 

IF (IHIGH.EQ.5) GO TO 58 

C SET AN AZIMUTH 180 DEGREES FROM MAXIMUM UP-SLOPE 
UPOPP = MAXUP + 180. 

c 
C ACCOMMODATE FOR BOWL SHAPE (I.E. SLEV5 IS LOWEST) 

IF (ILOW.EQ.5) GO TO 59 
c 
C ACCOMMODATE FOR A PLANE 

IF ( MINDN-UPOPP. GT.-. 00000 'i. AND. MINDN-UPOPP. LT.. 00001) GO TO 58 
c 
C CREATE WEIGHTING FACTORS BASED ON SLOPE RATIOS 
c 

SUMSLP = UPSLOP + DNSLOP 

------------------·------



c 

UPRTIO = UPSLOP/SUMSLF 
DNRTIO = DNSLOP/SUMSLP 
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C CALCULATE ASPECT BASED ON ELEVti.TIONAL (SLOPE) WEIGHTS 
c 

GALL VECADD (MINDN, DNRTIO, UPOPP, UPHTIS, ASPECT, Xt\!AG) 
c 

GO TO 60 
58 ASPECT = MINDN 

GO TO 60 
59 ASPECT = UPOPP 
60 CONTINUE 
c 
C ACCOMMODATE FOR A HORIZONTAL PLANE 
61 IF (IHIGH.EQ.5.AND.ILOW.EQ.5) ASPECT = 0. 
c 
C ACCOMMODATE FOR NEGATIVE ANGLES 

IF (ASPECT.LT.0.) ASPECT:ASPECT+360. 
c 
C ACCOMMODATE FOR ANGLES GREATER THAN 360 DEGREES 

IF (ASPECT.GT.360.) ASPECT:ASPECT-360. 
c 
C ** CORRECT FOR TILTED BAS£ MAP ** 

ASPECT = ASPECT - DEV 
c 

IF (ASPECT.LT.O.) ASPECT= ASPECT+ 360. 
c 
C ** CREATE INTEGER VALUE FOR ASPECT ** 

IASPCT = ASPECT + 0.5 
c 

GO TO 999 
11 0 WRITE ( 6, 111 ) M 
111 FORMAT (1X, 1 SUBROUTINE SLOPE ABORTED ... M HAS VALUE OF' ,I3) 

IFLAG = 999 
GO TO 999 

112 WRITE (6, 113) N 
113 FORMAT (1X,'SUBROUTINE SLOPE ABORTED ... N HAS VALUE OF' ,I3) 

IFLAG = 999 
999 CONTINUE 

RETURN 
END 

c 
C *** VECTOR ADDITION SUBROUTINE *** 

SUBROUTINE VECADD(Q1,D1,Q2,D2,Q3,D3) 
CALL PRIANG(Q1,P1,DX,DY) 
RP1=P1/57.295773 
Y1=DY*SIN(RP1)*D1 
X1:DX*COS(RP1)*D1 
CALL PRIANG(Q2, P2, DX, DY) 
RP2=P2/57.295773 



Y2:DY*SIN(RP2)*D2 
X2:DX*COS(RP2)*D2 
YDIFF:Y 1 +Y2 
XD IFF =X 1 +X2 
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IF(XDIFF .LT. 0. 00001 .AND.XDIFF .GT.-. CJGG01) XDIFF:. 00001 
I.F(YDIFF.LT.0.00001.AND.YDIFF.GT.-.C'0001) YDIFF:.00001 
D3:SQRT (XDIFF*XDIFF +YDIFF*YDIFF) 
R P3 :ATAN (YDIFF /XD IFF) 
Q3=RP3*57.295773 

C WRITE(6,60) X1,Y1,X2,Y2,Q3,XDIFF,YDIFF 
IF(XDIFF .GT .O.) Q3=90. -Q3 
IF(XDIFF.LT.O.) Q3=270.-Q3 

C IF (ABS(Q1-Q2).EQ.180.) Q3=Q1+90. 
IF(Q3.GT,360.) QJ=Q3-360. 
IF(Q3.LT.0.) Q3=360.-Q3 

C60 FORMAT(5F20.5) 
RETURN 
END 
SUBROUTINE PRIANG(Q,P,DX,DY) 
THETA=Q 
J:(THETA-.0001)/90. 
IF(THETA.LE.90.) ANG=90.-THETA 
IF(THETA. GT. 90.) ANG=THETA-90. 
IF(THETA.GT.180.) ANG=270.-THETA 
IF(THETA.GT.270.) ANG=THETA-270. 
P=ANG 
DY:: 1 • 
DX=1. 
IF(J .EQ.1.0R.J.EQ.2) DY:-DY 
~F(J .EQ.2.0R.J.EQ.3) DX::-DX 
RETURN 
END 



.Ap-pend ix C 

The ?REDIC Program 

C *** PROGRAM FOR LINKING PREDIGT.T.ON PGM WITH MAP4B *** 

c 

DIMENSION AGETBL(15,6}, VECTOR(16,6), ELEV(120, 120) 
REAL MARKOV ( 1 6 ., 5, 5) 
INTEGER*2 IFACTR(24, 16) 
INTEGER*2 BLANK/ I I I' ZER0/ 1 0 I I' ONE/ I 1 I I 
INTEGER*2 MASTMT(120, 120), OPENMT(120, 120), ROOSMT(120, 120) 
INTEGER*2 MASTDV, IO PENG, IROOST, IASPC 
INTEGER*2 SPPMAP ( 120, 120), AGEMAP ( 120, 120) , ISTRM( 120, 120) , ISTR 
INTEGER*2 SLOPE(120,120), ASPECT(120,120), ISLOPE, IASPCT, ISLOP 
INTEGER*2 XL EFT{ 120; 60), XRIGHT ( 120, 60) 
INTEGER*2 SPP1/'A 1 /, SPP2/ 1B 1 /, SPP3/'C'/, SPP4/'D'/, SPP5/'E'/, 

&SPP6/rF 1 /, SPP7/'G'/, SPP8/'H'/, SPP9/'I'/, SPP10/ 1 J 1 /, SPP11/'K'/ 
&,SPP12/'L'/ 

INTEGER SPP(11), IM(3), NAME(16,15), HORIZN 
INTEGER*2 AGE1/'1 'I, AGE2/'2'/, AGE3/'3'/, AGE4/'4 1 /, AGE5/'5'/, 

&AGE6/ 16'/, AGE7/'7'/, AGE8/'8'/, AGE91'9'1, AGE10/'A'/, AGE11/'B'/ 
&, AGE12/'C'/, AGE13/'D'/, AGE14/'E'/, AGE15/'F 1 / 

C ** SET INITIAL SETUP CONDITIONS ** 
CELLHT = 1.0 
CELWTH = .8393667 
CRFX = 242. 
DEV = 10. 
IFLAG = 0 
ICAST = 2 
HORIZN = 1 

c 
C ** READ MARKOV TRANSITION MATRICES ** 

DO 200 I= 1,16 
READ(1,201) (NAME(I,INAM) ,INAM=1, 15) 

201 FORMAT(15A4) 
DO 200 J = 1, 5 
READ(1,*) (MARKOV(I,J,K) ,K:1,5) 

200 CONTINUE 
c 
C ** READ FACTOR OCCURRENCE (FSO) TABLE ** 

DO 250 I = 1 , 24 
READ(2,*) CIFACTR(I,J),J:1, 16) 

250 CONTINUE 
c 
C H READ IN ELEVATION DATA ** 

DO 300 IA = 1, 120 
READ \3,301) (ELEV(IA,JA) ,JA:l, 120) 
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301 FORMAT (120F5.0) 
300 CONTINUE 
c 
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C ** READ IN SPECIES DATA FROM MAP CA.RDS ** 
CALL READIN (XLEFT, XRIGHt, IF LAG) 

