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ABSTRACT 

Measurement of relative near-view scenic beauty and prediction of 

changes in scenic beauty with timber stand management, grazing, and 

dm'med wood management are necessary to integrate scenic beauty into the 

multiple use decision-making framework. Although traditional landscape 

qual ity assessment procedures are of 1 imited use in measuring or 

predicting the relative scenic beauty of near-view forest scenes, 

extens i on of psychophys i ca 1 methods to measurement of forest sceni c 

beauty offers an approach to effectively incorporate scenic beauty into 

forest management. 

Biological and physical variables were inventoried at sites within 

ponderosa pine timber stands in northern Arizona. Four color slides, 

also taken at those sites, were later rated for scenic beauty by groups 

of people, and the ratings were scaled to provide scenic beauty estimates 

per site. Highly significant multiple regression models, expressing 

scenic beauty as a function of the biophysical variables, accounted for 

up to 60, 50, and 80 percent of the variance in scenic beauty for 

pre-harvest sites, post-harvest sites, and pre-harvest timber stands, 

respectively. It seems possible at this point to specify a general 

ponderosa pine model, to be calibrated for specific damage-free areas 

within the Southwest. 

Herbage and 1 arge ponderosa pi ne contri bute to sceni c beauty, 

while numbers of small pine trees, mechanical ground disturbance, and 

xiii 



xiv 

downed wood, especially as slash, detract from scenic beauty. Areas of 

northerly aspect, lower overstory density, and less tree clumping were 

preferred. Moderate harvest tends to improve sceni c beauty once the 

stand has recovered from obvious harvest effects. The recovery period 

can be greatly reduced by slash cleanup. Grazing can seriously detract 

from scenic beauty. Up to a point, over the range of practical timber 

stocking levels, increasing stocking results in greater net present worth 

from timber, forage, and water yields minus management costs, and lower 

scenic beauty. Beyond that point both net present worth and scenic 

beauty decline. 



CHAPTER 1 

INTRODUCTION 

Concern about 1 andscape quality, or the appearance of outdoor 

environments, has increased in recent years, perhaps because of rising 

1 iving standards and concern about environmental matteI's in general. 

Evidence of this concern is found, for example, in the employment of a 

landscape architect on each national forest in the United States by the 

1960's and in legislation requiring consideration of environmental 

amenities. The Multiple-Use Sustained-Yield Act of 1960 requires that 

national forests be managed with concern for amenity products such as 

wildlife and outdoor recreation as well as for traditional commodities 

such as timber and range. And the National Environmental Policy Act of 

1969 requires that federal agencies "identify and develop methods and 

procedures ... which ~/ill ensure that presently unquantified 

environmental amenities and values may be given appropriate considel'ation 

in decisionmaking along \'Iith economic and technical considerations" (42 

U.S.C. S 4332 et. seg.). This concern exists for the appearance of many 

types of outdoor environments, from urban parks to roadsides to 

~lilderness. This study is about the appearance, or "scenic beauty," of 

forests. 

Public land management agencies currently rely on systems for 

landscape quality assessment which allo'll for only very gross distinctions 

1 
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between areas, perhaps assigning all conditions of landscape quality to 

one of 3 or 4 categories. The Visual r~anagement System (USDA Forest 

Service 1974) which the Forest Service uses is typical of these landscape 

assessment systems. With such systems, large areas containing 

innumerable variation in landscape quality may be assigned to the same 

category. In addition, these systems do not provide detailed information 

about the effect on landscape quality of changes in attributes, such as 

tree size distribution and amount of downed wood of different sizes, 

\-/hich forest managers control in the course of timber management. 

Because these systems do not provide quantified 1 inkages between 

landscape quality and manageable forest attributes, they do not 

facilitate estimation of the tradeoffs bet\'/een maintaining scenic beauty, 

on the one hand, and competing goals such as maximizing revenue from 

timber production or minimizing the cost of post-harvest slash treatment. 

In summary, available landscape quality systems do not provide adequate 

information for the integration of scenic beauty into the multiple use 

decision making framework. 

Forest managers need to better understand the interactions between 

scenic beauty and other forest attributes. In addition, they need tools 

which allo\-I prediction of the change in scenic beauty to be expected with 

contemplated forest management alternatives. Finally, they need to 

better understand the value which our society places on changes in scenic 

beauty in given situations. 

Forest scenic beauty (hereafter just II scen ic beautyll) might be 

considered a characteristic of the product IIrecreation opportunities. 1I 
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Recreation is taken here to refer to anyon-site non-profit activity 

which tends to relax, amuse, OI~ otherwise divert the participant. 

Recreational activities include hiking, camping, hunting, fishing, 

collecting (wood, rocks, etc.)' sitting and relaxing, driving for 

pleasure, and other activities, purposively done with "getting away from 

it all" or relaxation or exercise or some such goal in mind. Recreation 

as used here also includes the act of observing the roadside, while in 

the process of dri vi ng (or wa 1 king) through the fores t for some 

non-recreation-oriented purpose, if observation of the surroundings 

tended to rel ax, amuse, or other\'1i se divert the passerby. 

It is beyond question that recreation is valuable to many people. 

If it is also true that the appearance of the environment in which a 

recreation activity takes place affects the quality and value of the 

recreation experience, then one can logically conclude that changes in 

the appearance of a forested area used for recreation affect the vallie of 

the recreation in that area. 

In addition to being a characteristic of recreation opportunities, 

scenic beauty can also be considered a product itself. On the one hand, 

peop 1 e may ass i gn va 1 ue to scen; c beauty outs; de of the context of 

on-site recreation activities. The mere knowledge of the existence of a 

certain level of scenic beauty may be of vallie, whether for future use 

(see Bishop 1982 on option value) or not (see Krutilla 1967 on existence 

value). On the other hand, recent legislation, such as that cited above, 

requires consideration of aesthetics as a separate concern from 



recreation, suggesting that aesthetics is considered an end in itself, 

whether or not recreation is involved. 
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The relative validity of these two v/ays of considering scenic 

beauty is of little importance to this study. ~/e merely assume that 

sceni c beauty matters, whether as a characteri sti c of recreati on 

opportunities or"as a separate product of the forest. Scenic beauty, and 

not recreation, is the starting point of this study, and the link between 

scenic beauty and recreation quality and value is not explored. This 

focus should~ of course, not suggest that the link does not exist or is 

of no importance. To the contrary, it is likely that the degree to which 

scenic beauty matters in any given location depends in large part on the 

degree to which recreationists are affected. 

The value of sceni c beauty can perhaps be estimated in two 

different ways, by inference via the value of the site and by direct 

questioning. The value of scenic beauty might be inferred from the value 

of sites for recreation, perhaps by including the measured scenic beauty 

of sites as an independent variable in a regional travel cost model. 

Directly valuing scenic beauty might be accomplished using a survey 

approach, such as a bidding game asking the willingness to pay to improve 

the scenic beauty of an area by some specified increments, or willingness 

to accept payment in compensation for specified decrements in scenic 

qual ity. However, use of the survey approach raises the question, "What 

are we valuing?" It is difficult to know, for any given respondent, what 

IIscenic beautyll encompasses. He can hypothesize that the value of a site 

for recreation depends on its location, facilities, scenic beauty, etc. 
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However, how much of the recreation value do we capture by directly 

requesting the value of scenic beauty? This probably depends on the type 

of site and interests of the respondent. If a vista is shown, scenic 

beauty to someone interested in sightseeing may be quite synonymous \,Iith 

recreation. However, when an area likely to be used for hunting is shown 

to an avid hunter, responses to a scenic beauty quest-ion may reflect both 

aesthetic aspects of the site and aspects relative to the intended 

activity of the respondent. 

We make no attempt herein to value scenic beauty. Rather, the 

principal purposes of this study are to better understand the 

relationship between scenic beauty and biophysical characteristics of the 

scene and to use that relationship, plus monetary value information, to 

estimate the cost of providing scenic beauty. In determining the 

relationship between scenic beauty and biophysical site characteristics, 

judgements of scenic beauty per se were obtained, with no mention of 

recreation or other forest uses. These judgements were related 

statistically to on-site biological and physical variables represented in 

the judged scenes. Monetary estimates of costs of management and values 

of forest outputs were then util izecl to estimate the opportunity cost of 

scenic beauty. 

If concerns about appearance are ever to be fully and analytically 

integrated into the forest management planning process, the value of 

changes in scenic beauty will need to be estimated, and such estimation 

\'Ii 11 probably requi re defi ni ng the 1 ink bet\'Ieen sceni c beauty and 

recreational use of forests. However, before this link can be adequately 
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described, we must better understand what scenic beauty is and how it is 

affected by forest management actions. This paper hopefully improves 

that understanding. 

l~e will be concerned only \,/ith near-vie ... , scenic beauty" The 

near-view is distinguished from the longer mid-range view or the even 

longer vista view by the distance of objects (not sky) which the observer 

can see. Near-view distance ranges from only a few feet in a very dense 

forest, to approximately 300 feet. One cannot see farther, except for 

sky or clouds, in a near-view scene because of the vegetation. Typical 

near-vie"'l situations are walking through a forest or driving along a road 

through a forest. If one can see distant slopes or peaks over the tree 

tops, the scene is no longer near-vi ew, although the foreground is 

probably within the near-view range. Rather it takes on the 

characteristics of a mid-range or vista view. 

The majority of this paper consists of an indepth report on 

near-view scenic beauty modeling. Following a review of pertinent 

literature, the approachs used to build statistical models and examine 

tradeoffs between scenic beauty and other resources are detailed. Then 

the study area, inventory procedures, and data are descri bed. Next, 

bivariate relationships between scenic beauty and biophysical variables 

are described. Following the bivariate presentation, a series of 

multivariate models, relying on different sets of independent variables, 

are presented, and the importance for sceni c beauty of timber stand 

structure is explored. Six of the most important models are then 

reviewed in detail and compared, and tests of the six models on other 
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data sets and use of the models to delineate tradeoffs between scenic 

beauty and other forest resources are reported. Finally, a comprehensive 

summary and conclusions section captures the highlights of the study. 

The reader wishing a short version of the report is directed to the 

Summary and Conclusion section and the Interpretation and Implications 

section which precedes it. 



CHAPTER 2 

OBJECTIVES 

We know from Arthur (1977) that regression models expressing 

near-view scenic beauty in forest environments as a function of features 

estimated directly on photographs can account for most of the variance in 

near-view scenic beauty. From Schroeder and Daniel (1981) and Schroeder 

and Brown (1983) we lear'ned that similar models using independent 

variables measured in the field can also account for more than one-half 

of the variance in near-vie\O/ scenic beauty. While Arthur considered 

numerous independent variables, from physical features such as amount of 

vegetative cover to design features such as contour distinction, the 

field inventory-based models considered a narrow range of variables 

dealing with numbers of trees of different sizes, grass, forb, and shrub 

\O/ei ght, and downed wood volume. Because there is 1 itt 1 e theory to 

suggest \vhat variables among all those measurable \Olith field inventory 

are likely to affect perceived near-view scenic beauty, empirical work is 

needed to determine whether variables measurable in the field but not yet 

tested as predictors will improve the predictability of the models. 

Previous scenic beauty model ing has not addressed the impact of 

time since harVf~st on scenic beauty. Schroeder and Daniel (1981) 

included virgin areas plus harvested areas, but did not include time 

since harvest as a variable. Schroeder and Brown (1983) included only 

areas which had not been harvested for 30 years or more, and for which 

8 
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the effects of harvest were minimal. New work on inventory-based scenic 

quality models should address this issue. 

Previous near-view scenic beauty modeling used single forest plots 

or locations, which are herein called IIsites ll
, as the data case for 

regressions. Arthur (1977) represented the sites by single photographs, 

\'/hile Schroeder and Daniel (1981) and Schroeder and Brown (1983) used 

sites represented by four photographs and bi ophys i ca 1 data collected 

around a single point in the forest. Yet many forest management 

decisions are made on a timber stand basis. This raises the question, 

how well do models based on sites apply to timber stands? 

Finally, little effort has been made in previous work to explain 

the implications of the models for forest management. Because the models 

describe near-view scenic beauty in terms of manageable features, they 

provi de the opportunity for exami ni ng the effect on other resources of 

decisions to favor scenic beauty, and vice versa. And with the addition 

of monetary measures· of value, the costs of favoring scenic beauty can be 

at least partially expressed in monetary terms, thus providing an 

improved basis for the full partnership of scenic beauty within the 

multiple use decision making framework. 

The objectives of the research reported herein were to (1) develop 

models expressing near-vie\,1 scenic beauty in Southwestern ponderosa pine 

stands as a function of biophysical characteristics and (2) determine the 

cost of enhanci ng near-vi ew sceni c beauty in terms of foregone timber, 

forage for livestock, and water yields and in terms of management costs. 

The models developed under objective 1 should in general (a) contribute 
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to our understanding of the relationship bet\'/een perceived scenic beauty 

and biophysical characteristics, (b) provide guidance for future efforts 

at modeling scenic beauty, and (c) aid forest managers in decisionmaking. 

More specifically, they should examine the importance of field inventory 

variables heretofore not considered, investigate the importance of time 

since harvest on scenic beauty, and explore the relationship of 

site-based models to timber stand-based models. And finally, they should 

provide a basis for reaching objective 2. 



CHAPTER 3 

LITERATURE REVIEW 

In this chapter, approaches to landscape quality assessment are 

categorized, and then the psychophysical approach is reviewed in detail. 

Finally, studies which have attempted to determine preferences for forest 

stand characteri sti cs, and estimate the cost of scen; c qual i ty, are 

revi e\'Jed. 

Assessment of Landscape Quality 

Zube, Sell and Taylor (1982) distinguish between those approaches 

to the assessment of 1 andscape quality \I.'hi ch emphas i ze the meani ng of the 

landscape, primarily vie\"ing scenery as a mental construct, and those 

approaches \'Ihich emphasize the landscape proper. The latter approaches 

are motivated by pragmatic concerns about environmental management, 

planning, and design. The main objective of the latter approaches is 

generally the identification of aesthetic qualities or elements of the 

landscape which are useful for decision making. 

Daniel and Vining (1983) and Zube et al. (1982) each identify two 

categories of approaches which emphasize the meaning of the landscape. 

One of these approaches uses what Daniel and Vining call the 

psychological model and what Zube et al. call the cognitive paradigm. 

The emphasis of this approach is upon the cognitive and affective 

reactions to various landscapes. Information is received from human 

11 
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observers, \,/hich, in conjunction \I/ith their past experiences, future 

expectations and sociocultural conditioning, helps us to understand the 

meaning of the landscapes. Typical responses elicited using such 

approaches regard the feel ings, such as security, relaxation, warmth, 

cheerfulness, stress, fear, and insecurity, which the landscape elicits. 

The scenic beauty of the landscape is generally only one of several 

dimensions of human response to the views of the natural environment 

which are examined. A common objective of research using this approach 

is to better understand people's perception of scenic beauty by relating 

responses about scenic quality to responses about people's feelings of 

given landscapes. Daniel and Vining, and Zube et al., each list numerous 

studies using this approach. 

The other basic approach emphasizing the meaning of the landscape 

uses what Daniel and Vining (1983) term the phenomenological model and 

what Zube et al. (1982) call the experiential paradigm. /l.s described by 

Daniel and Vining, this approach generally uses detailed personal 

interviews and emphasizes individual feelings and interpretations with 

the goal of determining the meaning and significance of aspects of the 

environment. The individual cultural and emotional characteristics of 

the observers are important. Zube et al. stress that this approach 

cons i ders 1 andscape values to be based on the experi ence of the 

human-l andscape i nteracti on, \,/hereby both are shapi ng and bei ng shaped in 

the interactive process. The principal distinction between this approach 

and the psychological/cognitive approach is that this approach places 

much more importance upon the place of the individual \·,ithin the 



landscape. See Daniel and Vining or Zube et al. for reviews of this 

1 iterature. 
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Among those approaches which directly involve the characteristics 

of the landscape, numerous authors distinguish between approaches based 

upon expert judgement and those based on judgements by groups of 

non-experts. For example, Arthur, Daniel, and Boster (1977) distinguish 

between descri pt i ve methods and pub 1 i c preference methods. With the 

former, scenic elements (e.g., landforms, visual effects, or vegetative 

patterns) are identified and then separately described and/or rated, 

generally by a professional. The descriptions of the decomposed parts of 

the landscape are then combined into a summary descriptor for the 

landscape. With the public preference methods, non-professionals provide 

judgements of whole scenes, not of parts or aspects of the scenes. It is 

common when using these methods to then relate the judgements of the 

group of non-professionals for specific scenes to the physical features 

of the scenes to determi ne the contri buti on of the features to the 

explanation of the variance in perceived landscape quality. 

Daniel and Vining (1983) describe two groups of approaches which 

rely on expert judgement, the ecological model and the formal aesthetic 

mode 1, and one approach re 1yi ng on non-profess i ona 1 judgements, the 

psychophysical model. Zube et al. (1982) categorized these approaches as 

either using the expert paradigm or the psychophysical paradigm. As Zube 

et al. describe, lithe expert paradigm involves evaluation of landscape 

quality by skilled and trained observers [with skills] in art and design, 

ecology or in resource management fields where wise management techniques 
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may be assumed to have intrinsic aesthetic effects ll (p. 8). These 

approaches generally rely upon describing a landscape in terms of basic 

forms, lines, colors and textures, as well as concepts of variety, 

harmony, unity and contrast. The Vi sua 1 Management System used by the 

USDA Forest Service, based on a system developed by Litton (1968), 

typifies this approach to assessing landscape quality. 

Psychophysical approaches are extensions of classical 

psychophysical experiments, such as those of Fechner or Stevens, which 

attempted to establish precise quantitative relationships between human 

perception and physical features of stimul i. Early experiments used 

stimuli such as lights, sounds, or objects varied on a dimension such as 

brightness, loudness, or weight. Later psychophysical experiments have 

used more complex stimuli, such as forest scenes. 