IF (IFLAG.NE.0) GO TO 1012 
c 

** FORM 120 BY 120 WORK:::,lG MATRIX FROM SPECIES DATA ** 
DO 1001 IA= 1, 120 

1001 
c 

DO 1001 JA = 1,60 
SPPMAP(IA,JA) = XLEFT(IA,JA) 
JB = JA. + 60 
SPPMAP(IA,JB) = XRIGHT(IA,JA) 
CONTINUE 

C ** READ IN AGE DISTRIBUTION DATA FROM MAP CARDS ** 
CALL READIN (XLEFT,XRIGHT,IFLAG) 
IF (IFLAG.NE.O) GO TO 1013 

c 
C ** FORM 120 BY 120 WORKING MATRIX OF AGE DATA ** 

DO 1002 IA= 1~120 
DO 1002 JA = 1 ,60 
AGEMAP(IA,JA) = XLEFT(IA,JA) 
JB = JA + 60 
AGE MAP (IA, JB) = XRIGHT( IA, JA) 

1002 CONTINUE 
c 
C ** READ IN STREAM DATA FROM MAP CARDS ** 

CALL READIN (XLEFT,XRIGHT,IFLAG) 
IF (IFLAG.NE.O) GO TO 1014 

c 
C ** FORM 120 BY 120 WORKING MATRIX FROM STREAM DATA ** 

DO 1003 IA= 1,120 
DO 1003 JA = 1 ,60 
ISTRM(IA,JA) = XLEFT(IA,JA) 
IF(ISTRM(IA,JA).EQ.ZERO) ISTRM(IA,JA) 
IF(ISTRM(IA,JA) .EQ.BLANK) ISTRM(IA,JA) 
IF(ISTRM(IA,JA).EQ.ONE) ISTRM(IA,JA) 
JB = JA + 60 
ISTRM(IA,JB) = XRIGHT(IA,JA) 
IF(ISTRM(IA,JB) .EQ.ZERO) ISTRM(IA,JB) 
IF(ISTRM(IA,JB) .EQ.BLANK) ISTRM(IA,JB) 
IF(ISTRM(IA,JB) .EQ.ONE) ISTRM(IA,JB) 

1003 CONTINUE 
c 

= 0 
= 0 
= 1 

= 0 
= 0 
= 1 

C ** CREATE 120 BY 120 SLOPE AND ASPECT MATRICES ** 
DO 400 I = 1, 120 
DO 40 0 J = 1 , 12 0 

401 CALL SLOPA (I, J, ELEV, CELLHT, CELWTH, IS LOPE, IASPCT, CRFX, IF LAG, DEV) 
SLOPECI~J) = ISLOPE 

-- -----·---- -------·------- -- - --- - -- - -- - - ---------~----------



ASPECT(I,J) = IASPCT 
IF (IFLAG.NE.0) GO TO 1015 

liOO CONTINUE 
c 
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C ** READ IN TABLE OF AGE DISTRIBUTIONS ** 
DO 500 IRW : 1, 15 
READ (5,*) (AGETBL(IRW,IGOL),ICOL::.1,6) 

500 CONTINUE 
c 
C ** MAIN PROGRAM LOOP ** 

DO 1000 I=1, 120 
DO 1000 J:1, 120 

c 
C ** AVOID UNASSIGNED VALUES RESULTING FROM BYPASSING MAIN LOOP ** 

MASTMT(I,J) = 0 
OPENMT(I,J) : 0 
ROOSMT(I,J) = 0 

c 
C ** SKIP CELLS NOT WITHIN AREA OF INTEREST ** 

IF((SPPMAP(I,J).EQ.BLANK).OR.(SPPMAP(I,J).EQ.ZERO)) GO TO 1000 
c 
C ** CLEAR POINTER ARRAY ** 

DO 2000 ICLR = 1,3 
IM(ICLR) = 0 

2000 CONTINUE 
c 
C ** DETERMINE ROW NUMBER OF VECTOR ARRAY TO FILL ** 

IF(SPPMAP(I,J).EQ.SPP1) GO TO 01 
GO TO 02 

01 IM( 1) = 3 
IM(2) = 5 
IM ( 3) = 11 
GO TO 22 

02 IF(SPPMAP(I,J).EQ.SPP2) GO TO 03 
GO TO 04 

03 IM( 1 ) = 1 
GO TO 22 

04 IF(SPPMAP(I,J).EQ.SPP3) GO TO 05 
GO TO 06 

05 IM(1) = 3 
IM(2) = 5 
GO TO 22 

06 IF(SPPMAP(I,J).EQ~SPP4) GO TO 07 
GO TO 08 

07 IM( 1) = 5 
GO TO 22 

08 IF(SPPMAP(I,J).EQ.SPP5) GO TO 09 
GO TO 10 

09 IM(1) = 7 
GO TO 22 
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10 IF(SPPMAPCI,J).EQ.SPP6).GO TO 11 
GO TO 12 . 

11 IM(1) = 6 
IM(2) = 7 
GO TO 22 

12 IF(SPPMAP(I,J).E~.SPP7) 00 TO 13 
GOTO 14 

13 IM(1) = 3 
GO TO 22 

14 IF(SPPMAP(I, J) .EQ.SPP8) GO TO 15 
GO TO 16 

15 IM(1) = 2 
GO TO 22 

16 IF(SPPMAP(I,J).EQ.SPP9) GO TO 17 
GO TO 18 

17 IM( 1) : 9 
GO TO 22 

18 IF(SPPMAP(I,J).EQ.SPP10) GO TO 19 
GO TO 20 

19 IM( 1) = 8 
GO TO 22 · 

20 IF(SPPMAP(I,J).EQ.SPP11) GO TO 21 
21 IM( 1) = 11 

GO TO 22 . 
~4 IF(SPPMAP(I,J).EQ.SPP12) GO TO 23 
C **IF SPPMAP DOESN'T MATCH ANY SYMBOL, GO TO ERROR SECTION** 

GO TO 1010 
23 IM(I) = 12 

GO TO 22 
C *** END OF CATEGORIZATION FOR SPECIES ** 
c 
22 CONTINUE 
c 
C ** DEFINE THE ROW OF THE AGE DISTRIBUTION TABLE TO BE USED ** 
c 
C . **' SORT MAP SYMBOLS TO DEFINE A TABULAR NUMBER FOR THE AGE CLASS 

IROW = 0 
100 IF( AGEMAP(I, J) .EQ.AGE 1) GO TO 101 

GO TO 102 
101 IROW = 1 

GO TO 130 
102 IF(AGEMAP(I,J) .EQ.AGE2) GO TO 103 

GO TO 104 
103 IROW = 2 

GO TO 130 
104 IF(AGEMAP(I,J) .EQ.AGE3) GO TO 105 

GO TO 106 
105 IROW = 3 

GO TO 130 
106 IF(AGEMAP(I,J) .EQ.AGE4) GO TO 107 



GO TO 108 
107 IROW = 4 

GO TO 130 
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'108 IF(AGEMAP(I,J).EQ.AGE5) GO TO 109 
GO TO 110 

109 mow = s 
GO TO no 

110 IF ( AGEMAP (I, J) • EQ. AGE 6) GO TO 111 
GO TO 112 

111 mow = 6 
GO TO 130 

112 IF(AGEMAP(I,J).EQ.AGE7) GO TO 1·13 
GO TO 114 

113 IROW = 7 
GO TO 130 

11 4 IF ( AGEMAP (I, J) • EQ. AGE 8) GO TO 115 
GO TO 116 

115 IROW = 8 
GO TO 130 

11 6 IF ( AGEMAP (I, J) • EQ. AGE 9) GO TO 117 
GO TO 118 

117 IROW = 9 
GO TO 130 

118 IF(AGEMAP(I,J).EQ.AGE10) GO TO 119 
GO TO 120 

119 mow = 1 o 
GO TO 130 

120 IF(AGEMAP(I,J).EQ.AGE11) GO TO 121 
GO TO 122 

121 mow = 11 
GO TO 130 

122 IF(AGEMAP(I,J).EQ.AGE12) GO TO 123 
GO TO 124 

123 IROW = 12 
GO TO 130 

124 IF(AGEMAP(I,J).EQ.AGE13) GO TO 125 
GO TO 126 

125 IROW = 13 
GO TO 130 

126 IF(AGEMAP(I,J) .EQ.AGE14) GO TO 127 
GO TO 128 

127 IROW = 14 
GO TO 130 

128 IF(AGEMAP(I,J).EQ.AGE15) GO TO 129 
C ** IF AGEMAP DOESN'T MATCH ANY SYMBOL GO TO ERROR SECTION ** 

GO TO 1011 
129 IROW = 15 
c 
C *** END OF CATEGORIZATION FOR AGE *** 
130 CONTINUE 
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SECTION FOR CONSTRUCTING S?P /AGE DIST. MATRIX *** STRUCTURE OF THE MATRIX IS AS FOLLOWS: * I = SPECIES NUMBER (THERE ARE 16 SPECIES) * VECTOR(I,1) = PERCEtri' OF ""'11":"'1'' \..CL!, OCCUPIED BY THE * 
ITH SPECIES * VECTOR(I,2) = PERCENT OF CELL OCCUPIED BY * 
OPEN AREA * VECTOR (I , 3) = PERCENT OF CELL OCCUPIED BY * 
TREES 0-2 IN. DEH * VECTOR(I,4) = PR EC ENT OF CELL OCCUPIED BY * 
TREES 2-5 IN. DBH * VECTOR(I,5) = PERCENT OF CELL OCCUPIED BY * 
TREES 5-8 IN. DBH * VECTOR(I,6) = PRE CENT OF CELL OCCUPIED BY * TREES GREATER THAN 8 IN. DBH * NOTES: * VECTOR(I,2) IS UPDATED ON EACH PASS IN THE PGM * 

BY SUMMING VECTOR (I, 1) AND SUBTRACTING THIS * 
VALUE FROM 1.0. TBIS DIFFERENCE IS THEN * 
APPORTIONED AMONG THE SPECIES SUITED TO THE * 
SITE, AS DETERMINED BY THE TRANS SUBROUTINE. * 

AN ARRAY OF VECTOR(I,2) THRU VECTOR(I,6) IS * 
PASSED TO THE UPDATE SUBROUTINE WHERE IT IS * 
MULTIPLIED BY THE APPROPRIATE MARKOV MATRIX. * 

VECTOR(I,1) IS UPDATED ON EACH PASS IN THE PGM * 
BY SETTING IT EQUAL TO THE SUM OF VECTOR * 
(I,3) THRU VECTOR(I,6) * 

C ** CLEAR VECTOR ARRAY ** 
DO 3 3 3 K = 1 , 1 6 
DO 333 L = 1, 6 
VECTOR(K,L) = 0.0 

333 CONTINUE 
c 
C ** CALCULATE NUMBER OF SPP IN CELL FROM THE SPPMAP(I,J) DATA** 

SUM = 0. 
DO 444 II = 1 , 3 
IF (IM(II).GT.O) SUM= SUM+ 1. 

444 CONTINUE 
c 
C ** SET UP APPROPRIATE ROWS IN THE VECTOR WITH AGE DATA ** 

DO 555 M = 1, 3 
IF (IM(M) .EQ.O) GO TO 555 
DO 556 N = 1 , 6 
VECTOR(IM(M) ,N) = AGETBL(IROW,N) 

556 CONTINUE 
C ** RESET FIRST ENTRY IN VECTCR ARRAY TO PERCENT SPP COMP. ** 

VECTOR(IM(M), 1) = C'l .0-VECTOR(IM(M) ,2))/SUM 
555 CONTH!UE 

----------- -



c 
c 
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C ** CONVERT % FREQUENCY OF VECTOH TG % OCCURRENCE 
DO 560 IDBH = 1. 16 
DO 560 JDBH = 3,6 
VECTOR(IDBH,JDBH) = VECTOR(IDBH, 1) I VECTOR(IDBH,JDBH) 

560 CONTINUE 
c 
C ** CALL PREDICTION PROGRAM ** 
C ** NOTE: PREDICTION PROGRAM WILL NOT BE CALLED FOR CELLS ** 
C ** OUTSIDE THE MAPPED AREA OF INTEREST ** 
c 

c 

IF(SPPMAP(I,J).EQ.BLANK.OR.SPPMAP(I,J).EQ.ZERO) GO TO 1000 
!SLOP = SLOPE(I~J) 
IASPC = ASPECT(I, J) 
XELEV = ELEV(I,J) 
ISTR = ISTRM(I,J) 
CALL PRED(HORIZN,MARKOV,VECTOR,NAME,IFACTR,ISLOP,IASPC,ISTR,XELEV, 

&ICAST ,MASTDV, IO PENG, IROOST) 

C ** FORM 120 BY 120 ARRAYS OF MAST DIVERSITY, OPENINGS, AND ** 
C ** ~ROOST DATA FROM PREDICTON PROGRAM ** 

MASTMT(I,J) = MASTDV 
OPENMT(I,J) = IOPENG 
ROOSMT(I,J) = !ROOST 

c 
1000 CONTINUE 
c 
C ** CARD GENERATION SECTION ** 

WRITE(7,701) HORIZN 
701 FORMAT(1X, 'MAST DIVERSITY CARDS AT ',I3, 1 TIMES 5 YEARS NO CUT 1 ) 

CALL CARDS (MASTMT) 
c 

WRITE(7,702) HORIZN 
702 FORMAT(1X, 1 0PENINGS CARDS. AT ',I3,' TIMES 5 YEARS NO CUTTING') 

CALL CARDS (OPENMT) 
c 

WRITE(7,703) HORIZN 
703 FORMAT(1X,'ROOST SITE CARDS AT', I3,' TIMES 5 YEARS NO CUT ') 

CALL CARDS (ROOSMT) 
c 

GO TO 9999 
c 
C ** ERROR SECTION ** 
1010 WRITE(6,99) I,J,SPPMAP(I,J) 
99 FORMAT (1X,'ERROR: CELL ',I3,1X,I3,' HAS A VALUE OF ( 1 ,A1, 1 ) AND C 

&CANNOT BE ASSIGNED A SPECIES COMPONENT') 
GO TO 9999 

1011 WRITE(6,98) I,J,SPPMAP(I,J) 
98 FORMAT ( 1X, 1 ERROR: CELL 1 , I3, 'IX, I3,' HAS A VALUE OF (',A 1,') AND C 
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&ANNOT BE ASSIGNED AN AGE COMPONENT') 
GO TO 9999 