The extens i on from judgements of phys"j ca 1 attri butes 1 i ke 

brightness to judgements of scenic beauty is controversial. Carlson 

(1977), for example, has argued with the attempt to measure scenic beauty 

based on pub 1 i c preferences. He notes that IIwhat "Ie 1 i ke is one thi ng 

and its aesthetic quality is quite another ll (p. 150), arguing that the 

aesthetic quality of landscapes can only be properly assessed by people 

trained to do so. Ribe (1982) takes issue "lith Carlson, arguing that 

attempts to measure sceni c beauty of 1 andscapes, and to relate the 

measure to features of the landscapes, are useful to help understand 

scenic beauty, and that lay people can provide useful judgements. He 

agrees with Carlson that aesthetic quality is perhaps more than just 

scenic beauty, but argues that knowing about scenic beauty is important. 
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Finally, Ribe draws an important distinction between IIquantifyingli scenic 

beauty on the one hand and obtaining a relative "measure" of scenic 

beauty on the other hand. Hhat all psychophysical approaches appear to 

do is obtain a measure of scenic beauty or scenic quality, usually on an 

ordinal or interval scale, based on an aggregation of responses by 

several people. 

Daniel and Vining (1983) argue that the formal aesthetic model, 

relying on professional judgement, may not be a valid model for 

interpreting scenic quality of public landscapes. They cite studies 

which have compared judgements of landscape architects with judgements of 

non-professionals. These studies show moderate to very low 

correspondence between the two groups. In addition, Feimer, Smardon, and 

Craik (1981) showed that individual landscape architects do not agree 

well in their assessments of the design features of landscapes. Daniel 

and Vining also question the sensitivity of methods such as the Visual 

Management System, -because such methods usually provide only a three or 

four part categorization of landscapes, grouping areas with large 

differences into one category, whereas psychophysical approaches can 

incorporate much finer distinctions between areas. 

Peterson's (1967) analysis of the perception of the visual 

appearance of res i dent i a 1 nei ghborhoods, although fall i n9 wi thi n the 

psychological/cognitive group of methods, is a seminal papel' in the use 

of quantitative methods later used in the psychophysical approaches to 

complex stimuli, Peterson showed 23 color slides to 141 people who rated 

each of the slides on 10 variables: preference, greenery, open space, 
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age, expensiveness, safety, privacy, beauty, closeness to nature, and 

qual ity of the photography. The preference responses \'/ere assumed to 

represent appearance and the other variables were assumed to represent 

qualities of the appearance. Following scaling of the ratings, he 

related the quality variables to the preference variable. His study 

falls within the psychological/cognitive group because measurements for 

all of the quality variables were based upon subjects' judgements, rather 

than physical measurements. However, there are 4 aspects of his method 

which are particularly interesting for the psychophysical group of 

approaches. First of all, Peterson chose his stimuli by quasi-randomly 

taking photographs within his chosen geographical area of research. 

Second, he scaled the rati ng responses based on Thurstone' s La\oJ of 

Categorical Judgement (Torgerson 1958). Third, he used factor analysis 

to collapse the nine quality variables to 4 factors. Finally, he used 

multiple regression to relate, first, the scale values of the quality 

va ri ab 1 es and, second, the factor scores, to the sca 1 e value of the 

preference variable. All of these methods were later used in 

psychophysical attempts to understand preferences for scenic Cluality. 

Psychophysical Studies of Landscape Quality 

Psychophysical studies of landscape quality relate judgements of 

the quality of landscape areas or specific scenes (the dependent 

variable) to measures of the biophysical characteristics of those areas 

or scenes (the independent variables). The differences among 

psychophysical studies of landscape quality can be categorized into 

differences regarding the stimuli, the dependent variable, the 



independent vari ab 1 es,. and differences in the way the dependent and 

independent variable are related. 
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Regarding the stimul i, some studies use actual on-site vievJs, 

while other studies use photographs of those views. Stimuli are further 

distinguished by the distance of the view depicted either on-site or on 

a photograph. Buhyoff, Wellman, and Daniel (1982) distinguished four 

dis ta nce c 1 as ses : foreground, m'j ddl egrou nd , bac kground, and very 

distant. A scene may include one or more of these distance classes. For 

example, a scene taken within a forest stand often includes only the 

foreground and perhaps middleground classes. Other scenes include 

far-off mountaintops as well as near distances. Scenes which include 

only the first two distance classes are often called near-view scenes or 

in-the-forest scenes (Schroeder and Daniel 1981). Scenes which include 

the last distance class are commonly called vista scenes. 

Studies differ, regarding the dependent variable, in terms of the 

question to which observers are asked to respond. Such differences occur 

in terms of the dimension (scenic beauty, scenic quality, landscape 

preference), the response format (comparisons, ranking, ratings), and 

sca 1 i ng of the responses (s imp 1 e averagi ng, Thurstone scale values). 

Studies also differ regarding the number of stimuli to which each 

judgement refers. Some studies ask respondents to provide one judgement 

for each stimulus, while others require that participants observe 

numerous views before providing a single judgement. A final difference 

among studies, regarding the dependent variable, concerns the number and 

background of respondents. Many researchers attempt to obtain judgements 
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from at least 20 to 30 people, but others rely on far fewer judgements. 

Also, some studies utilize judgements from observers representing several 

different well-defined backgrounds or interests relative to landscape 

management, while other studies make no attempt to compare the judgements 

of different observer groups. 

Regarding the independent variables, studies differ first of all 

in the number of independent variables included. Some use several, while 

others use only one. Second, studies differ in where and how 

measurements of the independent variables are obtained. Some studies 

measure independent variables on site, while others obtain measurements 

off of photographs and/or maps. Third, studies differ in hml/ the 

independent variables are combined. Some studies use involved procedures 

such as factor analysis to combine independent variables. Others rely on 

judgement and analysis of simple correlations in order to eliminate some 

variables and combine others. 

Regarding differences in the way the dependent and independent 

variables are related, studies differ in terms of the wayan individual 

case is defined, and in terms of the statistical methods used to relate 

the variables. Some studies define the case as the individual photo or 

area about which a single judgement was obtained for each respondent, 

while other studies sum or average judgements for several photos or areas 

to define t~e case. Many studies offer no specific statistical procedure 

for relating the independent variables to the dependent variable, while 

other studies use regression analysis to quantify the relationship. 
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Existing studies using the psychophysical method can be broadly 

categorized into three groups: 1) studies which require that respondents 

provide single judgements from numerous on-site views of a geographical 

area, which are related to measurements of independent variables taken 

from maps and aerial photographs of the area, 2) studies which rely on 

judgements of photographs of single views of vista scenes, where 

measurements of the independent variables are taken directly off 

photographs, and 3) studies which require judgements of single views of 

near-view scenes, '\~here measurements of the independent variables are 

taken either directly off photographs or are obtained on-site. 

Many-views-per-judgement Approach 

Dearden (1980) reports on the first attempt to statistically 

relate perceived scenic quality to,measured landscape characteristics 

using the many-views-per-judgement approach. In this study, by the 

Coventry-Solihull-Warkickshire Regional Study Group in 1971, geographical 

areas were rated on-site for visual quality by b/o researchers. 

Landform, land use, and land feature variables were then measured from 

air photographs and maps. Using multiple regression, these variables 

explained 70 to 80 percent of the variation in the visual quality scores 

for the land areas. As Dearden reports, Blacksell and Gilg tested the 

technique in 1975 in a different area of England and reported a 71 

percent explanation of a dependent vatiable. Also, as Dearden reports, a 

University of Manchester study in 1976, using 30 professional planners 

providing judgements on an improved scale, successfully applied the 

many-views-per-judgement approach. 
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Dearden (1980) identified 43 square kilometers in an area in 

British Columbia for application of the many-views-per-judgement 

approach. T\'/e1 ve parti ci pants of vari ed backgrounds were transported by 

bus to numerous locations in each square kilometer. The views ranged 

from near-view to vista. They responded to the question "Vlould I rather 

see the scenic qualities of this unit destroyed more or less than any 

other unit thus far evaluat.ed and by how much?" (p.61). Their rating 

responses on an open scale \'/ere scaled by asking the participants~ 

following the rating of the areas, to give the numbers which represented 

the very best and very worst situations that they could imagine using the 

same criteria that they had used for rating the areas. With these new 

ratings anchoring the top and bottom of the scale, each respondent1s 

scores were scaled to a 0 to 100 scale. Thirty independent variables 

were measured on aeri a 1 photographs and maps representi ng the square 

kilometer areas. These variables included percent of the grid in 

farml and, 1 ength of ri vers and roads, and number of man-made 1 akes. 

Stepwise r(;gression included 6 significant and 17 non-significant 

variables at the 10 percent level, explaining 91 percent of the variance 

in the dependent variable. 

Also in 1980, Briggs compared three expert methods with one 

psychophysical method. The psychophysical method required that 10 

respondents of several backgrounds rate 47 different square kilometers. 

Based upon numerous views of each area during a tour, a mean rating was 

calculated for each area based on response ratings from -10 to +10. 

Although Briggs does not clearly specify the question to \'Ihich the 
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respondents provided their ratings, it appears that the)' rated the areas 

for landscape quality. Measurements of 15 independent variables, similar 

to those used by Dearden, \'1ere made from secondary sources. Multiple 

regression using 9 of the variables explained 91 percent of the variance 

in the dependent variable. 

Single-view-per-judgement Approach 

The single-view-per-judgement studies of importance here involve 

forested areas with no people or man-made structures visible. This, 

however, should not suggest that similar methods have not been used for 

situations where people and man-made structures exist. For example, 

Carls (1974) obtained judgements from 270 campers, plus 75 people in a 

household survey, about their preferences for recreation areas depicted 

on color photographs of outdoor scenes in Illinois. Of the total of 100 

landscape photographs, each respondent was asked to rank 5 photographs in 

each of 4 packets (20 pictures total) according to where they would most 

likely spend their day for recreation. Sixty-nine rank values were 

obtained for each of the 100 photographs. The sum of the ranks across 

respondents was used as the dependent variable. Areas and perimeters of 

characteristics such as sky, people, and immediate vegetation \'1ere 

measured di rectly from the photographs. Factor ana lys oj s of 27 such 

variables isolated 9 factors. The most important variable for each 

factor was then used as an independent variable in multiple regression. 

Stepwise regression yielded a 5 variable model (variables significant at 

the .05 level) explaining 48 percent of the variance in the dependent 

variable. 
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Shafer (1964) was apparently the fi rst to suggest the use of 

photographs for obtaining judgements about scenic beauty of forested 

areas with the goal of understanding preferences for different types of 

forested scenes. He suggested that such a method be used to quantify the 

scenic recovery period follm'!ing harvest and to better understand the 

rel ative sceni c·' qua 1 i ty of even-aged versus uneven-aged. timber stand 

management. 

Vista Scenes 

Shafer, Hamilton and Schmidt (1969) were the first to apply the 

psycophysical method to vista scenes. They asked Adiarondack Mountains 

campground visitors to rank groups of 8 by 10 black and \,Ihite photographs 

on the bas i s of 1 andscape quality. The sum of the ranks for 100 

photographs was related using multiple regression to the area in each 

photograph, as measured on the photograph, in each of several 

characteristics. The regression explained 66 percent of the variance in 

the dependent variable. Brush (1981), using 41 of the original 100 

photographs, examined landform, a variable not considered by Shafer et 

al., and found a high correlation between the dependent variable and 

landform. Shafer and Mietz (1970) compared the responses to the Shafer 

et al. (1969) photos by Adiarondack Mountains campers to responses of 

residents of the Salt Lake City, Utah area 'I,ho visited recreation areas 

on the Wasatch National Forest. They found that thp. landscape preference 

mode 1 developed from judgements of the Ad i rondack t~ounta ins campers 

performed fairly well in explaining the judgements of Utah 

recreationists. 
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Buhyoff and Leuschner (1978) obtained judgements from several 

groups, ranging from 13 to 118 people each and representing numerous 

interests and backgrounds, about ten color slides of forested areas along 

the Blueridge Parkway infested with southern pine beetle. The slides 

showed from 0 to 68 percent of the visible landscape in beetle damage. 

Respondents were shown all possible pairs of the ten slides and asked to 

choose the least preferred of each pair. The paired comparison data for 

each group were scaled using Thurstone's Law of Comparative Judgement, 

yielding an interval scale of preference for the scenes depicted in the 

10 photographs. A s i ngl e independent va ri ab 1 e, the percent of the 

visible landscape showing beetle damage, as measured on the photographs. 

was related to the scale value of preference using simple linear 

regression. A linear approximation of a logarithmic function was the 

best mathematical description of the relationships beb/een the scale 
2 value and percent beetle damage based on a selection criterion of R 

maximization. Percent beetle damage explained from 83 to 87 percent of 

the variance in the dependent variable for those groups who were informed 

at the beginning of the experiment about the beetle damage in the 

photographs. However, the independent variable explained only from 27 to 

38 percent of the variance of the dependent variable for those groups who 

were not alerted to the beetle damage in the photographs. This suggests 

that respondents who were informed of the beetle damage cued on that 

damage in providing their judgements. 

Buhyoff, Leuschner and Arndt (1980) asked 64 subjects to rank 7 by 

10 inch color prints of the same 10 color slides used by Buhyoff and 
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Leuschner (1978). They scaled these ranks using the Law of Comparative 

Judgement and found a .SO correlation between the values predicted from 

the original model and the scale values based upon the ranking 

instructions. 

Buhyoff and Wellman (1980) compared linear, log, exponential, and 

power functions for explaining bivariate relationships of scenic quality 

to physical features of vista photos. This was done to test the 

app 1 i cabil ity, to judgements of aestheti cs, of the Fundamental Law of 

Psychophysics, which states that constant increases in the size of a 

physical stimulus are not associated with constant increases in 

subjective sensation. Several observer groups provided comparison 

responses for two separate sets of vista photos, which were presented on 

tandem screens using color slides. They found that the log function 

consistently explained more of the variance in the dependent variable 

than the other equation forms, supporting Fechner's Law, which states 

that a logrithmic function best describes the reiationship between 

interval estimates of sensation and increasing physical units of a 

unidimensional stimulus. 

Buhyoff, Hellman and Daniel (1982) obtained rating and ranking 

judgements of 64 color slides, of forest vista landscapes along the 

Colorado Front Range, from several groups of varied backgrounds. The 

rating l'e'sponses were scaled using the Scenic Beauty Estimation technique 

developed by Daniel and Boster (1976), described in detail bel 0\,1. The 

ranking responses were scaled using the Law of Comparative Judgement. A 

high correlation (R2 
= .84) was obtained 'between scale vc.lues for those 
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subjects which used both response formats. Subjects using the rating 

response format were asked to rate areas using a 1 to 10 scale where 1 

represented low scenic beauty and 10 represented high scenic beauty. Six 

independent variables were ultimately chosen from a set of 91 variables 

which were measured on the photographs. Models were then developed using 

seven independent variables, the six selected variables plus one 

representi ng the square of one of the six. Fifty-fi ve percent of the 

variance in scenic beauty was explained using a model based on responses 

of people who were not informed about the presence of pine beetle damage 

in some of the scenes. A similar model based upon responses of those 

subjects who were informed of the presence of pine beetle damage 

explained 56 percent of the variance in the dependent variable. 

To date, vista models based on a single view per judgement have 

only used independent variables measured directly on photographs. An 

interesting research opportunity is to explore the possibility of 

obtaining the independent variables for such models directly from maps 

and aerial photographs, as was done with many-views-per-judgement 

studies described above. 

Near-view Scenes 

The near-view studies focus more specifically on timber stand 

characteristics. Early studies of this type made no attempt to 

statistically relate dependent to independent variables. Klukas and 

Duncan (1967) asked 300 recreationists in north central Minnesota to rank 

6 color photographs representing timber stands of different tree species. 

They did not report the exact dimension upon which the respondents were 
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asked to rank the photographs, but imply that the respondents were to 

rank on the basis of preference. Based upon the percent of respondents 

who ranked a species first, second, or third, they drew conclusions about 

recreationists' preferences for different tree species. 

Rutherford and Shafer (1969) asked 5 groups of from 10 to 63 

people, representing various backgrounds, to choose the "more attractive" 

forest stand from among 16 pairs of color slides for each of 2 timber 

types (softwood and hardwood). Each pair contained one photograph of an 

area whi ch had been cut 10 to 12 years previ ous ly and another of a 

similar area which had not been cut. All photographs were taken by 

professional photographers. The authors based their conclusions upon the 

percent of the responses which favored cut or uncut situations in each of 

the two timber types. 

Cook (1972) asked recreationists at 3 recreation sites in New York 

Clnd Pennsylvania to choose the "more attractive" tree from among 12 pairs 

of mature trees representing 3 classes of timber Quality. Recreationists 

provided on-site judgements of pairs of trees marked along trails. Cook 

used a chi-square statistic to draw conclusions about the relationship 

between aesthetic quality and timber quality. 

Daniel and Boster (1976) asked numerous groups of from 10 to 54 

members, representing numerous backgrounds, to rate color slides of 

ponderosa pine areas on a 1 to 10 scale. They were asked for "your 

judgement of the scenic beauty represented by the slide" (p. 25). At 

first 25, and later 15, slides were used to represent each of G forest 

areas. Slides within each area were obtained by a randomized procedure 
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for selecting locations and dirE:ctions of photographs. Their hvo 

procedures for transforming the ratings to an interval scale, called the 

"by-observer" and "by-slide" procedures, were based on a combination of 

Thurstone1s Law of Categorical Judgement (Torgerson 1958) and Signal 

Detection Theory (Green and Swets 1966). In the "by-observer" procedure, 

which they describe in detail, ratings from each observer for the slides 

in each area \vere scaled to Z-values (standard normal deviates) for each 

observer by area combination, and then each observer1s Z-values were 

expressed relative to the observer1s Z value for the base area (one of 

the 6 areas). The Z-value differences for each area, called "scenic 

beauty estimates II (SBEs), \'Jere then averaged across obsey'vers to yi e 1 d 

SBEs for each area. In the "by-slide" procedure, which Daniel and Boster 

only mention, ratings for each sl ide (across observers per group of 

observers) were scaled to group Z-values per slide and then expressed 

relative to the group1s mean Z-value for the base area slides. Finally, 

the Z-value differences (SBEs) for each ~lide were averaged across areas 

to yield SBEs for each area. (Daniel and Boster found that the t\'JO 

procedures gave similar SBEs). The base area has an SBE of 0, and SBEs 

for other landscapes typically range from about -200 to +200. Daniel and 

Boster drew conclusions about the preference for forest stands by 

examining correlations between SBEs and biophysical features, where the 

biological features were measured directly from the slides. 