1012 WRITE(6,97) 
97 FORMAT(1X, 'MAIN PROGRAM flJlLTED D0E TO INPUT ERROR WHILE READING SP 

&ECIES DATA MAP') 
1013 WRITE(6,96) 
96 FORMAT ( 1 X, 'MAIN PROGRAM HALTED DUE 'I'O INPUT ERROR WHILE READING AG 

&E DATA MAP I) 
GO TO 9999 

1014 WRITE(6,95) 
95 FORMAT(1X, 'MAIN PROGRAM HALTED DUE TO INPUT ERROR WHILE READING ST 

&REAM DATA') 
GO TO 9999 

1015 WRITE(6,94) 
94 FORMAT(1X, 'MAIN PROGRAM HALTED DUE TO ERROR IN SUBROUTINE SLOPE') 
c 
9999 STOP 

END 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

111 
c 

101 
01 

99 
011 
100 

SUBROUTINE READIN (XLEFT,XRIGHT,IFLAG) 
*********************************************** 
*** THIS SUBROUTINE READS IN AND CHECKS *** 
*** SYMBOL OR NUMERIC MAPS *** 
***INPUT - 1) MAP NAME, COLS. 1-20 *** 
*** 2) (MAP DATA) *** 
*********************************************** 
*** NOTE: LESS THAN 240 MAP CARDS CAN BE *** 
*** READ USING THE SHORTCUT PROCEDURE *** 
*********************************************** 

INTEGER*2 XLEFT(120,60), XRIGHT(120,60) 
INTEGER MAPNAM(5) 
INTEGER RNUMBR, R2 
INTEGER CHEKL, CHEKR 
** READ THE MAP NAME ** 

READ(4, 111) MAPNAM 
FORMAT(5A4) 

*****LEFT SIDE READ LOOP***** 
L:1 
CHEKI..:1 
READ(4,01) LNUMBR,L2,(XLEFT(L,K),K=1,60) 
FORMAT(2X,I3,I3,60A1) 
IF(CHEKL.NE.LNUMBR) GO TO 991 
IF(L2.EQ.O) GO TO 100 
N:L2-LNUMBR 
DO 99 J =1, N 
L=L+1 
CHEKL:CHEKL+ 1 
BACKSPACE 4 
READ(4,011) (XLEFT(L,K) ,K=1,60) 
FORMAT CSX, 60A 1) 
L=L+1 



CHEKL :CHEKL+ 1 
IF(L.GT .120) GO TO 102 
GO TO 101 
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C *****RIGHT SIDE READ LOOP***** 
102 L:: 1 

CHEKR=1 
103 READ(4,02)(XRIGHT(L,K),K=1,60), RNU~BR, R2 
02 FORMAT(1X,60A1,1X,I3,I3) 

IF (CHE KR. NE. RNUMBR) GO TO 992 
IF(R2.EQ.O) GO TO 200 
N:R2-RNUMBR 
DO 199 J:1,N 
L=L+1 
CHEKR=CHEKR+1 
BACKSPACE 4 

199 READ(4,022)(XRIGHT(L,K),K=1,60) 
022 FORMAT(1X,60A1) 
200 L=L+1 

CHEKR:CHEKR+ 1 
IF(L.GT. 120) GO TO 201 
GO TO 103 

201 CONTINUE 
GO TO 999 

991 WRITE (6,901) CHEKL, MAPNAM 
IFLAG=10 
GO TO 999 

992 WRITE (6,902) CHEKR, MAPNAM 
IFLAG=10 

901 FORMAT(1H ,'ERROR: SUBROUTINE READIN ABORTED. CARD ',I3,' ON LEFT 
&OUT OF ORDER ON MAP NAME 1 ,5A4) 

902 FORMAT(1H , 'ERROR: SUBROUTINE READIN ABORTED, CARD ',13,' ON RIGHT 
& OUT OF ORDER ON MAP NAME ', 5A4) 

999 CONTINUE 
RETURN 
END 
SUBROUTINE SLOPA(M,N,X,CELLHT,CELWTH,ISLOPE,IASPCT,CRFX,IFLAG,DEV) 

c * • * * * * • * * * • • • * * • * * * * • • * * • * • • * • • • • 
C **INPUT VARIABLE LIST (FROM CALLING PROGRAM): ** 
C ** M = ROW NUMBER OF CELL ** 
C ** N = COLUMN NUMBER OF CELL ** 
C ** X = ARRAY OF ELEVATIONS ** 
C ** CELLHT = HEIGHT OF CELL (DIMENSION OF CODING GRID) ** 
C ** CELWTH = WIDTH OF CELL (DIMENSION OF CODING GRID) ** 
C ** CRFX = CORRECTION FACTOR FOR CONVERTING CELL DIM ENS IONS ** 
C ** INTO ON-THE-GROUND MEASUREMENTS IN THE SAME ** 
C ** SAME UNITS AS ELEVATION (METERS OR FEET) ** 
C ** OUTPUT VARIABLES: ** 
C ** ASPECT = WEIGHTED AVERAGE OF GREATEST DOWNHILL DIRECTION ** 
C ** AND OPPOSITE ANGLE OF GREATEST UPHILL DIRECTION ** 
c ** (EXPRESSED IN DEGREES) ** 



,c 
c 
c 
c 

c 

** ** 
* * * 

SLOPE = AVERAGE OF GREATEST 2LEVATIONAL DIFFERENCE AND ** 
ELEVATION OF TArtGET CELL (EXPRESSED IN DEGREES) ** 

* • * • * * * * * • * * I ~ * I * * * * * • * * * * * * * * 
INTEGER Y.LIM,YLIM 
INTEGER*2 ISLOPE, IASPCT 
DIMENSION THETA (9), ELEV (9), X (120, 120) 
REAL MAXUP,MINDN 

C ** INITIALIZATION OF MAP SIZE LIMITS ** 
XLIM = 120 
YLIM = 120 

c 
C CHECK M AND N FOR IMPROPER VALUES 

c 
IF ( M. LE • 0. OR . M . GT. Y'i... IM) GO TO 11 0 
IF (N.LE.O.OR.N.GT.XLIM) GO TO 112 

C CALCULATE ANGLES TO EACH OF THE ADJACENT 8 CELLS 
C NOTE: THETA(5) IS A DUMMY 
C THETA'S ARE NUMBERED CONSECUTIVELY, LEFT TO RIGHT BEGINNING AT 
C TOP LEFT ... 
c 

c 

ANGLE = (ATAN(CELLHT/CELWTH))*57.295773 
THETA(2) = 360. 
THETA( 4) = 270. 
THETA(6) = 90. 
THETA(8) = 180. 
THETA( l) = THETA( 4 )+ANGLE 
THETA(3) = THETA(6)-ANGLE 
THETA(5) = O. 
THETA(7) = THETA(4)-ANGLE 
THETA(9) = THETA(6)+ANGLE 

C READ ELEVATIONS LEFT TO RIGHT BEGINNING WITH NW CORNER 
c 
C TOP ROW SCAN 

IM = M-1 
IN = N-1 
DO 10 I= 1 I 3 

C CHECK FOR OVERRUN _ 
IF (IM.LE.O.OR.IN.LE.O.OR.IN.GT.XLIM) GO TO 08 
ELEV(I) = X(IM, IN) 
GO TQ 09 

08 ELEV(I) = X(M,N) 
09 IN = IN+1 
10 CONTINUE 
c 
C MIDDLE ROW SCAN 

IM = M 
IN = N-1 



18 
19 
20 
c 
c 

c 

28 
29 
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DO 20 I:4,6 
CHECK FOR OVERRUN 

IF (IN. LE. 0. OR. IN. GT. XL IM) :JO TO ! 8 
ELEV(I) = X(IM,IN) 
GO TO 19 
ELEV(I) = X(M,N) 
IN = IN+1 
CONTINUE 

BOTTOM ROW SCAN 
IM = M+ 1 
IN = N-1 
DO 30 I=7, 9 

CHECK FOR OVERRUN 
IF (IN.LE.O.OR.IN.GT.XLIM.OR.IM.GT.YLIM) GO TO 28 
ELEV(l) = X(IM,IN) 
GO TO 29 
ELEV(I) = X(M,N) 
IN = IN+1 

30 CONTINUE 
c 
C DETERMINE MAXIMUM ELEVATION AND LOCATION (!HIGH) 
c 

HTMAX = ELEV(5) 
IHIGH = 5 
DO 40 I:1, 9 
IF (ELEV(I) .GT .HTMAX) GO TO 41 
GO TO 40 

41 HTMAX = ELEV(I) 
IHIGH = I 

40 CONTINUE 
c 
C DETERMINE MINIMUM ELEVATION AND LOCATION (ILOW) 
c 

HTMIN = ELEV(5) 
ILOW = 5 
DO 50 1=1, 9 
IF (ELEV(I).LT.HTMIN) GO TO 51 
GO TO 50 

51 HTMIN = ELEV(I) 
ILOW = I 

50 CONTINUE 
c 
C ***** SLOPE COMPUTATION SECTION ***** 
c 
C COMPUTE SLOPE, WHERE SLOPE IS THE AVERAGE OF THE DIFFE.RENCES 
C BETWEEN THE CENTRAL ELEVATION AND THE 2 EXTREME ELEVATIONS 
c 

IF ( IHIGH. EQ. 1. OR. IHIGH. EQ. 3. OR. IHIGH. EQ. 7. OR. IHIGH. EQ. 9) DISTUP= 
&(SQRT ( CELLHT**2+CELWTH**2)) *CRFX 



IF ( IHIGH. EQ. 2. OR. IHIG!L EQ. 8) DIST!JP:CELLHT*CRFX 
IF (IHIGH.EQ.4.0R.IHIGH.EQ.6) DISTU.P:-:CELWTH*CRFX 
IF ( ILOW. EQ. 1. OR. ILOW. EQ.3. OR. IHIG:;. EQ.7. OR. ILOW. EQ. 9) DISTDN = 

&(SQRT ( CELLHT**2+CELWTH**2)) *CRFX 
IF (ILOW.EQ.2.0R.ILOW.EQ.8) bISTDN::CELLHT*CRFX 
IF (ILOW.EQ.4.0R.ILOW,EQ.6) DIS'.I'DN::CELWTH*CRFX 

c 
C CREATE A DUMMY VALUE FOR KNOB AND/OR BOWL SITUATION 
c 

c 
IF (IHIGH.EQ.5) DISTUP:1. 
IF (ILOW.EQ.5.) DISTDN=1. 

C CALCULATE UPHILL AND DOWNHILL SLOPE ANGLES 
c 

UPSLOP = ATAN((ELEV(IHIGH)-ELEV(5))/DISTUP)*57.295773 
DNSLOP = ATAN((ELEV(SJ~ELEV(ILOW))/DISTDN)*57.295773 

c 
C **** ACCOMMODATE BOWL OR KNOB SITUATION **** 

IF (IHIGH.EQ.5) GO TO 68 
IF (ILOW.EQ.5) GO TO 69 

C DETERMINE SLOPE ANGLE 
SLOPE = (UPSLOP+DNSLOP)/2. 

c 
GO TO 70 

68 SLOPE = DNSLOP 
GO TO 70 

69 SLOPE = UPSLOP 
70 CONTINUE 
C ACCOMMODATE FOR A HORIZONTAL PLANE 

IF (IHIGH.EQ.S.AND.ILOW.EQ.5) SLOPE=O. 
c 
C ** CREATE AN INTEGER*2 VARIABLE FOR PASSING SLOPE BACK TO MAIN ** 

ISLOPE = SLOPE + 0.5 
c 
C ***** ASPECT COMPUTATION SECTION ***** 
c 
C SET MAXIMUM UP-SLOPE AZIMUTH 

MAXUP = THETA(IHIGH) 
c 
C SET MINIMUM DOWN-SLOPE AZIMUTH 

MINDN = THETA( ILOW) 
c 
C ACCOMMODATE FOR KNOB SHAPE (I.E. ELEV5 IS HIGHEST) 

IF (IHIGH.EQ.5) GO TO 58 
c 
C SET AN AZIMUTH 180 DEGREES FROM MAXIMUM UP-SLOPE 

UPOPP = MAXUP + 180. 
c 
G ACCOMMODATE FOR BOWL SHAPE (I.E. ELEV5 IS LOWEST) 

IF (ILOW.EQ.5) GO TO 59 
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c 
C ACCOMMODATE FOR A PLANE 

IF (MINDN-UPOPP.GT.-.GOOOQi,AND.!1INDN-;JpQpp,LT •• 00001) GO TO 58 
c 
C CREATE WEIGHTING FACTORS B!\.SED o;~ SLOPE RATIOS 
c 

c 

SUMSLP = UPSLOP + DNSLOP 
UPRTIO = UPSLOP/SUMSLP 
DNRTIO = DNSLOP/SUMSLP 

C CALCULATE ASPECT BASED ON ELEVATIONAL (SLOPE) WEIGHTS 
c 

CALL VECADD (NINDN,DNRTIO,UPOPP,UPRTIO,ASPECT,XMAG) 
c 

GO TO 60 
58 ASPECT = MINDN 

GO TO 60 
59 isPECT = UPOPP 
60 CONTINUE 
c 
C ACCOMMODATE FOR A HORIZONTAL PLANE 
61 IF (IHIGH.EQ.5.AND.ILOW.EQ.5) ASPECT = O. 
c 
C ** CORRECT FOR TILTED BASE MAP ** 

ASPECT = ASPECT - DEV 
c 
C ACCOMMODATE FOR NEGATIVE ANGLES 

IF (ASPECT.LT .O.) ASPECT = ASPECT + 360. 
c 
C ACCOMMODATE FOR ANGLES GREATER THAN 360 DEGREES 

IF (ASPECT. GT. 360.) ASPECT = ASPECT - 3 60. 
c 
C ** CREATE AN INTEGER*2 VARIABLE FOR PASSING ASPECT BACK TO MAIN * 

IASPCT = ASPECT + 0.5 
c 
C ** ERROR SECTION ** 

GO TO 999 
11 0 WRITE ( 6, 111 ) M 
111 FORMAT (1X, 'SUBROUTINE SLOPE ABORTED ••• M HAS VALUE OF' ,I3) 

IFLAG = 999 
GO TO 999 

112 WRITE (6,113) N 
113 FORMAT (1X, 'SUBROUTINE SLOPE ABORTED ••• N HAS VALUE OF' ,I3) 

IFLAG = 999 
999 CONTINUE 

RETURN 
END 
SUBROUTINE VECADD(Q1,D1,Q2,D2,Q3,D3) 

C ** SUBROUTINE FOR PERFORMING VECTOR ADDITION ** 
CALL PRIANG(Q 1, P1, DX, DY) 



RP1=P1/57.295773 
Y1=DY*SIN(RP1)*D1 
X1:DX*COS(RP1)*D1 
CALL PRIANG(Q2,P2,DX,DY) 
RP2=P2/57.295773 
Y2=DY*SIN(RP2)*D2 
X2:DX*COS(RP2)*D2 
YDIFF:Y1+Y2 
XDIFF:X1+X2 
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IF(XDIFF. LT. 0. 00001. AND. :mIFF •. GT. - , 0000 i) XDIFF=. 00001 
IF (YDIFF. LT. 0. 00001 . AND. YDIFF. GT.-. 00001) YDIFF=. 00001 
D3:SQRT(XDIFF*XDIFF+YDIFF*YDIFF) 
R P3=ATAN (YD IFF /XD IFF) 
Q3=RP3*57.295773 
WRITE(6, 60) X1, Y1, X2, Y2, Q3, XDIFF, YDIFF 
IF(XDIFF.GT.0.) Q3=90.-Q3 
IF(XDIFF.LT.O.) Q3=270.-Q3 