Arthur (1977) asked subjects to rate color slides taken in 6 areas 

in the ponderosa pine forests of northern Arizona on a scale from 1 (low 

scenic beauty) to 10 (high scenic beauty). Arthur calculated an SBE 
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using the "by slide" procedure. Arthur \'las the first to use multiple 

regression to relate the biophysical variables of a near-view forest 

scene to judgements of the scenic quality of the scene. In addition, she 

related design features to scenic quality. In all, she presents 3 

regressions based upon the judgements of 38 observers. The first (R2 

.76) uses as independent variables standardized scores of ratings of 

phys i ca 1 features (e. g., amount of dm·med 'Nood, dens ity of trees) present 
? 

on the s 1 ides. The second (R~' = .97) uses as independent va ri C1b 1 es 

standardized scores of ratings of design features (e.g., 1 ighting 

intensity, focal view, visual unity) present on the slides. The third 

regression (R2 = .80) uses as independent variables estimates of timber 

cruise variables (e.g., trees per acre of 14 to 29 cm dbh, percent crown 

cover) estimated directly from the slides. All 3 regressions contained 

only linear terms included using a stepwise procedure. The regressions 

were based on 30 cases (5 slides from each of 6 areas). 

Brush (1979) asked 57 New England rural landowners, 40 forestry 

students, and 96 non-forestry students to rate 8 by 10 inch color 

photographs of forest scenes on a 1 (very unattractive) to 5 (very 

attractive) scale. Mean ratings of each of 20 sites, each represented by 

3 photographs, were examined to draw conclusions about preference for 

different stand characteristics which were either measured or observed on 

site. 

Benson and Ullrich (1981) asked 15 groups of varying backgrounds, 

averaging 30 individuals per group, to rate color slides of forested 

areas on a scale from a (dislike) to 9 (like). They calculated SBEs for 
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each slide, but present only mean ratings because mean ratings and SBEs 

were closely related. Twenty-five slides were used to represent some of 

their stand situations, but they do not report the number of slides used 

to represent other fores t s itua t ions. They drew conc 1 us ions about 

preferences for stand characteristics by examining mean ratings of the 

slides. 

Schroeder and Daniel (1981) and Schroeder and Brown (1983) used 

estimates of the physical features collected in the field as the 

independent variables in multiple regression models. Schroeder and 

Daniel based their study on two sets of data, one collected at 90 forest 

sites on the Coconino National Forest in 1977 and the other on 40 sites 

in the Colorado Front Range. Four color slides were taken at each site 

and shown to student volunteers who rated slides on the 1 (low scenic 

beauty) to 10 (high scenic beauty) scale. Ratings were converted to SBEs 

for each sl ide, as they I'lere by Arthur (1977), and then averaged per 

site. Additional data about insect damage to trees was collected on the 

Colorado plots. 

Schroeder and De,niel (1981) used only linear terms in their 

models, and none of the independent variables were transformed in any 

way. The most successful models, in terms of variance in SBE explained, 

resulted from the Coconino plots where all possible independent variables 

were included (R2s of .78 and .81). Eliminating some variables and 

combining others to obtain a more practical model, in terms of data 

requirements, and a model with less multicolinearity among the 

independent variables, resulted in models of five to six independent 
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variables, explaining 60 percent of the variance in SBE, and significant 

at better than the .001 probability level. A model of 14 independent 

variables based on the 40 Colorado plots accounted for 60 percent of the 

variance in SBE (p < .05). And, finally, a model of 12 independent 

variables based on all 140 plots accounted for 49 percent of the variance 

in SSE (p < .001). 

Schroeder and Brown's (1983) data came from 333 sites inventoried 

in 1979 on Woods Canyon and 8ar-M Watersheds, Coconino National Forest. 

The data was collected in a similar fashion to that of the Schroeder and 

Daniel study, using procedure 1 of the multi resource inventory system 

(MRI) developed by Brown (described in a later section). They considered 

only six independent variables, describing overstory, understory, and 

downed \'lOod, but tested the s i gnifi cance of a 11 cross products and 

squares of those variables using stepwise regression with the criterion 

for inclusion being an F-ratio of 3.84. Vlith only the linear terms 

available, a model of 4 terms (R2 .51) resulted. The model with 
') 

highest RL contains 6 terms including one cross product and one square 
2 (R =.54) • 

Validity of Psvcophysical ~lethods 

The two main issues regarding the val idity of psycophysical 

~ethods for evaluating scenic beauty are 1) whether judgements of the 

scenic beauty of an area are related to actual behavior in terms of use 

of the area and 2) whether judgements of photos of areas are adequate 

substitutes for on-site judgements. Th~ only study addressing the first 

i sSlie is that of Kl ukas and Duncan (1967), who compared results of 



31 

on-site interviews, using color photographs to obtain preferences for 

forest types, with observation of motorists along roads where these 

forest types were found. They observed decreases in vehicle velocity, 

stopping of vehicles, and disembarkment of passengers at locations which 

contained representative samples of the forest types of interest. 

Although they do not present a statistical analysis of their comparison, 

they conclude that "numerous similarities in subsamples of the interview 

method and of the observation method indicate that the two produce 

comparable results" (p. 21). 

In 1964, Shafer suggested that respondents be asked to rank 

photographs in order of preference as a way of obtaining information 

about people's preferences for scenic beauty in forested areas. The 

studies which have tested the use of photographs as a substitute for 

on-site judgements fall in two categories, those which focus on the scenic 

beauty of forested areas characterized by several views per area, and 

those which focus on the scenic beauty of specific views. Boster and 

Daniel (1972) and Daniel and Boster (1976) used the first approach. 

Boster and Daniel took 25 slides at random locations within each of 6 

areas, and asked 30 students to provide rating judgements about each of 

the 150 slides, presented in a random order. They took 27 students to 

each of the 6 areas and asked those students to rate each of the areas 

for scenic beauty once they had observed each area from 3 different 

locations. The scaled values for each of the 6 areas based on slide 

judgements explained 98 percent of the variance in the scaled values of 

the on-site judgements. 
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Daniel and Boster (1976) used a quasi-random procedure to take 5 

slides at each of 3 sites in each of 6 areas, for a total of 90 slides. 

They as ked 34 pa rti ci pants, representing va ri ous natural resource 

interests, to rate the 90 slides, and also took the participants to the" 

three sites in each of the 6 areus and asked the participants to rate 

each site. The scaled responses for each area, based on the 18 slide 

judgements per area obtained from each of the participants, explained 96 

percent of the variance in the scaled on-site judgements based on 3 

responses for each area. The scaled responses for each site, based on 

the 5 slide judgements per site, explained about 69 percent of the 

variance in the on-site judgements per site. 

Shafer and Richards (1974) were the first to test the val idity of 

using color photographs to represent individual views. They selected fl 

scenes, some near-view and some vista, depicting a variety of landscapes. 

Only 2 of the scenes did not have man-made objects in view. They asked 

participants to provide their judgements about the 8 scenes on 27 

different dimensions represented by 7-point semantic differentials such 

as beautiful to ugly and exhilarating to depressing. h/enty-nine 

students provided on-site judgements, 54 provided judgements from color 

slides, and 30 provided judgements of color prints. Using factol' 

analysis, they selected the most important dimensions for each of the 8 

scenes. Based only upon the selected dimensions for each scene, the 

color slide judgements explained 51 percent of the variation in the 

on-site judgements, and the color print judgements explained 38 percent of 

the on-site judgements. They concluded that color slide projections or 
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photographs can only be used to determi ne the reacti ons to an actual 

scene if the presentation adequately includes most of the elements in the 

scene. 

Jackson and Hudman (1978) compared on-site rankings of scenes to 

rankings of color slides and color prints. The scenes included urban, 

rural, farm, and mountain locations. On-site views were restricted so 

that the participants only saw the portion of the scene depicted in the 

pictures. Jackson and Hudman concluded, "that visual attractiveness is 

not affected by whether it is viewed in the real world, as a color 

photograph, or as a color transparency" (p. 159), but their test, by 

restricting the on-site views, controlled for what is probably the most 

important difference between photographs and on-site views. 

Finally, Brush (1981) compared the ratings by 48 non-forestry 

students of 10 color photographs representing forested scenes to ratings 

by another group of 48 non-forestry students who rated the actual scenes 

from the point. where the photograph had -been taken. Unfortunately, the 

on-site ratings occurred 1 year after the photographs had been taken, and 

some of the scenes had changed considerably. Brush found that the slide 

judgements explained 45 percent of the variance in on-site judgements. 

In general, we must conclude that judgements from photographs are a 

rather poor substitute for on-site judgements when only 1 photograph is 

used to represent each site. The acceptability of the use of photographs 

seems to improve dramatically as the number of scenes used to represent 

each site or homogeneous area increases. 
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Preferences for Near-view Forest Stand Characteristics 

Yarrow (1966) found, using a mail questionnaire, that British 

respondents preferred stands of mixed tree heights to those of uniform 

height. Klukas and Duncan (1967) found that respondents preferred mature 

stands of pine, with little understory, to younger and more cluttered 

stands of spruce-fi r, aspen, a nd northern hardwoods. Rutherford and 

Shafer (1969), comparing a softwood stand of 120 square feet of basal 

area to an originally similar stand which had been thinned 10 to 12 years 

before, found that 63 percent of the respondents preferred the thinned 

stand compared with 19 percent who preferred the uncut stand and 18 

percent who indicated no preference. However, there was no difference in 

preference between a hardwood stand of 115 square feet basal area and an 

originally similar stand which was thinned 10 to 12 years before. Daniel 

and Boster (1976) found that most groups preferred relatively open 

ponderosa pine stands, es peci ally those with a \Ale 11-deve loped ground 

cover, to denser stands. 

Arthur (1977) found that downed wood amount and distribution, and 

numbers of large trees, were the most significant variables in explaining 

scenic beauty. Positive variables included tree basal area, tree density, 

tree size, tree crown canopy, more clumped tree distribution, and herbage 

(grasses, forbs, and shrubs). Negative variables included downed wood 

amount, dm'med wood pi 1 i ng, va ri ety of tree sizes, and number of sma 11 

trees. Brush (1979), among a mix of hardwood and softwood stands, found 

that respondents preferred open stands (they disliked closed spacing of 

many small stems and limited visual penetration into the stand), large 
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trees, and small (versus large) clearings. Respondents generally 

preferred managed (th inned and pruned) stands. Schroeder and Da ni e 1 

(1981) found the following variables to be positively related to scenic 

beauty of predominately ponderosa pine stands: weight of grasses, forbs, 

and shrubs, numbers of ponderosa pine greater than 16 inches dbh, and 

numbers of Gamble oak, aspen, fir, and juniper. Negative variables 

included slash and volume and numbers of ponderosa pine from 5 to 16 

inches dbh. Benson and U1l ri ch (1981) found, for sofb/ood stands of 

several species, that respondents generally preferred orderly scenes to 

disturbed, disorderly ones, disliked slash, preferred shelterwood 

treatments to clearcut treatments, and found that revegetation and tree 

growth following disturbance improved scenic quality. 

All these studies suggest that numbers of large trees and amount 

of vegetative ground cover are positively related to scenic beauty, and 

that amount of downed wood, especially when piled, and numbers of small 

trees are negatively related to scenic beauty. All studies but Arthur 

(1977) suggest that open, less dense, stands are preferred to closed, 

more dense, stands. Arthur reported that tree density and tree basal 

area were positively related to scenic beauty, but her sample included 

only 6 areas, with the least dense area showing obvious signs of recent 

harvest. Management was seen as generally positive, if clearcuts were 

not used, once scars of harvest had healed. Finally, Yarrow (1966) and 

Arthur differ regarding mixture of tree sizes. Yarrow reports that 

people prefer stands of mixed height, \·,hile Arthur reports that variety 

of tree size is negatively related to scenic beauty. 
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Cos t of Scen i c QucGili 

A less than exhaustive literature search has not uncovered any 

studies which attempt to estimate the costs of scenic quality at the 

detailed level of resolution (the near-view) proposed herein. Fight and 

Randall (1980) attempted to measure the increase in cost of producing 

timber \vhile meeting mid-range visual quality constraints in Oregon, but 

they considered only 2 levels of visual quality, and did not directly 

relate physical features of the scenes to visual quality. 

Three recent papers demonstrate, at a theoretical level, the 

effect of services rendered by standing timber on t,'aditional timber 

management objectives. Hartman (1976) determined the optimal rotation 

length of an even-aged forest using the standard Faustmann approach. He 

concluded that the presence of such services can either postpone or, if 

the services are sufficiently valuable, preclude harvest. Nguyen (1979) 

determined the optimal cutting cycle of a selection (all-aged) forest 

given a residual stocking which was maintained because of the value of 

the standing timber. He concluded that in general there is no IIclearcut 

answer as to whether [the impact of the residual stand constraint] is to 

prolong or shorten the [cutting cycle] that the more traditional 

[unconstrained] models would indicate,1I but that if the residual stand 

constraint is IIhigh enough,1I the cutting cycle will be longer than "it 

would be with no residual stand constraint (p. 134). Berck (1981) 

concluded that optimal timber management requires maintaining a greater 

stock if standing timber provides valuable environmental services than if 

it does not .. 
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Finally, Calish, Fight, and Teeguarden (1977) estimated the effect 

of nontimber outputs, including aesthetic quality, on rotation in Douglas 

fir. Their estimates of the effects on rotation length of nontimber 

outputs were based on judgement and previollsly publ ished studies. For 

visual aesthetics, the relationship between aesthetic quality and 

l'otation length was represented by a free-hand curve of continually 

increasing value from 0, at a rotation of 1 year, to 1.0, at a rotation 

of 100 years. Assuming a range of plausible values for aesthetic 

quality, they concluded that aesthetic quality had negligible effect on 

optimal rotation length as determined using the standard Faustmann IIsoil 

expectation value. 1I 



CHAPTER 4 

APPROACH 

This chapter describes the approach and methods used to reach 

objective 1, dealing with the modeling of scenic beauty, and objective 2, 

concerning the cost of enhancing scenic beauty. 

Objective 1 

General Model 

Schroeder and Daniel (1981) and Schroeder and Brown (1983) have 

shown that over one-half of the variation in scaled values of near-view 

scen; c beauty rat; ngs of ponderosa pi ne forest sites represented by 4 

photographs each can be exp 1 a i ned in terms of fi e 1 d inventory 

measurements of standing timber (T), herbage (F), and downed wood (0). A 

simple model of scenic beauty (B) at a point in time (t) is 

Bt = b(Tt , Ft , Dt , Mt , Nt) + E 

where M stands for other measured variables, N for non-specified 

va ri ab 1 es, and E For random error with mean of O. II Herbage" is used 

throughout to refer to the combination of grasses, forbs, and shrubs. 

T, F, D, and M each represent a set of specific variables. In 

this study, T represents variables specifying number of trees by tree 

species and size class. Previous studies show that B increases with the 

number of large (yellow) ponderosa pine, decreases with the number of 

small (pole-sized) ponderosa pine, and increases with the number of 

intermediate (small sawtimber) ponderosa pine up to some level and then 

38 
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decreases as the stand becomes very dense. T in this study also 

represents numerous stand summary variables including canopy cover, 

basal area, and variables describing stand structure. The model allows 

specification of change in B with change in a given standing timber 

variable Tj' all other things held equal (Figure 1a). 

F represents weight of grasses, forbs, and shrubs. Schroeder and 

Daniel (1981) showed that B increases with weight of grasses, forbs, and 

shrubs. F in this study also represents canopy and height of grasses, 

forbs, and shrubs. The model allows specification of change in B with 

change in herbage variable Fj' all else equal (Figure 1a). The model 

also allows specification of B for different mixes of T and F, such as 

those obtainable at different overstory densities (Figure 1b). 

The model can a 1 so be used to generate i soquants for B as a 

function of competing independent variables. For example, trees and 

herbage compete for space, light, and moisture. Figure 1c shows B as a 

function of the number of large trees (T1) and F. The more T1, the 

less F needed for a given level of 8. 

D represents volume of downed wood in specified diameter size 

classes and appearance classes. IIAppearance li refers to how recently 0 

was created and, correspondingly, how high off the ground the branches 

and twigs are, or whether it is piled or scattered. Previous studies 

show that B decreases with increases in total downed wood and in slash. 

D in this study also represents fuel depth, brush piles, and a measure of 

downed wood dispersion. The model allows specification of the change in 

B with changes in downed wood variable D. (Figure 1a). 
J 
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OO\'Jned \'Jood is usually categorized as slash, meaning it was 

created by cutting (harvest or precommercial thinning), or natural, 

meaning it fell without interference by humans. Initially, a given 

volume of slash has a more detrimental effect on B than a similar volume 

of natural downed wood. Slash consists largely of branches and tops 

which were healthy before being cut. It tends to lie mostly above ground 

level, being suspended by attached branches, obstructing the view. 

Natural downed wood consists largely of logs, which were dead or dying 

before they fell, and which lie on or closer to the ground. With time, 

the branches and twigs which make up most of the slash fall to the 

ground, and the slash takes on a "natural" appearance, so that the 

distinction between slash and natural downed wood diminishes with time. 

The change in B with harvest (H) was also estimated using the 

model. The change in B with harvest depends on the amount of slash 

removal (R) follO\'Jing harvest. For example, Figure Id shows B for three 

remova 1 1 eve 1 s, \'Jhere R1 represents no slash removal, R2 represents 

removal of one-half of the slash created with harvest, and R3 

represents removal of all slash created with harvest. 

M represents slope, aspect, percent ground cover, stumps, and 

mechanical disturbance. N represents variables such as lighting, color, 

and clouds, which were not measured for this study. 

Study Area and Independent Variables 

Data were collected from 83 timber stands within Woods Canyon and 

Bar-t·l Hatersheds in the ponderosa pine type on the Coconino National 

Forest of northern Arizona. Fifteen data points, here called sites, were 
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quasi-randomly selected within each stand. At each site color slides 

were taken, from which the measurement of scenic quality was obtained. 

Also at each site, potential independent variables were measured. The 

stand delineation and inventory procedure are explained in full below. 

Dependent Variable 

Scenic Beauty (Bt ) was represented by a scenic beauty estimate, 

or "SBE" (Daniel and Boster 1976). Thirty-five mm color slides were 

taken at each site. The s 1 i des were shm'ln to a group of observers 

(subjects) \'/ho rated the slides for "scenic beauty" on a scale of 1 to 

10. At least 25 people rated each slide. Approximately 130 slides were 

rated in each session. Twenty-five "base area" slides, which are slides 

common to several slide presentations, were included in each session. 

The remaining slides represented data points for one or more study. 

Slides to be shown in a session were scrambled into a random order 

and loaded into slide trays. The instructions in Figure 2 were read to 

the observers, but no other information was given prior to judging the 

slides. The first one-half of the slides were exposed for 8 seconds, and 

the second half for 5 seconds, which has been found to be sufficient time 

for observers to view the slide, record a judgement, and prepare for the 

next slide. Judgements were recorded on sense-~ark sheets. After all 

sl ides had been shown, participants I questions about the study were 

answered. 

~lost of the observer groups consisted of university student 

volunteers who received pxtra credit for .participating in the experiment. 

Some groups consisted of members of student organizations or members of 



43 

non-student organizations, such as church groups and fraternal 

organizations, which received donations to their organization in return 

for their participation. The comparability of the groups was examined by 

calculating the correlation of one group's responses to another group's 

responses to the common base area slides. The correlation calculation 

ignores linear differences between sets of responses which may be present 

because of the ways different groups of observers use the rating scale 

(irrespective of real differences in perception and scenic beauty 

criteria - see Appendix A), thereby indicating perceptual and basic 

cri teri a differences between groups. If such real differences aJ'e 

minimal, responses from numerous groups can be combined for model 

building purposes. 

The judgements obtained from a given subject group consisted of a 

matrix of ratings Rij , where i and j represent subject and slide, 

respectively. The R .. for each slide were converted to a vector of 
lJ 

standardized scores Zj following what Daniel and Boster (1976) call the 

"by-slide" procedure. First, the frequency distribution of ratings 

(across observers) for each slide was obtained, and each frequency 

distribution was converted into a standardized score (Zj) (see 

Torgerson 1958 on Thurstone's Law of Categorical Judgement). The mean of 

the Zj for the base area sl ides was then subtracted from the Zj for 

all unique (non-base) slides to yield a standardized difference score for 

each unique slide, on an interval scale, based on the Theory of Signal 

Detection (Green and Swets 1966). This score was multiplied by 100 to 

eliminate decimals and called an "SBE". Any slide having a positive SSE 
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I am going to read some standardized instructions, so that everybody 
participating in these experiments will have the same information. 

Today. more than ever, prudent management of vii 1 dl ands such as our 
national forests is very important. Many lt/ildland researchers are 
conducti ng invest i gati ons on the effects of a lternati ve vegetati ve 
management procedures. Incl uded among these effects are the sceni c 
impacts of various management pructices. In this research~we are 
attempting to determine the public's aesthetic or scenic perception of 
such management alternatives, and we greatly appreciate your time in this 
effort. 

We are going to show you, one at a time, some color slides of several 
vlild1and areas. Each scene represents a larger area. We ask you to 
think about the area in which the slide was taken rather than about the 
photographic quality of the individual slide. 

The first slides will be shown very quickly, 5ust to give you an idea of 
the kinds of areas yOIU will be evaluating. Try to imagine how you would 
rate these slides, us'ing the "rating response scale" at the top of your 
scoring sheet. Note that the scale ranges from one, meaning you judge 
the area to be very low in scenic quality, to ten, indicating very high 
scenic quality. 

Then, after these initial slides, I will announce that you are to begin 
rating the next set of slides. You should assign one rating number from 
one to ten to each slide. Your rating should indicate your judgement of 
the scenic beauty repl~esented by the slide. Please use the full range of 
numbers if you possibly can and please respond to each slide. Are there 
any questions? 
(Answer any questions by repeating instructions, or defering them until 
after the experiment is over). 

These are the preview slides -- do not rate these slides, just use them 
to get an idea of the range of areas you will see. 
(Show the preview slides.) 

Now, rate the following slides, using the one to ten rating scale. A 
number will appear where the X is now, to help you keep track of which 
slide is being shown. 
(Show tray one, at 8 seconds per slide.) 

I am going to change slide trays now -- these slides will be shown at a 
slightly faster rate so that we can finish sooner. 
(Show tray two at 5 second per slide.) 

That is all the slides. 

Figure 2. Instructions to Subjects for Rating Slides 
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was preferred to an average slide from the base area, while 

slides having negative SBEs represent a scene preferred less than the 

base area. Finally, SBEs for a given area (e.g., site) were avera~ed to 

obtain the area (e.g. site) SBE (see Appendix A for more detRil). 

This procedure for calculation of area SBE is different from the 

"by observer" procedure described in detail by Daniel and Boster (1976, 

p. 18-19). They calculated an area's Z for each observer by using each 

observer's frequency distribution of ratings for numerous slides in the 

area. Then each Z "las converted to an SBE by subtracti ng each observer's 

Z for the base area from his or her Z for each other area. Finally, all 

the observers' SBEs for each area were averaged to obtain a mean SBE for 

each area. This procedure more completely adjusts for the way different 

people lise the rating scale, so as to isolate the difference in perceived 

scenic beauty, through the calculation of each observer's SBE for each 

area before the SBEs are adjusted for the base area. The base area 

adjustment elim.ina.tes the origin problem; that some people may tend to 

use one part of the scale for their ratings (e.g., 1-6) while others use 

another part (e.g., 4-9). 

The Daniel and Boster (1976) by observer procedure can be used 

when several, say 20 or more, slides are used to represent each area and 

a group of subjects sees all slides for a given area. However, for 

modeling pUl'poses it is very expensive to use so many slides per area. 

This study uses only four slides pel' area (site), requiring the 

adaptation lIsed here (this adaptation was also used by Arthur 1977, 

Schroedel' and Daniel 1981, and Schroeder and Brown 1983). Because this 



adaptation combines ratings of a given slide across observers in the 

calculation of a Z for each slide, the opportunity to ~djust for the 

different ways individual observers use the rating scale is lost. 
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Hith the by slide adaptation used here, inclusion of base al"ea 

slides allows the judgements from two or more groups of observers to be 

combined.· Recall that the SBE for each slide is 100 times the difference 

between the Z for the slide and the mean of the Zs for the base area 

slides. Because base area slides were shown to all observer groups, the 

SBEs for the unique slides, which were shown to one only group, were 

adjusted by the difference between groups in their ratings of the base 

area slides. For example, if the mean of the Zs for the base area slides 

for groups A and B were .1 and .2, respectively, the unique SBEs of group 

A could be adjusted to those of group B by adding 10 ((.2-.1)xl00) to 

each group A SSE. Through this adjustment, differences between groups in 

the origin of the rating scale were eliminated. 

An additional adjustment \'Jas necessary because two separate base 

areas were used. For example, if observer groups A and B saw one base 

area set while groups C and D saw another base ar~a set, an adjustment 

was necessary to make the SBEs of groups A and S comparable to those of 

groups C and D. The adjustment is the difference between the mean of the 

base area Zs for groups A and B and the mean of the base area Zs for 

groups C and D. This adjustment is acceptable if the base areas are 

similar in appearance and if groups seeing a given base area do not 

differ markedly in their judgement of the area. 
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Daniel and Boster (1976) tested both the reliability and validity 

of the procedure for obta i ni ng judgements of the sceni c beauty of 

forested areas by asking for lO-point rating scale responses about scenic 

beauty for several color slides representing each area. They concluded 

that the procedure was reliable because the SBE values for specific areas 

remained "essentially the same regardless of changes in particular slides 

sampled from the landscape and/or changes in groups of observers sampled 

from the same population" (p. 33). In one approach to testing validity, 

they compared SBE values obtained from the ratings of observers who 

walked through the areas with SBE values of observers who viewed slides 

taken randomly in the areas, and found very close agreement among the 

sets of SBEs. In another test they compared the rank ordering of areas 

based on SBEs with the rank orderi ng of the areas based on a pai red 

comparison experiment and found the rank orderings to be identical. 

Modeling 

Multiple linear regression was used to relate field measurements 

(the independent variables) to SBEs. Both factor and regression analysis 

were used to facilitate combination of some variables and elimination of 

others. Numerous mode 1 s 'a re presented, each model descri bi ng sceni c 

beauty given a set of independent variables \1hich is likely to be 

available to forest managers. In addition, models are presented us"ing 

the variables used by Schroeder and Daniel (1981). The models 

statistically relate SBEs to the biophysical variables, and, of course, 

do not prove causation. 
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For each variable set, the results of standard and/or stepwise 

regression are presented. Stepwise regression \'1as used to obtain 

utilitarian models. It is recognized that use of stepwise regression can 

lead to misinterpretation of the relationship between the dependent 

variable and the set of independent variables, particularly where 

independent variables are intercorrelated. For example, inclusion of one 

variable can keep others from entering if the inclusion/deletion level is 

high enough. This does not suggest that non-included variables have no 

effect on the dependent variable. It only indicates that, given the 

inclusion/deletion level, the set of included variables does a better job 

of "explaining" the variance in the dependent variable than another 

equally available set. While stepwise regression results are useful for 

interpretation as well as utilitarian purposes, care must be exercised. 

However, Draper and Smith's general conclusion about the use of stepwise 

regression is that it is "one of the best of the variables selection 

procedures" (p. 310) available. 

Non-linear relationships between SBE and independent variables 

were examined, and squared terms for those variables \'/hich exhibit 

obvious non-linear relationships with SBE were included in the stepwise 

regressions. Interaction terms were not included because Schroeder and 

Brown (1983) showed that they added little to the explanation of 

variation in SBE. 

Site features such as number of trees per acre and herbage weight 

per acre can each be described in terms of one or more variables. For 

example, numbers of trees can be descr"ibed by separate variables for each 
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two-inch size class, each four-inch size class, or some other size class 

grouping. And herbage v/eight can be described by separate variables for 

each species or each species group. Where little was lost in terms of 

R2 and model significance {F-level}, and where logical from a data 

availability standpoint, detailed variables describing a given feature 

were aggregated. 

As Draper and Smith (1981) state, there is confusion in the 

literature about the appropriate F-level to use in stepwise regression to 

include and delete variables at a specified probability. They state that 

"the correct 'null' sampling and testing distribution for this is not the 

ordinary F-distribution as we assume, and is very difficult to obtain, 

except in certain simple cases. Studies have shown ... that, in some 

cases where an entry F-test was made at the a-level, the appropriate 

probability was qa where there \'Iere q entry candidates at that stage" (p. 

311). They suggest that, until the issue is resolved, the analyst "use 

the procedures as given, not be too concerned with the actual probability 

levels, and simply regard the procedures as making a series of internal 

comparisons that will produce what appears to be the most useful set of 

predictors" {p. 311-312}. F-levels of 4.0 to include variables, and 3.99 

to delete variables, are used here throughout. This places rather strict 

limitations on the entrance of independent variables, and can be regarded 

as a conservative position. 

ObJective 2 

The relationships depicted thus far, expressing scenic beauty as a 

function of biophysical site characteristics, can be used to facilitate 
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short-term decisionmaking. They apply to decisions regarding harvest, 

grazing, or slash removal \'Jhere the future (beyond the next year) is 

unimportant. They can, for example, be lIsed to express the change in 

scenic beauty as a function of the amount spent on downed wood 

removal given some initial situation (Figure Ie). The scenic beauty 

models take the timber stand as given and provide no aid in long term 

decisions about timber management. 

Decisionmaking about long run forest management is facilitated by 

knowledge of long run tradeoffs associated with management alternatives. 

One obvi ous tradeoff is between net henefit to soci ety, as a result of 

timber, forage, and water yields minus management costs on the one hand, 

and scenic beauty on the other hand. Specification of this tradeoff for 

a typical forest situation would facilitate choice of the desired degree 

of emphasis to put on scenic beauty by demonstl'ating the cost of such an 

emphasis. 

One approach to specification of the tradeoff is to 

deterministically formulate two alternatives, one which maximizes net 

benefit, given some discount rate, from timber, forage, and water yields 

minus management costs, and the other which maximizes scenic beauty over 

time. Know; ng the net benefit and the sceni c beauty for these two 

alternatives, one could easily demonstrate the loss in net benefit to 

obtain maximum scenic heauty. T\'/o problems, however, arise with this 

approach. First, design of the alternative which maximizes net benefit 

considering timber, forage, and water yields and management costs is ~ 

complex task \'JOrthy of a separate study. Second, the approach provides 
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only the two extremes, ignoring innumerable other combinations of net 

benefit and scenic beauty. 

The approach used here was to simulate several alternatives which 

were likely to encompass the alternatives which maximize net benefit and 

scenic beauty. For a given site, Tt , Ht , Ft , Gt (grazing of 

livestock), ~.Jt (water runoff), Dt , Rt , and Bt It/ere simulated for 

each year t (September to August), assuming the absence of catastrophic 

events, such as earthquakes, disease or insect infestations, or wildfire, 

and assuming average annual precipitation is received each year. 

Symbolically, the models were: 

Dt ~ Dt" = d(Dt _1, Ht , Rt ) 
J J -

where L represents characteristics affecting growth, such as soil and 

weather. For any year t, Bt , Tt , Ft , Ht , and Qt' are specified 

before activities Ht , Gt , and Rt . H was assumed to occur in 

August, and R follows H. 

The alternatives simulated over the planning horizon on the 

representative area should reflect a realistic silvicultural system for 

the area. The selection of the most appropriate system for ponderosa 

pine is not always obvious, because of the way ponderosa pine grows and 

reproduces. Davis (1954, p. 183-184) has noted that, while ponderosa 

pine "tends to reproduce and grows best under full-light conditions, 
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... over any fairly extensive area ponderosa pine forests present an 

uneven-aged aspect and are generally regarded as being uneven-aged in 

their general character." This is largely true of the ponderosa pine in 

the study area. As Schubert (1974, p. 17-18) notes, "Southwestern 

ponderosa pine occurs mainly in irregular, uneven-aged stands consisting 

of small even-aged groups, varyi ng ins i ze from a few trees to severa.l 

acres." In the study area, most groups are one-eighth to one-half acre 

in size. 

Uneven-aged management (also called all-aged management) was used 

herein. Regarding only timber outputs, the three major questions for 

all-aged management of any given stand (ignoring the coordination of 

numerous stands into a managed forest) are (1) how often to harvest 

portions of the stand (the cutting cycle), (2) what the residual stand 

structure should be for the long run sustained yield management, and (3) 

how the transition to the ideal residual stand should be made. 

The second question is actually a set of three questions. First, 

the stocking level must be chosen. We will specify this in terms of 

square feet of basal area and call it the residual basal area or stocking 

level. Second, the maximum size, or age, tree must be specified. We 

will use size, in terms of diameter at breast height (dbh). Third, the 

stand structure, or distribution of trees in each dbh size class, up to 

the maximum size, must be specified. 

These decisions are obviously related. For example, the longer 

the time between cuts, the greater the harvest volume of each cut, and 

the less is left follovling harvest. Similarly, the more that is left 
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following harvest (the greater the residual volume), the greater the 

growth in volume, but the less the growth rate. This is because stand 

gro\,/th rate diminishes as density increases. And, since \'/e are dealing 

\'1ith an all-aged stand, each trep. has a growth rate (combined, they 

determine the stand growth rate), and the stand density \,/i11 determine 

those growth rates, which in turn determine whether a tree is growing 

fast enough to be left until the next harvest. 

Specification of the stocking level for a given site largely 

determines forage and water runoff potentials. However, management costs 

also depend upon slash cleanup efforts, which of course directly affect 

scenic beauty. 

The alternatives which were simulated did not address the problems 

of the proper transition to an ideal all-aged stand, the cutting cycle, 

or stand structure. Each alternative represented an ideal all-aged 

stand. For all alternatives, a 20-year cutting cycle was used, which is 

common practice, and adequate natural regeneration was assumed. 

Stand structure was specified in terms of di Liocourt1s rule: 

Xd_1 = QXd for d = 1, .•. ,m 

where Xd is the number of trees in diameter class d, m is the maximum 

diameter class, and Q is some constant (r,1eyer 1952). Assuming I-inch 

diameter classes, a Q of 1.217, the standard for ponderosa pine timber 

management, was used. 

The alternatives differed in terms of slash removal, stocking 

level, and maximum size tree. Two slash removal levels \'1ere used, all 

and none. Intermediate levels could not be simulated \vith available 
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simulation models. A range of stocking levels, from about 30 square feet 

per acre to more than 140 square feet per acre of basal area, was used. 

This range \'/as sure to bracket all practical density levels for managed 

stands. The choice of the maximum size tree to leave at harvest, from 

the timber standpoint, depends on the growth rate, which in turn depends 

on the stocking level, the real value of the timber, and the discount 

rate. If we express size class as a function of age (t), given the 

stocking level, and assume constant timber value V, and a positive 

interest rate, we want to maximize 

NPW(t) 
VA(t) 

---rt 
e -1 

where A(t) is volume per tree at age t. This gives the following rule: 

VA'(t) = rVA(t) + VA'(t)e- rt , 

such that \IJe shoul d choose to equate the change in revenue from 

postponing harvest with the sum of the forgone interest from harvest of 

the tree and the discounted cost of postponing returns from harvests of 

future trees grown in the same location. The second term of this rule 

was ignored, resulting in the rule that the tree should not be left if 

the growth rate of its value fa 11 s below the interest rate. The 

simplicity gained by this omission was at the expense of a very small 

reduction in chosen maximum tree sizes. Note, however, that, given our 

prior specification of the cutting cycle n, we would choose t subject to 

n. The maximum size tree would be left to grow tIn = C cutting cycles, 

where C is rounded to the nearest whole number. 
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When the discount rate is zero, this rule reduces to one where the 

treQ is not harvested until it stops growing altogether. A more logical 

rul~ for a zero discount rate is to harvest the tree when it reaches 

maximum mean annual increment of volume. Waiting longer to harvest would 

res4lt in the tree adding less volume than the average annual increment 

of ~ new tree growing in the same location. 

S'imulation of alternatives varying in stocking and slash removal 

lev€!ls allowed specification of the tradeoffs depicted in Figure If, 

wher'e aVlerage scenic beauty is plotted versus net benefit (NP~J) at a 

giv€!n discount rate r. Similarly, simulation of alternatives differing in 

stoqking level and maximum size tree allowed plotting of the tradeoffs 

depicted in Figure 19. 

The alternatives were simulated for the average Hoods Canyon site. 

The scenjic effects of the aiternatives were estimated using scenic beauty 

regression models developed under objective one. The effects of the 

alternatlives on timber, herbage, water runoff, and downed wood were 

preqicted using the system of models called ECOSIM (Rogers, Prosser, and 

Garrett 1983). ECOSIM is a collection of individually puhlished resource 

response models calibrated to Coconino National Forest conditions and 

combined into one interactive system. The system allO\"s the user to 

manipulate ponderosa pine stands in a simulation of harvest, site 

preparation, planting, downed wood manipulation, and grazing actions. 