C IF (ABS(Q1-Q2).EQ.180.) Q3:Q1+90. 
IF(Q3.GT.360.) Q3=Q3-360. 
IF(Q3.LT.O.) Q3=360.-Q3 

60 FORMAT(5F20.5) 
RETURN 
END 
SUBROUTINE PRIANG(Q,P,DX,DY) 

C ** SUBROUTINE FOR CALCULATING PRIMARY ANGLE ** 
THETA:Q 
J=(THETA-.0001)/90. 
IFCTHETA.LE.90.) ANG:90.-THETA 
IF(THETA.GT.90.) ANG:THETA-90. 
IFCTHETA.GT.180.) ANG=270.-THETA 
IF(THETA.GT.270.) ANG:THETA-270. 
P:ANG 
DY:1. 
DX=1. 
IF(J.EQ.1.0R.J.EQ.2) DY=-DY 
IF(J.EQ.2.0R.J.EQ.3) DX=-DX 
RETURN 
END 
SUBROUTINE PRED(HORIZN ,MARKOV, VECTOR, NAME, IF ACTR, SLOPE, ASPECT, ISTR 

&M, ELEV, ICAST ,MASTDV, IOPENG, IROOST) 
c * * • * * * • * • * • • • * * • • * • * * * * • * * • * 
C * SUBROUTINE NAME: PRED * 
C * THIS SUBROUTINE UPDATES A VEGETATION MATRIX USING * 
C * A SERIES OF MARKOV MATRICES TO PREDICT THE STATUS * 
C * OF PORTIONS OF A CELL. CELL PORTIONS REACHING A * 
C * A MORTALITY COMPONENT ARE REASSIGNED WITH EQUAL * 
C * PROBABILITY AMONG THOSE SPECIES DETERMINED TO BE * 
C * SUITED TO THE PARTICULAR EDAPHIC CONDITIONS WITHIN * 
C * THAT CELL. * 
C * * I * * * * * I • * • I * • I * I * • • I * * 1 * I * 
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c 
DIM ENS ION TRANST ( 16) ~ VECTOR ( 16. 6) 

c 
c 

REAL MARKOV(16,5,5) .. 
INTEGER HORIZN, NAME C1fr,15) . 
INTEGER*2 SLOPE ,ASPECT, ISTRM, MASTDV, IO PENG, IROOST 
INTEGER*2 IFACTR(24,l6) 

ICNTX = 999 

GO TO 15 
C *** TEST OUTPUT OF INITIAL CONDITIONS *** 
666 WRITE(6,01) HORIZN 
01 FORMAT(1X, 'HORIZON = I ,I4) 

WRITE(6, 02) SLOPE 
02 FORMAT(1X,'SLOPE =',I4,' DEGREES') 

WRITE ( 6, 03) ASPECT 
03 FORMAT(1X, 'ASPECT =' ,14,' DEGREES') 

WRITE(6,04) ELEV 
04 FORMAT( 1 X, 'ELEVATION = 1 ,F6. 0,' FEET') 

WRITE(6,05) ISTRM 
05 FORMAT(1X,.'STREAM CATEGORY (1 :PRESENT) =' ,I2) 

WRITE(6,06) ICAST 
06 FORMAT(lX,'CATASTROPHE.CATEGORY =' ,I2,' (1=YES;2:NO') 

WRITE(6,07) 
07 FORMAT( 1X,' INITIAL CONDITIONS MATRIX') 

DO 10 IJ:1,16 
.WRITE(6,08) (VECTOR(IJ,IK),IK=1,6) 

08 FORMAT(1X,6F12.5) 
10 CONTINUE 
15 CONTINUE 
c 
C ** ( INTERATE HERE TO 101 ONCE FOR EACH UNIT IN PLANNING HORIZON)**· 
c 

ITIME=O 
DO 101 IHOR:1,HORIZN 

c 
C CALCULATE AMOUNT OF OPEN AREA IN THE CELL 
c 

SUMV1 = 0.0 
DO 25 I:l, 16 
SUMV1 = SUMV1 + VECTOR (I, l) 

25 CONTINUE 
OPENS . = l. 0 - SUMV1 

c 
C SECTION FOR CREATING A VARIABLE CONTAINING OPENS+DBH1 

SUMV2 = 0. 
SlJMV2A = 0. 
DO 26 I=1, 16 
SUMV2 = SUMV2 + (VECTOR(I,3)/2.) 
SUMV2A :: SUMV2A + VECTOR(I,3) 



26 CONTINUE 
OPENX = OPENS + SUMV2 
OPENY = OPENS + SUMV2A 

C WRITE (6,27) OPENX 
C27 FORMAT (1X~'OPENX =',F10.6) 
C WRITE (6,28) OPENS,OPENY . 
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C28 FORMAT (1X, 'PERCENT OPEN AREA =' ,F~G.6,' OPENS+DBHA =·' ,F10.6) 
c 
C CALCULATE TRANSITION PROBABILITISS FGH GOING FROM OPEN TO SPECIES 
c 

CALL TRANS (TRANST,SLOPE~ISTRM,ICAST,ELEV,DPENX,ASPECT,IFACTR} 

c 
C APPORTION OPENS TO VARIOUS SPECIES GROUPS 
c 

DO 30 I= 1 , 16 
VEGTOR(I,2) = OPENS*TRANST(I) 

30 CONTINUE 
c 
G UPDATE THE VEGETATION DATA MATRIX (LE., VECTOR) 
c 

CALL UPDATE(VECTOR, MARKOV) 
c 
C GALL CUT (VECTOR,ICNTX) 
c 
C UPDATE SPECIES COMPOSITION COLUMN 
c 

DO 40 IZ=1, 16 
VECTOR(IZ,1) = VECTOR(IZ,3)+VECTOR(IZ,4)+VECTOR(IZ,5)+VECTOR(IZ,6) 

40 CONTINUE 
c 
C RESET CATASTROPHE CATEGORIZATION AFTER 2 PASSES (10 YEARS) 

c 

ITIME = ITIME + 5 
IF (ICNTX.LE.2) ICAST = 1 
ICNTX = ICNTX + 1 

C SKIP OUTPUT 
c 
C TEST SECTION FOR OUTPUTTING UPDATED VEGETATION DATA 
C WRITE(6, 100) ITIME 
C 100 FORMAT(' 1 ','DATA FOR TIME ZERO PLUS ', I3, 1 YEARS') 
C DO 88 I VEC = 1 , 16 
C WRITE(6, 103) (NAME(IVEC, INAM) ,INAM=1, 15) 
C103 FORMAT(1X,'SPP=' ,15A4) 
C WRITE(6,104)(VECTOR(IVEC,J),J:1,6) 
C104 FORMAT(1X,6F11.7) 
88 CONTINUE 
c 
101 CONTINUE 
C *** END MAIN LOOP *** 
c 
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C · ** SORT RESULTS PRIOR TO R.ETURNING VALUES TO MAIN PROGRAM ** 
c 
C ** DETERMINE NUMBER OF MAST PRODUCING SPECIES PRESENT IN CELL ** 