T\'w types of inputs to ECOSIM are required: data describing the 

area, and treatment prescriptions. Data required for this study included 

topography, stand table, soil, livestock herbage use, downed wood, and 
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climatic information. Necessary treatment prescription information for 

each periodic entry included harvest details, slash treatment details, 

and regeneration details. 

The base year for monetary cost and benefit estimates was 1977'. 

Thi s year was chosen because of the ava il abil ity of good data on "'later 

and forage values. Real dollar values were assumed to change in the 

future as they had over the past 100 years (Manthy 1978). 

Many costs associated with forest management, such as for felling 

and loading associated "'lith harvest, are netted out of the benefit 

measures. Costs of the following actions are not netted out, and differ 

among the alternatives: sale preparation, sale administration, slash 

pile burning, thinning, and slash piling. Coconino National Forest and 

USDA Forest Service Southwestern Region records, plus profession",l 

judgement, "'Jere used to estimate unit costs of all but the last two 

items. Thinning and piling costs were estimated based on a modification 

of Turner and Larson's (1972) regression equations, which were developed 

from data taken during thinning and piling in areas similar to the study 

area. 

The monetary values of sawtimber, pulpwood, water yield, and 

forage production "'/ere developed by Brown (1982). 



CHAPTER 5 

DATA FOR NEAR-VIEW SCENIC BEAUTY MODELING 

The study area, inventory system, data sets, and variables used 

for modeling are described in this chapter. In addition, the observer 

groups are described and compared, and the importance of stand boundaries 

is discussed. 

Study Area 

Woods Canyon (12,000 acres) and Bar-M (16,360 acres) Watersheds 

lie approximately 40 miles south of Flagstaff, Arizona, in the northern 

part of the 275,000-acre Beaver Creek Watershed on the Coconino National 

Forest (Figure 3). The Woods/Bar-M area ranges in elevation from 6,400 

feet in Woods Canyon to 7,740 feet at Gash Mountain. The watersheds are 

predominantly forested with ponderosa pine, with Gamble oak interspersed 

throughout and alligator juniper interspersed at lower elevations. 

Bedrock underlying the area consists of igneous rocks of volcanic origin. 

Soils are mostly residual and less than four feet deep, consisting of the 

Siesta-Sponseller series and the heavier Brolliar series (Williams and 

Anderson 1967). New Mexican locust occurs on the Siesta-Sponseller 

soils. Arizona fescue and mountain muhly are the dominant grasses under 

the ponderosa pi ne canopy in both soi 1 types, but pi ne dropseed, b 1 ac k 

dropseed, June grass, and squirreltail are also common. 

Inventory System 

The study area was divided into timber stands using standard 

timber management criteria, and a selection of the stands was 
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inventoried using either inventory procedure 1 or the less detailed and 

less costly procedure 2. The stands were inventoried to permit scenic 

beauty modeling and to meet several other objectives not at issue here. 

Stand Delineation 

Combinations of even-aged groups, along with uneven-aged 

boundaries between groups, make up stands. Stands are typically 

described by a stand table, giving the number of trees per acre in each 

of several size classes. The data which are used to build a stand table 

are collected at randomly selected points within a stand boundary. At 

anyone point, timber from one, two, or more grou~s, as well as from 

boundary areas between groups, may be included in the sample. While 

actua 1 (on the ground) timber marki ng under an even-aged system may 

manage the groups and boundary areas separately, in a specified fashion, 

the stand table just shows the average. These averages reflect the 

stand, the average of the groups and boundary areas, and are of course 

less even-aged than the groups within the stand. 

Nearly all stands in the study area contain trees of each size 

class, but the distribution of trees per size class differs among the 

stands. Most stands do not neatly fit either the even- or uneven-aged 

model. Past management of the study areas has more closely resembled 

individual tree selection than even-aged management. Current management 

direction is to gradually create even-aged stands through a series of 

harvests. 

Stands \'1ere delineated on the 1973, 1:12672 scale panchromatic 

aerial photographs of \40ods Canyon and Bar-~l Hatersheds. Compartment 
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boundaries for both watersheds, and stand boundaries for Woods Canyon 

VJatershed, previously delineated by Coconino National Forest personnel, 

served as a starting point for the stand delineation. Stereo photo pairs 

and a stereoscope were used to delineate stand boundaries. Minimum stand 

size It/as 10 acres. Areas of like crown canopy, tree distribution and 

groupi ng, tree hei ght, and crown size were deli neated. Unconnected 

stands of similar characteristics were considered separate stands. Where 

the stands previously delineated by the Coconino National Forest on Woods 

Canyon did not represent homc·geneous stands as defined by these criteria, 

they were divided into appropriately homogeneous stands. Five hundred 

and four stands were delineated on aerial photographs in Woods Canyon and 

8ar-M Watersheds using these criteria (Table 1). All stands were 

categorized according to stand type and crown canopy density as 

determined on the aerial photographs. Four stand type classes were 

considered: seedlings and saplings, poles, sawtimber, and mixed sawtimber 

and poles. No pure seedl i ng and sap 1 i ng stands were found, although 

nearly all stands had some of each. Seventy-six percent of the stands 

were of mixed sawtimber and poles, and 6 and 17 percent, respectively, 

fell in the pole and sawtimber categories. 

Four crO\~n canopy density classes were considered: less than 10 

percent, 10 to 39 percent, 40 to 69 percent, and 70 percent and greater. 

Orily 1 percent of the stands were of less than 10 percent crown canopy, 

while 15, 49, and 35 percent fell in the 10-39, 40-69, and >70 percent 

density classes (Table 1). 



Table 1. Stand Type and Density Class of Delineated and Inventoried 
Timber Stands on Woods Canyon (WC) and Bar-M (BM) Watersheds 

Delineated Stands Inventoried Stands 
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Stand 
Typea 

Density 
Class b 

Quantity Percent Quantity Percent 
WC BM Total 

PT 2 6 9 15 
PT 3 7 5 12 
PT 4 4 3 7 
SP 2 7 11 18 
SP 3 67 136 203 
SP 4 60 103 163 
ST 1 1 4 5 
ST 2 3 38 41 
ST 3 1 32 33 
ST 4 4 3 7 

Total 160 344 504 

of Total WC BM Total of 
Total 

3 0 2 2 2 
2 4 1 5 6 
1 1 0 1 1 
4 2 2 4 5 

40 19 12 31 37 
32 19 11 30 36 
1 0 0 0 0 

8 1 2 3 4 
7 1 3 4 5 
1 3 0 3 4 

100 50 33 83 100 

a PT = pole timber, SP = sawtimber and poles, and ST = sawtimber. 

b Based on crown canopy: 1 = <10%, 2 = 10-39%, 3 = 40-69%, 4 = >70%. 
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Of the 16 possible categories which the combination of the stand 

type and density distinction creates, only 10 are represented on Woods 

Canyon and Bar-M Watersheds (Table 1). Seventy-two percent of the stands 

are mixed sawtimber and pole stands of at least 40 percent density; 

Selection of Stands to be Inventoried 

Stands to be inventories \'/ere selected in proportion to their 

representation in the 16 categories. Selection of stands within a 

category was l'andom, except that more accessible stands were favored and 

consideration was given to the logging schedule. 

Inventory Procedures and Data Summary 

Fifteen sample points were located within each inventoried stand. 

At each point, one of two procedures was followed. The procedures differ 

in that procedure 1 calls for more detailed herbage, shrub, and downed 

wood data than procedure 2. Both procedures are described in Appendix B, 

including (1) sample line and point layout, (2) aerial photograph 

preparation, (3) point marking, (4) photography, (5) inventory of 

overstory, understory, ground cover, and downed wood, and (6) data 

summary. 

Data 

Sixteen percent. of the delineated stands were inventoried. 

Seventy-three percent of the 83 inventoried stands were sawtimber-pole 

stands of at least 40 percent crown canopy (Table 1). Twenty-four stands 

were inventoried with procedure 1, and 59 with procedure 2. Of the 
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procedure 1 stands, 5 were reinventoried in 1980 and 4 in 1981 (Table 2). 

Stands were inventoried from late May to mid-August. 

Scenic Beauty Estimates 

Approximately 50 sets of slides were shown to observer groups who 

rated the slides for scenic beauty on a 10-point scale. Most of the 

groups \'Jere of student volunteers obtaining extra credit for a psychology 

class at the University of Arizona, ten \'-Jere of students belonging to 

student groups who were paid $2.00 per participant, and 10 "/ere of 

members of church and civic groups paid $4.00 per participant. All of 

the groups are cons i dered general pub 1 i c groups because they do not 

represent any particular outdoor or natural resource management 

interests. 

The agreement among groups was checked by comparing SBEs for the 

base area slides. Pearson correlations of one group's SBEs for the hase 

area slides to another group's SBEs for identical base area slides ranged 

from .61 to .94, with a median of .84. Most of the correlations ranged 

from .80 to .90. Less than perfect agreement is a ttri buted to 

differences among individuals comprising the groups and differences among 

the unique (non-base areCl.) slides shown to the various groups. 

Furthermore, student volunteer groups could not be distinguished from 

groups who were paid to participate, and student groups could not be 

distinguished from church and civic groups, suggesting that student 

volunteers adequately represent the general public. 

Slides \'Jere shown to observers in two slide rating contexts. 

"Context" refers to the proportion of pre- versus recent post-harvest 



Table 2. Inventoried Stands Categorized by Procedure, ~/atershed, and 
Year of Inventory 

1979 .' 

1980 

1981 

Totals 

Pre-harvest 

Post-harvest 

Grand 

Procedure 1 

HC BM 

16 8 

5c 0 

4c 0 

24 

9 

33 

Number of Stands 

Procedure 2 

HC BM 

12 

22 

o 

59 

o 
59 

4 

21 

o 

a Re-inventory following harvest. 

Total 

40 

48 

4 

83 

9 

92 

64 
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slides among the slides presented to subjects for rating. All 

pre-harvest slides were shown in groups of slides containing only slides 

with no evidence of recent harvest (the most recent harvest represented 

in those slides occurrp~ about 30 years prior to taking the slides). 

Post-harvest sl ides (harvest occurred within 2 years and effects of 

harvest, such as slash piles, were obvious) were shown in slide groups 

containing about one-half recent harvest slides and one-half pre-harvest 

slides. Examination of the correlations between SBE and the physical 

variables of the two sets showed obvious differences from the pre-harvest 

to the mixed context for the relationship of SBE to overstory, 

understory, and downed wood variables. Therefore, pre-harvest models 

were built using the cases for which SBEs were obtained in the 

pre-harvest context and recent post-harvest models were built using 

post-harvest cases for which SBEs were obtained in the mixed context. 

Data Sets 

Eight data sets were constructed for modeling purposes, based on 3 

distinctions, between site- and stand-level data, between a pre-harvest 

and a mixed pre- and post-harvest context for obtaining scenic beauty 

judgements, and between procedure 1 and procedure 2 data (Table 3). 

Regarding the data level distinction, models were built using site-level 

data and stand-level data, where each case in the stand data consists of 

the average of the site data for the sites in the stand. 

Crossing the site/stand distinction with the pre/mixed context 

distinction yields 4 procedure 1 data sets: pre-site-Pl (333 cases), 

post-site-Pl (120 cases), pre-stand PI (23 cases), and post-stand-Pl (13 
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Table 3. Data Sets Used for Modeling 

Data Inventory 
Set Context Data Level Procedure No. of Casesc 

1 prea site 1 333 
2 mixedb site 1 120 
3 pre stand 1 23 
4 mixed stand 1 13 
5 pre site 2 637 
6 pre stand 2 42 
7 pre site combined 1200 
8 pre stand combined 81 

a Subjects rated only pre-harvest slides. 

b Subjects rated mixture of pre- and post-harvest slides, and models 
were built using the post-harvest cases. 

c After deletion of missing cases. 
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cases). About one-half of the post-harvest data sets contained scenes 1 

year following harvest, generally with slash untreated, and the other 

scenes showed the sites 2 years following harvest, generally with piled 

slash. Procedure 2 data are all of the pre-harvest context. The 1980 

procedure 2 da ta include vegetative ground cover canopy es t ima tes, and 

yield 2 data sets, pre-site-P2 (637 cases) and pre-stand-P2 (42 cases). 

Finally, data from both procedures were combined to yield 2 additional 

data sets, pre-site-combined (1200 cases), and pre-stand-combined (81 

cases). 

Eighty-tltlO biophysical variables, all potentially correlated with 

scenic beauty, were measured at procedure 1 sites and available for 

regression analysis. These include 7 groups of variables: (1) 4 land 

variables (e.g., elevation), (2) 7 overstory summary variables (e.g., 

basal Clrea) , (3) 23 variab'les listing numbers of trees per acre by 

species and size class, (4) 10 variables listing grass, forb, and shrub 

weight, canopy, or height, (5) 9 describing ground cover, (6) 4 listing 

number of stumps per acre by size class, and (7) 25 describing downed 

wood volume by size and condition class plus downed \>Jood depth, 

dispersion, and percent slash (Table 4). 

The first 4 data sets are summarized by variable in Tables 34 and 

35 (Appendix C) in terms of mean, standard deviation, and range. Scenic 

beauty (SBE) ranges from -83 to 122, and averages 16, for data set l. 

For data set 2, SBE ranges from -48 to 93, and averages 9. The lower 

mean SBE for data set 2 reflects both the someltlhat arbitrary selection of 

stands which were chosen for reinventory follow'ing harvest and the 



Table 4. 

Name 

SBE 
1. Land 

ELEV 
SLOPE 
ASPECT 

SI 

Variables. 

2. Overstory Summary 
PPBA 
GOBA 
TOTBAc 

CUFT 

r~BF 

CC 
TG 
TS 
EVENc 

3. Number of trees 
per acre 

PP1, Gal, aT! 
PP14, G014, OT14 
PP4, (104, 0T!4 
PP59, G059 
PP912, G0912 
PP1216, G01216 
PP1620, G01620 
PP2024, G02024 

Descriptiona 

Scenic beauty estimate 

Elevation in feet 
Slope in degrees 
Aspect (l=f~at,2=N, 3=NW, 4=NE, 5=W, 6=E, 7=SW, 
8= SE, 9=S) 
Stand site index (Minor 1964) 

Ponderosa pine basal area (square feet per acre) 
Gambel oak basal area (square feet per acre) 

Total basal area (square feet per acre) 
Gross cubic feet 
Thousand board feet gross, Schribner 
Crown canopy percent 
Tree groupingd 

Tree storiese 

Degree of evennessf 

(PP=ponderosa pine, GO=Gambel oak, OT=other 
trees}Y 
< 1. foot ta 11 

1 to 4.5 feet tall 
4.5 feet tall to 4.9 inches dbh 
5 to 8.9 inches dbh 
9 to 11.9 inches dbh 
12 to 15.9 inches dbh 
16 to 19.9 inches dbh 
20 to 23.9 inches dbh 
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Table 4, Continued--Variables 

Name 

3. cont. 
PP2428, G02428 
PP28+, G028+ 
PP516c 

PP16+c 

PP1624c 

PP24+c 

(105+c 

4. Herbage 

PDGR, CCGR, HTGR 
PDFO, CCFO, HTFO 
PDSH,CCSH, HTSH 
PDGRFOc 

PDGFSc 

CCGFSc 

HTMAX 

5. Ground cover 
GCGRAV 
GCCOB 
GCSTONE 
GCBSOIL 
GCLIT 
GCDW 
GCGFS 
GCTREE 
MECH 

Descriptiona 

24 to 27.9 inches dbh 
> 28 inches dbh 
5 to 15.9 inches dbh 
> 16 inches dbh 
16 to 23.9 inches dbh 
> 24 inches dbh 
> 5 inches dbh 

(PD=pounds per acre, CC=canopy cover percent, 
HT=height in inches) 
grass 
forbs 
shrubs 
grass + forbs 
grass + forbs + shrubs 
grass + forb~ + shrubs 
highest of grass, forbs, or shrubs 

(GC = percent ground cover) 
gravel 
cobble 
stone 
bare soi 1 

1 itter 
downed wood 
grasses + forbs + shrubs 
tree 
percent mechanical disturbance 
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Table 4, Continued--Variables 

Name 

6. Stumps 
STUMP<5 
STUMP512 
STUMP1220 
STUMP20+ 

7. Downed wood 

DWVO 
DWV14 
DWV1 
DWV:NS3, NR3, SS3, SR3 
DWV:NS6, NR6, SS6, SR6 
DWV:NS9, NR9, SS9, SR9 
DWV:NS12, NR12, SS12, 

SR12 
DWV:NS20, NR20, SS20, 

SR20 
PCTSL 

FD 
CVDW 

BRUSH 
DHV3+c 

DWVNATc 

DWVSLAc 

m~VTOTc 

Descriptiona 

(STUMP = number of stumps per acre) 
<5 inches in diameter at top 
5-11.9 inches in diameter at top 

12-19.9 inches in diameter at top 
~20 inches in diameter at top 
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(DWV=downed wood volume per acre in cubic 
feet, NS=natural sound, NR=natural rotten, 
SS=slash sound, SR=slash rotten) 
<.25 inches in diameter 
.25 to .9 inches in diameter 
1 to 2.9 inches in diameter 
1 to 5.9 inches in diameter 
6 to 8.9 inches in diameter 
9 to 11.9 inches in diameter 

12 to 19.9 inches in diameter 

>20 inches in diameter 
percent slash for downed wood <3 inches in 
diameter 
fuel depth in feet 
coefficient of variation among the 8 
transects per site 
Number of brush piles per acre 
>3 inches in diameter 
natural of any size 
slash of any size 
total 



Table 4, ~ontinued--Variables 

a See Appendix B for more detail. 
b Examination of the relationship between SBE and aspect 

suggests that SBE increases as ASPECT decreases. 

C Not available for the stepwise solution to the full variable 
set (Table 8) or the factor anaiysis (Table 9). 

d 1 trees in groups with many interlocking crowns, 
2 = some tree grouping but little interlocking of crowns, 
3 very little tree grouping, 
4 no tree grouping, trees evenly spaced (see Patton 1977). 

e 1 
2 
3 = 
4 

f See 

one, 
one but some two, 
two but some three, 
generally three. 
the Stand Structure section for a full description. 
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g In nearly all cases the "other trees" were locust, ~.."hich did not 
have trunks greater than 4.5 feet tall. 
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short-term detrimental effect of harvest. Data set 2 sites average less 

overstory density, more herbage, more stumps, 1 ess natural dm'/ned wood, 

and more slash than data set 1 sites (Appendix C, Table 34). 

Stand Boundaries 

The potential for improvement in stand-based scenic beauty models 

over site-based models can in part be appraised by examining how clearly 

the stand distinction differentiates sites for important variables. 

Partitioning the variance among sites, for selected variables, to within

and between-stand variance, using analysis of variance, provides one way 

of examining this distinction. The percent of the variance accounted for 

by the stand boundary distinctions, for selected variables and data sets, 

is presented in Table 5. Interestingly, the stand boundary distinction 

accounts for more variance in SBE than for any other variable, although 

the stands were, of course, delineated on aerial photographs without 

consideration for scenic beauty. This suggests that scenic beauty 

summarizes, to a certain extent, the biophysical variables upon which the 

stands were actually delineated. It also suggests that stand-level data 

should provide a good basis for scenic beauty models. 



Table 5. Significance of Stand Boundaries for Pre-harvest Conditions 

Analysis of Variancec 
Stands 

Number Standard e 

Variablea Setb Number of Sites Mean Deviation Fd eti 

SBE 7 82 1208 18.5 32.4 14.5 .51 
CC 7 83 1245 48.4 27.9 8.5 .37 
TOTBA 7 83 1245 120.9 65.2 12.3 .46 
CUFT 7 83 1245 2053.9 1265.0 13.2 .48 
BDFT 7 83 1245 7800.0 5606.1 12.4 .47 
PDGFS 1 24 360 86.3 85.7 9.3 .39 
CCGFS 1 24 360 15.9 14.9 9.6 .40 
CCGFS 5 43 645 13.4 8.8 6.5 .31 
HTGR 7 83 1245 8.6 5.1 9.3 .40 
DWWTOT 1 24 360 12.5 9.4 5.4 .27 
m'aHOT 5 43 645 7.1 12.5 3.4 .19 
GCBSOIL 7 83 1245 4.5 8.8 6.6 .32 
GCLIT 7 83 1245 76.2 16.3 9.0 .39 
GCDW 7 83 1245 4.2 4.5 6.4 .31 
GCGFS 7 83 1245 1.6 2.2 5.3 .27 
GCTREE 7 83 1245 .7 1.5 2.0 .12 
GCROCK 7 83 1245 12.9 13.7 10.6 .43 

a See Table 4. 
b See Table 3. 
c Compares within-stand variation, represented by sum of squares within (SSW) to between-stand variation (SSB), where 

total variation (SST) = SSW + SSB. 
d All F-ratios are significant at <.0001 level, rejecting the null hypothesis of no significant difference between 

stands. 
e eta2 

= SSB/SST, and represents the proportion of the total variation accounted for by the stand boundary distinction. 

~ 
w 



CHAPTER 6 

BIVARIATE RELATIONSHIPS WITH SBE 

In this section, first the associations between SBE and. 

biophysical variables are examined in terms of Pearsori correlation 

coefficients, and then the strength of non-linear relationship between 

SBE and selected variables is tested. 

Linear Relationships between SBE and Biophysical Variables 

It is recognized that the examination of correlations betlt/een 

variables merely indicates association, and provides no concrete evidence 

for conclusion of causation. Nevertheless, information about bivariate 

association can be useful in understanding relationships and is vital as 

a first step toward development of a theory of near-view forest scenic 

beauty. 

All independent variables in Table 4 can safely be considered 

continuous except aspect (ASPECT), degree of eveness (EVEN), tree 

grouping (TG), and tree stories (TS). ASPECT varies discretely from 1 to 

9, EVEN from 1 to 10, and TG and TS from 1 to 4. 1\ lthough the 

progression from low to high for each variable reflects a systematic 

increase in a specific forest characteristic, these variables are not 

strictly appropriate for analysis It/ith parametric statist.ics. Because 

they are analyzed herein with the same parametric methods as the other 

variables, results regarding these variables must be regarded with 

caution. 
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The associations discussed in the following subsections are based 

upon Pearson correlation coefficients significant at the .05 probability 

level for data sets 1 and 2, \'Jhich contain site-level pre- and 

post-harvest cases, respectively (Appendix C, Table 34). 

Land 

Increases in scenic beauty (SBE) for both data sets were 

associated with decreases in slope (SLOPE) and site index (SI) and 

movement from a southerly to northerly aspect (ASPECT). Slope and site 

index are strongly positively correlated, such that the effect of each 

tends to reinforce the other. Both slope and site index are positively 

correlated with number of pulp- and intermediate-sized ponderosa pine 

(PP516, PP1624), pine basal area (PPBA), overstory crown canopy (CC), and 

small diameter downed wood (DWVO), all of which are also negatively 

correlated with scenic beauty. In addition, slope and site index are 

negatively correlated with number of large ponderosa pine (PP24+), which 

is positiv'ely correlated \,/ith scenic beauty. In other words, more rapid 

tree height growth is generally found on steeper slopes (generally at 

higher elevation) where stands are denser because of the abundance of 

pulp- and small sawtimber-sizE~d trees. These stands tended, in Woods 

Canyon and Bar-M Watersheds, to have more small diameter downed wood, 

fewer mature pine trees, and 10\'fer scenic beauty. 

Movement from a south to north aspect is associated with increasps 

in herbage weight (PDGFS), canopy (CCGFS), and height (HTMAX) and \'1ith 

decreases in numbet' of pulp- and intermediate-sized pine, pine basal area 



76 

and crown canopy, and small downed wood on pre-harvest sites. All these 

changes are associated with increases in scenic beauty. 

Overstory Summary 

For pre-harvest sites (data set 1), increases in scenic beauty are 

associated with decreases in ponderosa pine basal area, cubic feet of 

timber (CUFT), and overstory crown canopy, which are in turn all strongly 

positively intercorrelated. Pine basal area and crown canopy are both 

positively correlated with number of pulp- and intermediate-sized pine 

(PP516, PP1624) and volume of small diameter downed wood (DWVO, DWVl), 

all of which, except PP1624, are strongly associated with decreasing 

scenic beauty. In addition, pine basal area is negatively correlated 

with herbage amounts and heights, which are strongly positively 

associated \'Jith scenic beauty. Furthermore, both pine basal area and 

crown canopy are negatively correlated with number of large pine (PP24+), 

\'Ihich is positively associated with scenic beauty. These findings 

support those of Rutherford and Shafer (1969) and Daniel and Boster 

(1976), cited in the Literature Review chapter. 

Increases in pre-harvest scenic beauty are also associated \'Jith 

increases in Gambel oak basal area (GOBA) and decreases in tree grouping 

and degree of interlocking crowns (TG). Decreases in tree grouping are 

positively correlated with amount and height of herbage, which enhance 

scenic beauty, and negatively correlated with pine basal area, numbers of 

pine saplings (PP4) and pulp and small sa\\ltimber (PP516), and small 

diameter downed wood (DWVO), which in turn are all negatively correlated 

with scenic beauty. These associations with tree grouping suggest that 
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stands of less tree grouping are more open stands where more herbage 

grows. This again supports the findings of Rutherford and Shafer (1969) 

and Daniel and Boster (1976). 

For the post-harvest sites (data set 2), there are no strong 

correlations bet\veen SSE and most overstory summary variables. Only oak 

basal area is clearly (positively) associated with scenic beauty. It is, 

however, interesting to note the lack of a strong negative effect of pine 

basal area, crown canopy, and tree grouping on scenic beauty where most 

of the cases involve recently harvested sites. This mix of cases is 

similar to that used by Arthur (1977), who concluded that tree density 

and basal area were positively related to scenic beauty. 

Trees 

I ncreas i ng numbers of trees from 0,1 to 20 inches dbh are 

associated with decreasing pre-harvest scenic beauty (Appendix C, Table 

34). However, because all cases from which this relationship was derived 

had trees of some size present (the minimum basal area was 20 square feet 

per acre), we cannot conclude that the complete lack of trees of these 

sizes is preferrab 1 e to a small number of such trees. Rather, we 

conclude that, given the mix of pre-harvest conditions on the study area, 

small numbers of small and intermediate-sized pine trees are pl'eferred to 

large numbers. 

The negative correlations of numbers of small and 

intermediate-sized ponderosa pine to scenic beauty for the post-harvest 

sites (data set 2) are not as strong as those for the pre-harvest sites. 

However, in general, they suggest that increasing numbers of pine trees 
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up to 16 inches dbh are associated with decreasing scenic beauty. For 

both data sets, however, increasing numbers of pine trees 24 inches dbh 

and greater are clearly associated with increasing scenic beauty. 

As already mentioned, for both data sets, increasing numbers of 

intermediate-sized pine are positively correlated with timber density, 

crown canopy, and small diameter do\'Ined wood (DWVO) and negatively 

associated with amount of herbage. In addition, number of mature pine 

(PP24+) is negatively correlated with downed wood of most size 

categories, as well as with number of intermediate-sized pine. All these 

relationships tend to reinforce the positive effect of mature pine, and 

negative effect of small and intermediate-sized pine, on scenic beauty. 

These findings support those of Klukas and Duncan (1967) about the 

preference for mature pine stands with clear understory, as well as the 

conclusions of Arthur (1977), Brush (1979), and Schroeder and Daniel 

(1981) about the preference for large trees and negative effect of 

increasing numbers of small trees. 

All significant correlations for both data sets, regarding numbers 

of Gambel oak per acre suggest a positive relationship I'Jith scenic 

beauty. Schroeder and Daniel (1981) also found number of Gambel oak to 

be positively correlated with scenic beauty. 

Herbage 

All measures of grasses, forbs, and shrubs are strongly, 

positively correlated with scenic beauty for both data sets, with the 

exception of low positive correl~tions between scenic beauty and forb 

'deight and height for the post-harvest sites. Herbage amounts are 
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generally lower in the .denser timber stands, pdncipally because of 

competition for light and moisture. Both Arthur (1977) and Schroeder and 

Daniel (1981) reported positive contributions of herbage weight to scenic 

beauty. 

Percent Ground Cover 

For the pre-harvest sites, percent bare soil (GCBSOIL) and percent 

herbage (GCGFS) were positively correlated to scenic beauty, \'Jhile 

percent 1 itter (GCLIT) \'Jas negatively correlated to scenic beauty. 

Percent ground cover in herbage is closely re 1 a ted to other herbage 

measures. However, it is not intuitively obvious why bare soil would be 

positively associated with scenic beauty. The probable reason behind 

this relationship comes to light when we note that percent bare soil is 

positively correlated ~ith grass amount (PDGR, CCGR, and HTGR) and 

negatively correlated with number of intermediate-sized pine (PP516), 

pine basal area (PPBA), and numerous downed wood variables. Similarly, 

percent litter cover, which is probably not inherently displeasing, is 

positively correlated ... lith pulp- and intermediate-sized pine (PP516, 

PP1624), pine basal area, crm'Jn canopy (CC), and small downed wood (DWVO, 

DWV1). 

For the post-harvest sites, percent ground cover in herbage is 

again positively correlated with scenic beauty. HO\,/ever, the 

relationships of pet'cent bare soil and litter to scenic beauty are 

reversed from the pre-harvest situation. The negative correlation of 

percent bare soil to scenic beauty on post-harvest sites is probably 

related to the strong positive relationships of bare soil to mechanical 
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ground disturbance (MEeH) and the percent of the small downed wood which 

is slash (PCTSL), both of which are strongly negatively correlated to 

scenic beauty. Harvest and slash piling both involve mechanical scraping 

of the ground and an increase in the amount of exposed soil. 

Stumps 

Stumps generally have a very small negative correlation with SBE 

on pre-harvest sites. For the post-harvest sites, stumps were negatively 

correlated with scenic beauty, but this is perhaps partially the result 

of the association of number of stumps with other harvest related 

effects, such as increased amounts of downed wood, mechanical 

disturbance, and decreases in herbage amount. 

Dm·med Wood 

All significant correlations between do~med wood volumes and 

scenic beauty, fot' both data sets, are negative. Percent of the small 

downed I'lood which is slash (PCTSL) is also negatively correlated ~/ith 

sceni c beauty, especi ally for the post-harvest sites. A measure of the 

distribution of downed wood (CVDW) was not significantly correlated to 

scenic beauty, but number of brush piles (BRUSH) are clearly negatively 

correlated to scenic beauty. These findings corroborate those of Arthur 

(1977) and Schroeder and Daniel (1981) that increasing dm·med wood 

amounts and piling are not preferred. 

Non-linear Relationships between SBE and Biophysical Variables 

Cohen and Cohen (1975, p. 243) state II ••• it is a fundamental law 

of psychophys i cs that cons tant increases in the size of a phys i ca 1 
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stimulus are not associated ~/ith constant increases in subjective 

sensation." Fechner suggested that a logarithmic function best measures 

this relationship (Guilford 1954), while Stevens (1975) suggested a power 

function. Buyhoff and Wellman (1980) tested these functions, plus an 

exponential function, and found that the log function gave the best fit 

for regression of the proportion of visible area of color photographs in 

specific landscape dimensions on perceived scenic quality. 

Plots of SBE versus biophysical characteristics were examined for 

data sets 1-6. Plots for data sets 1 and 3, \'!hich contain only 

pre-harvest data collected using inventory procedure 1, exhibited the 

clearest non-linear relationships. Alternative functional forms \'/ere 

compared for 5 variables which exhibited non-linear relationship with SBE 

in data set 1. The exponential (SBE = boeblx) and power (SBE = 

boXbl) forms gave a poorer fit to the data based on regress i on 

F-ratio and correlation of predicted to actual SBE, than did the linear 

form far most variables (Table 6). However, an improvement in fit, over 

the linear form, was obtained with the log form (SBE = bo + b1 log X) 

for 4 of the 5 variables. While this suggests that Fechner's claim is 

superior to Steven's for scenic beauty judgements of timber stands, the 

evidence is weak. The largest increase in R2 of the log form over the 

linear form is only from .34 to .38 for PDGFS. Buyhoff and Wellman 

(1980) showed much larger increases for vista scenes. 

The quadradic form SBE = bo + b1 + b2X2 is compared with 

the other forms in Table 6. Gi ven the nature of the curves, the 



Table 6. Four Functional Forms of the Relationship between SBE and Selected Biological Vari~bles (X) 
for Data Set 1 

Variable Functional Equation (SBE = ) R 
2b 

F-ratio 
Form 

PPBA lin!1ar 42.62-.21X .14 52 
log 132.60-24.82 10gX .14 56 
exponential 22.87 e-·0083X .14 32 
power 844.72X-· 99 .12 35 
quadradic 51.46-.36X+.005X2 .14 27 

PDGFS linear -7.63+.29X .34 174 
log -67.55+21.001 10gX .38 205 
exponential 2.81 e· 01X .15 132 
power .20X· 93 .35 151 
quadradic -18.17+.54X-.0009X2 .39 104 

CCGFS linear -8.83+1.57X .42 240 
log -38.39+23.38 10gX .44 262 
exponential 2.70 e· 07X .15 169 
pO\~er • 7lX1. 04 .41 194 
quadradic -21.47+3.16X-.03X2 .48 151 

HTMAX linear -19.66+3.58X .38 202 
log -53.99+33.31 10gX .40 216 
exponential 1.69 e· 16X .07 143 
power .37X1.47 .31 157 
quadradic -37.19+6.73X-.10X2 .43 123 

DHVTOT 1 i near 27.78-90.29X .06 22 
log 72.49-8.22 10gX .04 13 
exponential 13.73 e-·00041X .05 19 
power 70.73X-· 32 .02 8 
quadradic 26.40-.007X+.0000005X2 .06 11 

a Natural logs. 

b Squared Pearson correlation of predicted versus actual. 0:> 
N 



quadradic form describes the relationships as well as possible. The 

biggest improvement in R2 is from .42 to .48 for CCGFS. 

For the variables which showed the clearest non-linear 

relationships with data set 1, the relationship was modeled using the 

quadradic form 

SBE = b + b X + b Xn 012 
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where X represents the independent variable and n is 0.5, 0.75, 1.5, or 

2.0. For an n of 2.0, the addition of the non-linear term was a 

significant improvement for 8 variables (Table 7). The variables 

represent either weight, height, or canopy of herbage. All relationships 

depict SBE increasing, but at a decreasing rate, as herbage increases, 

with increase in SBE approaching 0 at the upper range. 
') 

In all cases, an n of less than 2.0 gave higher RL than those 

shown in Table 7. For most variables, an- n of less than 1.0 (0.75 or 

0.5) gave the highest R2. With the smaller exponents, the curve did 

not peak within the range of the data for the independent variable as the 

curve did for an n of 2.0. Figure 4 is typical of the curves for all 8 

variables. It depicts the following relationship of SBE and CCGFS: 

SBE = 36,82 - 3.34 CCGFS + 14.31 CCGFS .75. 

This form is slightly more significant (F 155) than the relationship 

reported in Table 6 (F = 151). The curve in Figure 4 peaks at a value 

for CCGFS of 110 where SBE is 82, which is only slightly higher than the 

SBE value (79) at the high range of the data for CCGFS (81). 

Three summary downed \'-Iood variables showed a slight non-linear 

relationship with SBE for data set 1. SBE decreases at a decreasing rate 



Table 7. Linear and Quadradic Relationships of Selected Biological Variables with SBE for Selected 
Variables, Oata Set 1 

Variable 
SBE = bo + bl X SBE = bo + b~X + b2X2 

2a 
Fb 2a F-ratio 

(X) R R 

b d b d 
c 1 2 eqn. 

POGR .16 61 .17 34 45 7 
POFO .26 117 .31 73 98 22 
POSH .11 39 .12 22 22 6 
PDGFS .34 174 .39 104 88 23 
CCGR .21 87 .23 48 45 8 

CCFO .32 153 .36 93 92 22 
CCGFS .42 240 .48 151 136 36 
HTFO .30 141 .31 75 43 7 

a Coefficient of determination. 
b F-ratio for the equation. An F-ratio of approximately 3.86(6.70) is traditionally considered to 

be significant at the .05(.01) probability level. 
c F-ratio for the equation. An F-ratio of approximately 3.02(4.66) is traditionally considered to 

be significant at the .05(.01) probability level. 
d F-ratio assuming the other variable has already entered. An F-ratio of approximately 3.86(6.70) 

is traditionally considered to be significant at the .05(.01) probability level. 
co 
.j::> 
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as DWVNAT, DWVSLA, and DWVTOT increase, but the addition of non-linear 

terms did not significantly improve the explanation of variance in SBE. 