ISMAST : 0 
DO 200 IMAST: 1,6 
IF(VECTOR(IMAST,5)+VECTOR(IMAST,6).GE .. 02) ISMAST: ISMAST + 1 

200 CONTINUE 
c 
c ** STRATIFY NUMBER OF MAST PRODUCING SPECIES INTO CATEGORIES ** 

IF (ISMAST.LE.O) MASTDV = 0 
IF (ISMAST.EQ.1) MASTDV = 2 
IF CISMAST. EQ. 2) MASTDV = 3 
IF (ISMAST.EQ.3) MASTDV ::: 5 
IF ( ISMAST. EQ. 4) MASTDV ::: '7 

I 

IF ( ISMAST. GE. 5) MASTDV ::: 9 
c 
C ** DETERMINE IF CELL CAN BE CONSIDERED TO BE AN OPENING ** 

IOPENG ::: 0 
IF (OPENY.GE .. 70) IOPENG::: 1 

c 
C ** DETERMINE IF CELL CONTAINS ROOST TREE SPP. GT 2 INCHES DBH ** 

c 

IROOST ::: 0 
SUMRST::: VECTOR(7,4)+VECTOR(7,5)+VECTOR(7,6)+VECTOR(8,4)+VECTOR(8, 
&5)+VECTOR(8,6)+VECTOR(9,4)+VECTOR(9~5)+VECTOR(9,6)+VECTOR(10,4)+ 

&VECTOR (10, 5 )+VECTOR ( 10, 6 )+VECTOR ( 16, 4 )+VECTOR ( 16, 5 )+VECTOR ( 16, 6) 
IF (SUMRST.GE •. 20) IROOST ::: 1 

99 RETURN 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

END 
SUBROUTINE MATMUL (A,B,R,N,M,L) 
* * * * • * • • * * • • * * • * • • * • • * * * * * • * * • • • • 
*** SUBROUTINE MATMUL (ALSO GMPRD IN SSP PACKAGE) *** 
*** PURPOSE: TO MULTIPLY 2 GENERAL MATRICES- A AND B, TO FORM *** 
*** A RESULTANT MATRIX. R *** 
*** USAGE: CALL MATMUL (A,B,R,N,M,L) *** 
*** PARAMETERS: *** 
*** A - NAME OF FIRST INPUT MATRIX (REAL) *** 
*** B - NAME OF SECOND INPUT MATRIX (REAL) *** 
*** R - NAME OF OUTPUT MATRIX (REAL) *** 
*** N - NUMBER OF ROWS IN MATRIX A (INTEGER) *** 
*** M - NUMBER OF COLUMNS IN A AND ROWS IN B (INTEGER) *** 
*** L - NUMBER OF COLUMNS IN B *** 
* * * * * * * * * * * * * * * * * * * * * • * * * * * * * • * • * DIMENSION li(1), B(1), R(1) 

IR ::: 0 
IK ::: -M 
DO 10K:::1,L 
IK = IK+M 
D010J:::1,N 
IR ::: IR+1 



JI = J-N 
IB :: IK 
R(IR) = 0 
DO 10 I=T ,M 
JI = JI+N 
IB = IB+1 

10 R(IR) = R(IR) + A(JI) • B(IB) 
RETURN 
END 

c 
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SUBROUTINE UPDATE (VECTOR, MARKOV) 

DO 20 I = 1, 16 
c 
C SET UP A DBH VECTOR 

c 

DO 15 J :: 1, 5 
DBHVEC(J) = DBH(I,J) 

C SET UP THE ACTUAL MARKOV MATRIX (I.E. MARKML) 
DO 15 K = 1, 5 
MARKML(J,K) :: MARKOV(I,J,K) 

15 CONTINUE 
c 
C PERFORM MATRIX MULTIPLICATION 

CALL MATMUL (DBHVEC,MARKML,R,1,5,5) 
c 
C UPDATE VECTOR 

DO 16 IR = 1I5 
C ****** SET ANY DBH4 VALUE LESS THAT .0002 TO ZERO ** 1 *** 

IF (VECTOR(I,6).LT .. 0002) VECTOR(I,6) = O. 
IV :: IR + 1 
VECTOR(I,IV) = R(IR) 

16 CONTINUE 
c 
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20 CONTINUE 
RETURN 
END 

c 
SUBROUTINE TRANS (TRANSM,SLOPE,IS1'RM,ICAST,ELEV,OPENS,ASPECT, 

&IFACTR) 
c * * • • * * * * • * • • • • * * • • * * * * • * • • * • * * * 
C * SUBROUTINE FOR DETERMINING TRANSITION PROBABILITIES FOR * 
C * OPEN LAND BEING COLONIZED BY THE ITH SPECIES * 
c • • * * • * * * • • * • • • ~ * * • * • • * * • * * • * * * * 

c 

DIMENSION TRANSM(16) 
INTEGER*2 SLOPE, ASPECT, ISTRM, IF ACTR (24, 16) 
INTEGER ILIST(16), ICAST 

C SLOPE CLASS SECTION 

c 

IF (SLOPE.LE.5.) ISLPCL :: 1 
IF (SLOPE.GT.5 •• AND.SLOPE.LE.10.) ISLPCL = 2 
IF (SLOPE. GT. 10 •• AND. SLOPE. LE. 20.) ISLPCL = 3 
IF (SLOPE.GT.20 •• AND.SLOPE.LE.45.) ISLPCL = 4 
IF (SLOPE .GT. 45 •• AND. SLOPE. LE. 65.) ISLPCL = 5 
IF (SLOPE.GT.65.) ISLPCL = 6 

C STREAM CLASS SECTION 

c 

IF (ISTRM.NE.O) ISTRCL :: 7 
IF (ISTRM.EQ.O) ISTRCL = 8 

C CATASTROPHE CLASS SECTION 
ICSTCL = ICAST+8 

c 
C ELEVATION CLASS SECTION 

c 

IF (ELEV.LE.1000.) IELVCL = 11 
IF (ELEV.GT.1000 •• AND.ELEV.LE.2000.) IELVCL = 12 
IF (ELEV.GT.2000 •• AND.ELEV.LE.3000.) IELVCL = 13 
IF (ELEV.GT.3000 •• AND.ELEV.LE.4000.) IELVCL = 14 
IF (ELEV.GT.4000 .. AND.ELEV.LE.5000.) IELVCL = 15 
IF (ELEV.GT.5000.) IELVCL = 16 

C PERCENT OPENINGS SECTION 

c 

IF (OPENS. LE •. 1) IOPNCL = 17 
IF (OPENS .GT •• 1.AND. OPENS.LE .. 3) IOPNCL = 18 
IF (OPENS. GT •• 3. AND. OPENS. LE •• 6) IOPNCL = T 9 
IF (OPENS. GT •• 6) IOPNCL = 20 

C ASPECT CLASS SECTION 

c 

IF (ASPECT.EQ.360) ASPECT = O. 
IF (ASPECT. LE. 90.) IASPCL = 21 
IF (ASPECT. GT. 90 •• AND. ASPECT. LE. 180.) IASPCL = 22 
IF (ASPECT.GT.180 .. AND.ASPECT.LT.270.) IASPCL = 23 
IF (ASPECT. GT. 270.) IASPCL = 24 
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C SUM FACTORS BY SPECIES 
c 

DO 10 J:1, 16 
ISUM = IFACTR(ISLPCL,j)+IFACTRCISTRCL,J)+IFACTR(ICSTCL,J)+ 

& IFACTR(IELVCL,J)+IFACTR(IOPNCL,J)+IFACTR(IASPCL,J) 
ILIST(J):O 
IF (ISUM.EQ.6) ILIST(J) = 

C WR IT E ( 6 , 11) J , IS UM 
C11 FORMAT(1X, 1 ISUM (',I1,') : 1 ,I2) 
10 CONTINUE 
c 
C CALCULATE EQUAL PROBAB:LITY DISTRIBUTION BASED ON NUMBER 
C OF SPECIES REMAINING IN THE LIST ARRAY 
c 
C SUM THE LIST ARRAY 

ISM = 0 
DO 20 K=1, 16 
ISM = ISM+ILIST(K) 

20 CONTINUE 
c 
C PREVENT DIVISION BY ZERO 

IF (ISM.EQ.O) GO TO 30 
PROB= 1./ISM 
GO TO 40 

30 PROB = 0. 
40 CONTINUE 
c 
C DISTRIBUTE PROBABILITIES AND CREATE TRANSITION PROBABILITY ARRAY 
c 
C CLEAR ARRAY 

DO 50 IP=1,l6 
TRANSM(IP) = PROB 
IF(ILIST(IP).EQ.0) TRANSM(IP) = O. 