Herbage variables did not exhibit obvious non-linear relationships 

for procedure 2 or post-harvest data sets. For procedure 2 data," this is 

probably because herbage, which is highly variable from one point to the 

next, was less intensively sampled than undel" procedure 1. For 

post-harvest data sets, the relationship between SBE and herbage 

variables is considerably weaker than it is for the pre-harvest sites, 

probably because harvest tends to disturb vegetative ground cover and 

introduces slash which obstructs the view of the ground cover and is more 

visually obvious than ground cover in many cases. 

It is of considerable interest that 48 percent of the variance in 

SBE of pre-harvest sites can be explained by knm'ling only the combined 

canopy of grasses, forbs, and shrubs, and that 43 percent of said 

variance can be explained by merely knowing the maximum herbage height 

(Table 6). For pre-harvest conditions at the stand level (data set 3), 

these percentages increase to .67 and .79, respectively. While we can 

infer from this that herbage makes an important contribution to 

pre-harvest scenic beauty, we cannot conclude that increases in herbage 

are essential to high scenic beauty. The fallacy of such logic is in 

part seen by examining the relationships between herbage variables and 

other biophysical characteristics which are also highly correlated with 

SBE. For example, the correlations between CCGFS in data set 3 with 

GOBA, TG, TS, PP4, and DWVO are .46, .69, -.39, -.31, and -.50, 

respectively. Thus, highel' CCGFS is associated, as SBE is, with 
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increases in oak, with more open, single storied stands without clumps of 

pine saplings, and with the lack of fine downed wood. Without examining 

the relationship between SBE and CCGFS for subsets of the data cases 

which have been constrained to specific ranges of these other variables, 

we can only conclude that herbage, as well as these other 

characteristics, all contribute in unison to enhance scenic beauty. 



CHAPTER 7 

MODELS OF NEAR-VIEW SCENIC BEAUTY 

Introduction 

Stepwise regression of all 84 variables (Table 4) on SBE for data 

set 1 ~IaS used to provide an indication of the degree to which the 

variance in SBE for pre-harvest sites could be accounted for, and an 

initial indication of the relative importance of the variable groups. 

Using an F-to-include of 4.0 produced a model of 15 independent variables 

(Table 8). The model is highly significant and accounts for 62 percent 

of the variance in SBE. 

At least 1 variable from each of the 7 groups entered the model, 

except for the stumps group, 'tJhich did not enter. By far the most 

important variable in the equation is the herbage height variable HTMAX, 

which entered first (R2 was .38 for the first step) and had the highest 

beta and F-ratio of all variables at the final step (Table 8). The signs 

of all coefficients are consistent with the simple correlations of the 

variables with SBE. 

Coconino National Forest Model 

Schroeder and Daniel (1981) reported the first site-level model 

for ponderosa pi ne, a model of 5 independent va ri ab 1 es exp 1 a i ni ng 60 

percent of the variance in SBE, based on 36 sites located throughout the 

ponderosa pine type on the Coconino National Forest and representing the 

full range of conditions, from virgin to recently harvested and 
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Table 8. Stepwise Solution for Full Variable Seta 

Variable 
Category 

Land 
Overstory Summary 
Tree 

Herbage 

Ground Cover 

Downed Wood 

Variable 
Name 

ASPECT 
TG 
PP4 
PP28+ 
G059 
G028+ 
CCGR 
HTMAX 
GCCOB 
GGSTONE 
GCBSOIL 
BRUSH 
MECH 
DWVO 
DWVNR3 

-3.35 
6.29 
-.01 
2.47 

.12 
7.25 

.85 
2.16 
-.74 
1.11 

.93 
.:..37 
-.28 
-.54 
-.04 

F 

-.22 30.65 
.16 16.70 

-.09 5.71 
.14 15.23 
.13 11.95 
.12 11. 78 
.13 10.28 
.37 83.48 

-.12 8.22 
.13 11.65 
.16 16.18 

-.10 5.99 
.08 4.53 

-.09 4.34 
-.10 6.33 

a Eighty-four original (non-aggregated) variables were available 
at an inclusion/delet~on level of F = 4.0 in2data set 1. N = 333, 
F(15,317) = 36.56, R = .63, and adjusted R = .62. 

b Regression coefficient. 
c Standardized regression coefficient. 
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intensively managed. Their model accounts for only 42 and 16 percent of 

the variance in SBE for site-level data sets 1 and 2, respectively (Table 

9). Inspection of the beta weights (standardized regression 

coefficients) for all 3 equations of Table 11 shows that the herbage 

variables (PDGRFO and POSH) are important in all cases, but that the 

ponderosa pine and downed wood variables Schroeder and Daniel used are 

perhaps not the best ones to include for data sets 1 and 2. For example, 

PP16+ contributes very little to the data set 1 equation, while PP516 

contributes very little to the data set 2 equation. 

Variable Selection 

A model of fewer variables than the full data set model of 15 

variables (Table 8), and a model of more intuitive appeal, was needed. 

Factor analysis was used in an initial attempt to isolate variables which 

could be combined so as to meet this need. Factor analysis of the 84 

independent variables for data set 1 shows that several factors are 

needed to account for the variance among the independent variables for 

,the site-level data. The 12 most important factors accounted for only 50 

percent of the variance, and 47 factors were needed to account for 90 

percent of the variance (Table 10). 

Varimax rotation of the factor matrix yields numerous 

distinguishable factors. All but one of the first 18 are obvious (Table 

10). Subsequent factors either focus on individual variables or have no 

clear distinguishing characteristics in terms of the 84 variables. 

The factor analysis suggests the follov/ing combinations of 

variables: grass and forb weight (factor 1, Table 11), rotten slash 



Table 9. Coconino National Forest Model a 

Statistics of Fit and Prealction ------ -- -·TnOejJeridenT-VarlaDTes 

Data Regression f 
Set Model S. E.b F(dfn, dfd)c Prob. d R2e Adj R2 Constant PP516 PPI6+ PDGRFO POSH DWVSLA 

g 

1 

2 

stepwise 19.63 7.27(6,26) <.001 .60 

standard 27.34 47.95(5,327) <.001 .42 

standard 29.42 4.35(5,114) .003 .16 

a From Schroeder and Daniel (1981, Table 1). 
b Standard error of the estimate. 

.52 3.43 

.41 11.71 

.12 1.48 

-.0795h .3503 .0808 
_.35i .15 .54 

5.41j 1.23 19.59 
-.0605 -.0178 .1791 
-.24 -.01 .42 

28.93 0.02 86.85 
-.0102 .5525 .0586 

-.03 .16 .19 

0.14 3.04 4.56 

C F-ratio, degrees of freedom for numerator, degrees of freedom for denominator. 
d Probability. 
e Coefficient of determination. 
f Adjusted coefficient of determination. 
g 36 sites located throughout the Coconino National Forest. 
h Regression coefficient. 

Standardized regression coefficient (beta weight). 
j F-ratio. ' 

.6180 -.0160 

.32 -.27 
5.61 4.57 

.3522 -.0054 

.27 -.11 
41.10 6.29 

.1984 -.0117 

.16 -.20 
3.01 4.31 

~ ...... 



Table 10. Amount of Variance Accounted for by Factors for Factor Analysis 
of Data Set 1 

Number of Factors Accumulative Percent of Variance 

1 12 

3 24 
5 32 

8 40 

12 50 

18 60 

25 70 
35 80 

47 90 

78 100 

92 



Table 11. Factor Interpretation 

Factor 

1 

2 

3 
4 

5 

6 

7 
8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 

Important Variablesa 

PDGR, CCGR, PDFO, CCFO, 
HTGR, HTFO 
PPBA, CUFT, BOFT, PP1216, 
PP1620 
POSH, CCSH, HTSH 
OWVSR3, OWVSR6, OWVSR9, 
OWVSRR, OWVSR20, OW 
OWVNR3, OWVNR6, OWVNR9, 
OWVNR12, STUMP512 
G059, G0912, GOR16, G01620, 
GOBA 
DWVO, OWVNS3, OWVNS6, FO 
GRAV, BASOIL (LIT) 
OTl, OTl4, OT4 
COB, STONE (LIT) 
PP2024, PP2428 
STRU, EVEN 
PP4, PP59, PP912 
PP1, PPI4, PP28 

ELEV, ASPECT(MECH) 
TS(TG) 
G02024, G02428 
GOI4, G04 

Description 

herbage 

pine volume 

shrubs 
rotten slash 

rotten natural downed wood 

oak volume 

small sound downed wood 
bare soil vs needle cover 
locust 
rock vs needle cover 
large pine 
unevenness of pine stand 
saplings and poles 
overmatu re pi ne with seedl i ng 
understory 
? 
stand complexity 
large oak 
oak seedlings and saplings 

Percent of -Cu-lTlul ative 
Variance Percent of 

Variance 

11.7 

7.0 

5.3 
4.4 

3.6 

3.1 

2.8 
2.7 
2.6 
2.3 
2.0 
2.0 
1.9 
1.8 

1.8 
1.7 
1.6 
1.6 

11.7 

18.7 

24.0 
28.4 

32.0 

35.1 

37.9 
40.6 
43.2 
45.5 
47.6 
49.6 
51.5 
53.3 

55.0 
56.7 
58.3 
59.9 

a Variable is parantheses correlated negatively with others of its factor. 

<..0 
W 
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volume (factor 4), oak from 5 to 20 inches dhh (factor 6), and pine from 

.01 to 12 inches dbh (factor 14). The combinations suggested by the 

factor analysis gave direction to the variable simplification effort, hut 

it was only a starting point. Many additional combinations of variables 

were tested using regression before the final set of variables, to be 

us~d in the regression models presented below, were chosen. 

Basic Model--Site-level Data 

Schroeder and Daniel (1981) used only overstory stand table, 

herbage weight, and downed wood volume variables in their ponderosa pine 

model. This basic information was re-organized into the most promising 

variables for data set 1. The re-organization was based on a compromise 

between explanation of SBE, as measured by improvement in coefficient of 

determination, and likelihood of data availability. The resultant 

independent variable set includes six variables, called the "basic" 

variable set: PP4, PP516, PP1624, PP24+, PDGFS, and DWVTOT (Table 12). 

For data set 1 (first equation of Table 12) the basic variable set model 

explains 43 percent of the variance in SBE and includes one clearly 

insignificant variable (PP1624). 

A stepwise solution based on the same 6 variables plus the squares 

of those variables explains 46 percent of the variance in SBE and has R 

slightly lower standard error (equation 2, Table 12). Examination of 

bivariate relationships showed that other exponents more accurately 

depicted the effect on SSE of some independent variRbles, but squared 

terms were used for convenience. Variables PP4 and PP1624 did not enter 

the stepwise equation. The improvement of the stepwise over the standard 



Table 12. Basic Models. 

Statistics of Fit and Prediction 

Data Regression 
Set Procedure S.E. F(dfn, dfd) Prob. R2 AdjR2 Constant PP4 

Standard 27.20 40.40(6,326) <.001 .43 .42 10.83 -.0081a 

_.oab 

3.22c 

Stepwised 26.73 56.66(5,327) <.001 .46 .46 -.82 

2 Standard 28.67 5.00(6,113) <.001 .21 .17 -1.45 -.0314 

-.23 
5.78 

2 Stepwised 28.72 6.85(4,115) <.001 .19 .16 5.49 -.0255 
-.19 
4.79 

3 Stepwised 14.29 23.06(2,20) <.001 .70 .67 -32.47 

4 Stepwised 18.98 4.19(1,11) .065 .28 .21 -1.37 

5-8 NAe 

a Regression coefficient. 
b Standardized regression coefficient. 
c F-ratio. 

d Squares of the 6 basic variables also available. 

e Not applicable. 

PP515 

-.0431 
-.17 

13.03 
-.0373 

-.15 
10.63 

.0397 

.13 

1.88 

Independent Variables 

PP1624 PP24+ PDGFS DWVTOT PDGFSSQ 

-.1062 1.0440 .1988 -.0043 
-.03 .11 .50 -.12 
0.64 6.57 124.03 7.10 

.9658 .3286 -.0040 -.0002 

.11 .82 -.11 -.37 
6.05 123.70 6.79 26.97 

.2555 2.7405 .0711 -.0074 

.07 .26 .24 -.18 

.61 8.19 7.72 4.39 
2.4667 .0644 -.0076 

.24 .21 -.19 
7.45 6.51 4.64 

4.6999 .3806 

.32 .76 
6.64 37.95 

5.2528 
.53 

4.19 

~ 
(J1 
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equation resulted from the inclusion of the square of herbage weight 

(PDGFSSQ) . 

All signs in both the standard and stepwise models reflect the 

signs of the simple correlations of each independent variable with SBE. 

PP4, PP516, PP1624, DWVTOT, and PDGFSSQ contribute to decreases in SBE 

while PP24+ and PDGFS contribute to increases in SBE (Table 12). Only 

the sign of PP1624 is perhaps not intuitively reasonable. In fact, the 

16- to 20-inch dbh ponderosa pine are negatively correlated with SBE 

while the less numerous 20- to 24-inch dbh pine are positively correlated 

with SBE. In any case, PP1624 has little (standard regression) to no 

(stepwise regression) effect on the dependent variable, and if PP1620 and 

PP2024 are included separately, neither enters the stepwise solution. 

The model of basic variables accounts for only about 20 percent of 

the variance in SBE of data set 2 (Table 12). Signs of PP516 and PP1624 

in the standard model are positive, but neither variable enters the 

stepwise solution. The change in sign of PP516 and PP1624 from negative 

with the pre-harvest data set 1, to positive with the post-harvest data 

set 2, suggests that the contribution of trees of those sizes to scenic 

quality increases as stand density is reduced. 

Equation forms involving logs were used with the basic variable 

set on data set 1. Using the log of the dependent vRriable with 

'untransformed independent variables reduced R2 by 5 points. Using the 

logs of the independent variables with an untransformed dependent 

variab"le reduced R2 by 3 points. And when all variables are 

transformed to logs, R2 was reduced by 10 points. 



Additions and Changes to the Basic Model--Site-level Data 

Several sets of variables were separately ~.dded to the basic 

variable set. In addition, some new variables were substituted for 

similar variables in the basic model. Stepwise regression was used 

throughout. The squares of most variables were available, as noted by 

footnotes to Tables 13 to 24. 

Topography 
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The additional availability of aspect (ASPECT) and slope (SLOPE) 

for data set 1 improves R2 by 4 points (from .46 to .50) and has little 

effect on the standard error of the estimate (Tables 12 and 13). The 

model includes ASPECT and PP4, plus all the variables of the basic 

stepwise solution, with all of variables carrying their expected sign. 

The topography variabl~s make no improvement to the data set 2 model. 

Site Index and Overstory Density 

The additional availability of site index (SI), pine basal area 

(PPBA), and crown canopy (CC) does not improve the data set 1 model, but 

improves R2 by 5 points (from .19 to .24) for data set 2 (Tables 12 and 

14). SI and CC substitute for DWVTOT, with SI having a negative sign. 

As described above, the negative relationship of SI to SBE for the 

post-harvest data set most likely reflects the increasing amounts of 

downed wood and other harvest effects created on areas of higher site 

index. 



Table 13. Stepwise Solution of Basic Variables plus Aspect and Slopea 

Statistics of Fit and Prediction 

Data 
Set S. E. F(dfn, dfd) Prob. R2 AdjR2 Constant PP4 

1 25.73 47.70(7,325) <.001 .51 .50 18.17 

2 See table 12 

3 See table 12 

4 See table 12 

5-8 NA 

a Squares of 6 basic variables also available. 
b Regression coefficient. 
c Standardized regression coefficient. 
d F-ratio. 

-.0102b 

_.lOc 

5.83d 

PP516 

-.0259 
-.10 
5.29 

Independent Variables 

PP24+ POGFS DWVTOT 

.9099 

.10 
5.78 

.2972 

.74 
103.82 

-.0045 
-.12 
9.06 

ASPECT 

-3.1838 
-.21 

24.45 

PDGFSSQ 

-.0002 
-.34 

23.61 

\.0 
CP 



Table 14. Step~ise Solution of Basic Variables plus Site Index (SI), Ponderosa Pine Basal Area (PPBA), and Crown Canopy 
(CC) 

Statistics of Fit and Prediction . 

Data 
Set S. E. F(dfn, dfd) Prob. R2 AdjR2 Constant 

1 See table 12 
2 27.99 7.18(5,114) <.001 .24 .21 174.31 

3 See Table 12 
4e 12.20 13.37(2,10) .001 .73 .67' 258.09 

5-8 NA 

a Squares of all 9 variables also available. 
b Regression coefficient. 
c Standardized regression coefficient. 
d F-ratio. 
e Limited to two independent variables. 

Independent Variables 

PP4 PP24+ PDGFS SI CC 

-.0298b 2.3935 .0828 -2.5531 .3310 
_.22c .2291 .28 -.23 .20 
6.75d 7.52 10.85 7.88 5.56 

-4.3982 2.0090 

-.66 .67 
15.69 16.02 

'.0 
\.0 
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Stand Structure 

The additional availability of tree grouping (TG), tree stories 

(TS), and degree of evenness (EVEN) does not improve the data set 2 
') 

mode 1, but causes a sma 11 improvement (three-poi nt increase in Rio) in 

the data set 1 model (Tables 12 and 15). This improvement is created by 

the .introduction of TG in the stepwise solutjon. TG has the second 

highest F-ratio (behind only PDGFS) and third highest beta coefficient 

(behind PDGFS and PDGFSSQ) of the 6 variables in the equation, indicating 

its importance among the selected variables and a preference for even 

spacing of trees, which is, of course, not characterized by merely 

expressing the tree stand in terms of number and density of trees. 

Gambel Oak 

The additional availability of the number of Gambel oak trees 5 

inches dbh and greater (G05+) does not improve upon the basic model for 

data set 1, but causes a slight improvement (one point increase in R2) 

in the model for data set 2. This improvement is caused by the 

substitution of G05+ for DWVTOT in the stepwise solution, a change about 

which a rationalization will not be hazarded. 