50 CONTINUE 
c 
60 CONTINUE 
c 
C SKIP OUTPUT 
C WRITE (6, 102) 
C102 FORMAT(4X, 'ISLPCL ISTRCL ICSTCL IELVCL IOPNCL IASPCL') 
C WRITE (6, 103) ISLPCL,ISTRCL,ICSTCL,IELVCL,IOPNCL,IASPCL 
C103 FORMAT(1X,6I7) 
C WRITE (6, 104) (ILIST(I),I=1, 16) 
C104 FORMAT(1X,'ILIST ARRAY: ',16I3) 
C WRITE (6,105) (TRANSM(I),I:1,16) 
C105 FORMAT(1X, 'TRANSITION ?ROBS:' ,16F7.4) 
99 RETURN 

END 
SUBROUTINE CUT (VECTOR,ICNT) 

c • • • * * * • * * • • * • • * * • * • • * • * • • * * 
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C * SUBROUTINE NAME: CUT * 
C * THIS SUBROUTINE CHECKS TO DETERMINE IF A CELL * 
C * COULD BE HARVESTED. IF 60% OR MORE OF THE CELL * 
C * IS IN THE 8 INCH DBH CLASS, THE CONTENTS OF THE * 
C * CELL ARE SET TO OPEN AREA, AND THE CATASTROPHE * 
C * VALUE IS SET TO THE XES CONDITION. * 
C * INPUT REQUIRED: NONE * 
C **********************lFlflf.•lf* 

DIMENSION VECTOR(16,6) 
c 
C ** DETERMINE PERCENT OF CELL GREATER THAN 8 INCHES DBH ** 

SUMV6 = O. 
DO 10 I=1, 16 
SUMV6 = SUMV6 + VECTOR(I,6) 

10 CONTINUE 
c 
C ** IF 60% OF THE CELL IS .GT. 8 IN.DBH, CUT THE CELL ** 

IF (SUMV6.GE •• 60) GO TO 20 
GO TO 30 

20 DO 25 I:1,16 
VECTOR(I,2)=VECTOR(I,.2)+VECTOR(I,4)+VECTOR(I,5)+VECTOR(I,6) 
VECTOR (I,4) = O. 
VECTOR (I,5) = O. 
VEcr-oR (I,6) = 0., 

25 CONTINUE 
ICNT :;: 1 

30 CONTINUE 
RETURN 
END 
SUBROUTINE CARDS (X) 

c * • • * * * * * * * * * ~ * * • * • * * * * * * * * 
C * SUBROUTINE NAME: CARDS * 
C * THIS SUBROUTINE PRODUCES MAP4B-COMPATIBLE CARDS * 
C * NO INPUT REQUIRED, ALL INPUT FROM MAIN PROGRAM * 
c * * * * * * * * * * * * * * * * * if * * * * • * * * 

INTEGER*2 X(120,120) 
c 
C ** LEFT SIDE CARD OUTPUT LOOP ** 

DO 10 I = 1, 120 
WRITE(7,01) I, (X(I,J),J:1,60) 

01 FORMAT(2X,13,3X,60I1) 
lO CONTINUE 
c 
C ** RIGHT SIDE CARD OUTPUT LOOP ** 

DO 20 K = 1, 120 
WRITE(7,02) (X(K,L),L:61,120), K 

02 FORMAT(1X,60I1,1X,I3) 
20 CONTINUE 

RETURN 
END 



Appendix D. 

List of Co.mmon a11d Scientific Names of Trees 

COBMON NlUiE 

Chestnut oak 

Scarlet oak 

White oak 

Black oak 

Northern red oak 

Bear oak 

Pitch pine 

Virginia pine 

Table Mountain pine 

White pine 

Yellow poplar 

Bl.ack. locust 

Gray birch 

Sycamore 

Red maple 

Hemlock 

sc:r:SNTlJ?'IC NA.KE 

{2uercl!.2 ES!!~> 

(1k £2CC:in~) 

(2..:, alba) 

C!l.:. veJ...!lll!!S.) 

(2..:. a!h£~) 

m~. !!is;ifpJ.J.?L> 

(f~ !:Milli> 
(:f.:. !!;rginiana) 

ff.:. :eung™) 

Cf..:. .§tro!;!p.,e) 

ti:iriodendron .E!li.Eifera.) 

(}!2};!.in ia psU~Qfi! cacia) 

(I!~tula PQpulifqlJ:..sJ 

f!:lantanu.s .Q~ en tal.is) 

<&.£0!: W!'.Y!!) 

(!suga £.filladensi.a) 
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DYNAlUC CLASSIFICATION: CONCEPTUAL DEVELOPMENT AND 

APPLI:CATIONS 

IN WILDLIFE P!ANAGENEltT 

by 

James Freeman Williamson, Jr. 

(ABSTRACT} 

Information is a prerequisite for effective management 

of wildlife habitat. In response to the need for 

mancigement-oriented information regarding the suitability of: 

an area as wi..1.dlife habitat, a new methodology was developed 

and demonstrated. This met.hodo1ogy involved the conceptual 

development of a dynamic classification approach .. 

The proposed metllodology sought to avoid many of the 

problems inherent in conventional. classification due to the 

inflexibility of the latter t.echnique. Using dynam.ic 

cl.assification methodology, an entit;y is described with 

respect to 1 or m.ore attribute axes relevant to the 

objectives of the specific cl.assificat:ion effort. At·tribute 

axes may represent naturally occurring (i.e., physical and 

theoretica1lJ empirical} attributes or synthetic a:ttri.butes 

such as suitabi.li.ty for some purpose. 



To demonstrate conceptual. util.ity, an original 

computerized cellular mapping system was developed to 

display information graphical.1y. Maps of habitat 

suitability and other habitat,-related informa.tion were 

produced for a total. of 5 wildl.ife species on 3 study areas 

in Virginia. . Withi.n this demonstration., levels of habitat 

attributes subject to change over time were estimated from 

forest stand. data predicted with a modified Markov chain 

algorithm. Perfor11iance of the prediction program was 

determined from a 40 year hindcast procedure. Conceptual 

validity of a dynamic classification approach was examined 

using ep.istemological arguments. 

'.l'he computer mapping package was found to be an 

effecti.ve vehicle for displaying information deri~.red from 

dynamic classi.f ication. The vegetation prediction systein 

appeared to he a feasible technique for predicting cert.a.in 

wildl.ife habitat attributes which are dynamic over time. It 

was concluded that dynamic classification was conceptua.lly 

valid and is an effective methodology for producing 

information specific to the objectives of a given 

classification effort.. Al.though conclusions: were based on 

an application of dynamic classification in a wildlife 

m.anagement context, it was specu1ated that the overall 

concept of dynamic cl.ass:ification 1nay have additional 

utility in other fiel.c.s withi.n the natura.l sciences. 
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