Ground Condition 

The additional availabil ity of percent ground cover variables 

(GCGRAV, GCCOB, GCSTONE, GCBSOIL, GCLIT, GCWD, GCGFS, GCTREE), number of 

stumps per acre (STUMP<5, STUMP512, STUMPI220, STU~lP20+), percent 

mechanical disturbance (MECH), and number of brush piles (BRUSH) causes a 

5 point increase in R2 (from .46 to .51) above the basic model for data 



Table 15. Stepwise Solution of Basic Variables plus Tree Grouping (TG), Tree Stories (TS), and Degree of Evenness (EVEN)a 

Statistics of Fit and Prediction 

Data 
Set S. E. F(dfn. dfd) Prob. R2 AdjR2 Constant PP4 

1 26.03 53.00(6,326) <.001 .49 .48 -15.58 

2 See Table 12 
3 11.18 22.50(4,18) <.001 .83 .80 -10.68 

4 15.60 6.23(2,10) .017 .55 .47 n.97 -.1051 

5-8 NA 

-.51 
4.96 

a Squares of the basic 6 variables also available. 
b Regression coefficient. 
c Standardized regression coefficient. 
d F-ratio. 

PP516 

-.0271b 

_.11c 

5.70d 

Independent Variables 

PP24+ PDGFS DWVTOT TG TS PDGFSSQ" 

.9908 .2886 -.0041 7.37 -.0002 

.11 .72 -.11 .19 -.32 
6.72 91.03 7.50 19.05 20.21 

5.2536 .n08 -17 .24 -.0019 
.35 1.54 -.43 -.88 

11.17 18.94 13.98 5.82 
-19.36 

-.79 
11.63 

...... 
o ...... 
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set 1 (Tables 12 and 16). This improvement results from the substitution 

of GCCOB, GCSTONE, GCBSOIL, BRUSH, and DWVTOTSQ for DHVTOT in the 

stepwise solution. GCCOB and BRUSH contribute negatively to SBE, while 

GCSTONE and GCBSOIL make positive contributions. Hhile ground condition 

variables obviously make contributions to the model independently of the 

basic variables, their addition to the model is of small consequence in 

terms of explanation of the variance in SBE for pre-harvest sites. 

However, the additional availability of ground condition variables 

makes a marked improvement in the data set 2 model (Table 16). The 

substitution of GCGFS and MECH for PP24+ and PDGFS causes an increase in 

R2 from .19 to .29 and a decrease in the standard error of estimate 

from 29 to 27 (Tables 12 and 16). The replacement of PDGFS by GCFGS is 

of little consequence because both describe the presence of herbage and 

the beta coefficients of each are very similar. MECH, however, is the 

most significant (F-ratio of 15.45) and meaningful (beta coefficient of 

-.33) variable of the data set 2 equation (Table 16). Its substitution 

for PP24+ is partially explained by the -.21 correlation between PP24+ 

and MECH, suggesting that areas of larger trees received greater ground 

disturbance during harvest or that ground disturbance was more obvious in 

areas of fewer, larger stems. Mechanical ground disturbance has a clear 

negative impact on SSE following harvest. 

Percent Slash 

The additional availability of percent slash (PCTSL) makes no 

change in the data set 1 model, b~t markedly improves the data set 2 

model (Table 17). For data set 2, PCTSL replaces PP24+, which causes 



Table 16. Stepwise Solution of Basic Variables plus Ground Cover (GCGRAV, GCCOB, GCSTONE, GCBSOIL) 
GCLIT, GCDW, GCGFS, GCTREE, MECH~, Stump (STUMP<5, STUMP512, STUMP1220, STUMP20+, 
and Brush Pile (BRUSH) variables 

Statistics of Fit and Prediction tndepend!'nt Variables 

~~. S.L F(dfn,dfd) Prob. R2 AdjR2 Constlnt 

25.12 37.3B(9,323) < .001 .51 .50 .46 

26.87 11.94(4,115) <.001 .29 .27 25.54 

See Tabl. 12 

?82 23.37(2,10) <.001 .82 .79 58.30 

5-8 "A 

a Squares of the baste 6 •• rlables aho ,.,Il.ble. 
b ~e9ress1Dn coefficients. 
C Standardized regreSSion coefficients. 

d F-r.tto. 

PP4 PP516 PP24. POGrs DllVTDT 

-.0337 b 1.0464 .3006 

-.14 c .12 .75 

8.81 d 7.46 105.86 

-.0263 -.0109 

-.19 -.27 

5.74 11.08 

GCCOB GCSlONE GCBSOIL GCGFS 

-.8460 1.2507 .7126 

-.13 .15 .12 

8.80 11.53 B.25 

5.4731 

.23 

7.65 

STUHP20. HECH BRUSH POGFSSr. OWVIOTSQ 

-.4812 -.0002 -.0000008 
-.13 -.32 -.11 

9.35 21.19 6.59 
-.3447 

-.33 

15.45 

-2.8148 -.5273 

-.67 -.62 

25.50 21.87 

...... 
o 
w 



Table 17. Stepwise Solutions of Basic Variable plus PCTSL a 

Statistics of Fit and Prediction 
Data 

R2 AdjR2 Set S.E. F(dfn,dfd) Probe 

1 See Table 12 
2 25.81 15.32(4,115) <.001 .35 .33 

3 See Table 12 
4 11.48 15.74(2,10) .001 .76 .71 

5-8 NA 

a Squares of all variables available. 
b Regression coefficient. 
c Standardized regression coefficient. 
d F-ration. 

Constant 

45.80 

67.77 

Inde~endent Variables 

PP4 PDGFS DWVTOT 

-.0284 b .0469 -.0082 
-.21 c .16 -.20 
7.36 d 4.23 7.02 

-.1079 
-.53 
10.01 

PCTSL 

-.5725 
-.46 

36.58 

-0.8428 
-.91 

29.93 

...... 
o 
.j:::. 
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an increase in R2 from .19 to .35 (Tables 12 and 17). The correlation 

bet\'leen PP24+ and PCTSL of -.40 for data set 2, compared \'Ii th the 

correlation between these variables of -.01 for data set 1, indicates a 

rather strong decrease in the percent of the small dO\'lned wood which was 

slash as the number of large ponderosa pine left after harvest increases. 

PCTSL is by far the most important independent variable of the 

data set 2 equation, with an F-ratio of 37 and beta coefficient of -.46, 

far above the other 3 variables in the equation (Table 17). 

Detailed Downed Wood 

The additional availability of percent slash (PCTSL), plus the 

substitution of dO\'lned wood volume in the 0 to i inch (DWVO), i to 1 inch 

(DWVI4), 1 to 3 inch (DWVl), and larger than 3 inch (DWV3+) categories 

for total downed wood (DWVTOT) improves the models for data sets 1 and 2 

(Table 18). The data set 1 model increases 4 points in R2 (from .46 to 

.50) over the basic model and includes PP4, PP516, PP24+, PDGFS, DWVO, 

DWV3+, and PDGFSSQ. Thus, DWVO and DWV3+ replace DWVTOT, and PP4 enters. 

While the increased detail in which downed wood is described a"ids 

explanation of variations in SBE, the improvement is minor. Howpver, the 

data set 2 model increases in R2 from .19 to .41 with the replacement 

of PP24+ and DWVTOT by D\~VO and PCTSL (Tables 12 and 18). The 

improvement over the data set 2 model of Table 17, with the substitution 

of DWVO for DWVTOT (Table 18), is 6 points in R2, which indicates the 

importance for scenic beauty of small downed wood following harvest. 

This is most likely because the smaller downed wood tends, following 

harvest, to be suspended in the air because it is attached to larger 



Table 18. Stepwise Solution of Sub~titution in Basic Variable Set of Detailed Downed Wood Variables (DWVO, DWV14. DWV1, 
DWV3+. PCTSL) for DWVTOT 

Statistics of Fit anti Prediction Independent Variables 
Con---· p.p 

~rob. R2 AdjR2 stant PP4 516 
Data 
Set S.E. F(dfn.dfd) 

~ 
24+ PDGFS DWVO DHV14 

1 26.01 45.70(7,325) <.001 .50 .49 12.27 -.0089b -.0236 .8231 .2953 -1.0982 

2 24.50 20.91(4,115) <.001 .41 .39 46.84 

3' 12.02 24.81(3,19) <.001 .80 .76 4.35 

4 13.18 20.500,11) .001 .65 .62 51.66 

5-8 NA 

a Squares of all variables available. 
b Regression coefficient. 
c Standardized regression coefficient. 
d F-ratio. 

_.08c -.09 .09 .74 -.18 
4.35d 4.17 4.59 97.46 16.91 
-.0243 .0652 -1.8871 
-.18 .20 -.29 
6.00 7.38 15.41 

3.6079 .2788 -2.2606 
.24 .56 -.38 

5.24 20.35 9.25 
-.3817 
-.81 

20.50 

DWV3+ PCTSL PDGFSSQ 

-.0039 -.0002 
-.10 -.33 . 

6.27 21.53 
-.6448 
-.57 

62.05 

I-' 
o 
Cl) 
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pieces of downed wood, thereby obstructing the view and creating a more 

obvious visual impression than do larger pieces of downed wood, which lie 

closer to the ground. 

Selected Promising Variables 

The additional availability of overstory (TG, TS, CC; PPBA, G05+, 

GOBA) , dm·med wood (PCTSL, FD, BRUSH), ground (MECH), and site (SI, 

ASPECT, SLOPE) variables results in a data set 1 model of 10 variables 
') 

with an RL of .55 (Table 19), which is 9 points above the basic model 

(Table 12) and 4 points above any other data set 1 model presented above 

(see Table 13). The 10 variables in the equation are, in order of 

decreasing beta coefficient, PDGFS, PDGFSSQ, ASPECT, TG, DWVTOT, BRUSH, 

PP24+, G05, PP516, and S1. Only two (PP4 and PP1624) of the basic 

variables are not in this equation. All v~riables have the expected 

sign. ASPECT, TG, and SI tend to summarize the sites. The negative sign 

of ASPECT, as indicated above, indicates that the cooler and moister 

aspects are more aesthetically pleasing. The positive sign of SI 

indicates that sites offering greater growth potential are more pleasing. 

And, finally, the negative sign of TG indicates the stands with more 

evenly spaced trees (less grouping of trees) and lower densities are more 

pleasing. These relationships are difficult to represent with 

measurements of number and volume of individual entities of the scene. 

The data set 2 model (Table 19) is a large improvement over the 

basic variable set model (Table 12), but not an improvement over the 

detailed downed wood model (Table 18), where DWVO was available. The 5 

variables which enter the model, in order of decreasing beta weight, are 



Table 19. Step-illse Solution of Basic Variables plus Overstory (G05., TGA TS, CC, PPBA, GOBA), Downed Wood (PCTSL, ro, 
BRUSH), Ground (MECH). and land (51, ASPECT, SlOPlj Variables 

Statistics of Fit and Prediction Independent Variables 

Data 
Set S.L Fdfn,dfd) PrGb. R2 AdjR2 Constant PP4 PP516 PP24t PDGFS OWVTOT G5' 

24.82 38.60(10,322) <.001 .55 .53 

24.95 14.94(5,114) <.001 .40 .37 

See Table 15 

4e See Table 17 

5-B PIA 

-35.61 

1B6.40 -.0262 

-.19 

6.66 

-.0247b 1.0445 

_.10c .11 

4.9Bd 7.99 

a Squares of basic 6 variables plus PBBA, G05', and GOBA avatlable. 

b Regression coefficient. 

c Standardized regression coefficient. 

d F-ratlo. 

e limited to 2 independent variables. 

.2402 -.0046 .0725 

.60 -.13 .10 

63.88 9.99 6.04 

-.0078 

-.19 

6.57 

TG PCTSl BRUSH 

6.2331 -.449B 

.16 -.12 

14.31 B.75 

-.5165 

-.42 

30.31 

51 ASPECT 

.5740 -3.3045 

.09 -.21 

4.B5 25.23 

-1.8562 

-.17 

5.26 

PDGFSSQ GOBASQ 

-.0002 

-.26 

14.66 

.0061 

.22 

B.92 

...... 
o 
CO 
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PCT5L, GOBA5Q, PP4, DWVTOT, and 51. All 5 have the expected sign. The 

negative sign of 51 probably results from the higher sites receiving more 

harvest activity (5J is positively correlated with MECH and all downed 

wood variables for data set 2). 

Herbage Canopy and Height 

Substitution of herbage canopy (CCGFS) and height (HTMAX) for 

weight (PDGFS) increases R2 from .47 (Table 12) to .54 (Table 20) for 

data set 1. The new model also has 6 variables, listed here in order of 

decreasing beta weight: CCGFS, HTMAX, CCGFSSQ, HTMAXSQ, PP516, PP24+. 

Thus, the four more important variables for pre-harvest sites describe 

herbage. The 7 poi nt increase in R2 over the bas i c model is 1 arge ly 

due to the more visually descriptive measure of the herbage which the 

canopy and height variabl.es provide. 

Only 3 variables remain in the data set 2 model: PP4, PP24+, and 

CCGFSSQ (Table 20). In effect, CCGFSSQ substitutes for PDGFS and DWVTOT, 

and causes an increase in R2 from .19 (Table 12) to .27 (Table 20). 

The low correlation between CCGFSSQ and DHVTOT (-.11) provides no 

indication why DWVTOT did not enter the equation. 

Data set 5 (1980 pre-harvest points) was also subjected to this 

set of variables. Note, however, that 303 of the 636 sites in the data 

set are procedure 2 sites, which received a lighter sample of herbage and 

downed wood than did the remaining 333 procedure 1 sites. The poorer 
? 

estimation of these variables Iilost likely accounts for the low R'- of 

the model (.23, Table 20). The seven variables in the model, in order of 



Table 20. Stepwise Solution of Substitution in Basic Variable Set of Herbage Canopy and Ileight for Weighta 

Statistics of Fit and Prediction 

Data 
R2 AdjR2 Set S.E. F(dfn,dfd) Prob. Constant 

24.72 64.59(6,326) <.001 .54 .53 -26.65 

27.10 14.66(3,116) < .001 .27 .26 -4.9B 

3 10.IB 37.15(3,19) < .001 .85 .83 -29.55 

4 See Table 12 

27.72 26.73(7,629) <.001 .23 .22 -7.84 

21.87 8.72(2,39) .001 .31 .27 

7-8 NA 

a Squares of all variables available. 

b Regression coefficient. 

c Standardized regression coefficient. 

d F-ratio. 

-65.14 

Independent Variables 

PP4 PP516 PP24+ CCGFS HTMAX 

-.0311b 1.0725 1.8470 2.7526 
_.13c .12 .76 .47 

8.75d 8.70 26.55 12.53 

-.0223 2.2038 

-.16 .21 

4.08 6.88 

5.4649 

2.19 

44.13 

- .0802 1.2253 .5740 3.7627 

-.33 .13 .16 .66 

16.65 12.29 14.72 42.59 

15.3423 

2.04 

10.03 

DWVTOT PP512SQ CCGFSSQ 

- .0146 

-.38 

8.73 

.0217 

.41 

26.34 

-.0131 -.0710 

-.2B -1.47 

9.59 9.43 

-.0023 .0001 

-.09 .24 

5.69 9.36 

HTMAXSQ 

-.0414 

-.24 

4.10 

-.1000 

- .51 

28.37 

-.5952 

-1.63 

6.43 

...... ...... 
o 
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decreasing beta coefficient, are HTMAX~ HTMAXSQ, PP516, PP516SQ, CCGFS, 

PP24+, and DHVTOT. The negative coefficient of PP516 and positive 

coefficient and PP516SQ indicate, of course, that the negative effect on 

SBE of the number of 5- to 16-inch dbh ponderosa pine levels off as the 

number of 5- to 16-inch dbh pine increases. 

The models for site-level data sets which account for the most 

variance in SBE are presented in Table 21. These models were derived 

from a variable set similar to that of Table 19 (containing promising 

variables), except that herbage canopy and height were substituted for 

weight.. For data set 1, the model (R2 = .60) has the following 9 

variables, list.ed in order of decreasing beta coefficient: CCGFS, 

CCGFSSQ, ASPECT, HTMAX, PP24+, TG, G05+, BRUSH, and DWVTOT. All these 

variables have entered models previously discussed, and all have the 

expected sign. 
2 The data set 2 model (R =.48) includes the follo\'ling 6 

variables, in order of decreasing b~ta weight: CCGFSSQ, CCGFS, PCTSL, SI, 

DWVTOT and PP4 (Table 21). The last 4 variables have the same signs as 

they did in previous models, but the canopy variables have switched 

signs, resulting in SBE increasing at an increasing rate as CCGFS 

increases. Such a model should, of course, only be used for sites with 

CCGFS falling within the range of the original data. 

Eleven variables remain in the data set 5 model (R2 = .31). In 

order of decreasing beta coefficient~ they are: HTMAX, HTMAXSQ, ASPECT, 

CCGFS, sr, BRUSH, CC, TG, PP24+, DWVTOT, and PCTSL. All these variables 



Tabl e 21. Stepwise Solution of Basic Variables, with Herbage Canopy and Height Substituted for 
Weight, plus Overstory (G05+, TG, TS, CC, PPBA, GOBA)~ Downed Wood (PCTSL, FD, BRUSH), 
Ground (MECH), and Land (sr, ASPECT, SLOPE) Variables 

Statistic. of rtt and Prediction Independent Yarhblu 

Cat. 
R2 AdJR2 MTOT S.t S.E. F(dfn,dfdl Prob. Constant PP4 PP24t eeeFS HTHAI GaS. TS ee peTSL fD BRUSH M£CIl SI A~P[CT CCGFSSQ 

23.10 54.93(9,3231 ..:.001 .60 .59 -11.85 1.2389b 2.0418 1.1084 -.0032 .0779 4.%52 -.3994 -3.0519 -.0208 

.Ut .84 .19 -.09 .11 .13 -.10 -.20 -.54 
14.01d 41.91 10.77 5.66 7.84 1a.22 8.33 27.98 26.95 

2 23.14 17.11(6.1131 <.001 .48 .46 209.98 -.0203 -1.2910 -.0013 -.4991 -2.12 .0423 

-.15 -.48 -.IB -.40 -.19 .81 
4.54 4.34 6.25 31.75 7.90 12.41 

3' 9.10 31.31(4,181 <.001 .81 .85 4.65 4.3027 1.8958 -10.9427 -1.159B 
.29 .16 -.35 -.23 

11.33 77.56 11.23 5.02 

See Table 17 3.9525 -.1591 -.14BO -1.3499 .4747 -2.7652 
26.26 25.M(II,6251 <.001 .31 .30 -24.63 .8524 .6320 3.1204 -.0021 .11 -.Il -.08 -.13 .17 -.19 

.09 .18 .55 -.OB 9.90 11.71 4.89 ll.!7 21.11 31.26 
6.24 19.41 29.76 4.24 

6 See hble 20 
7-8 ItA 

I Squares of the foHewlng Ylrtablu were IVAilable: PP4. PPS16. FP1624. PP24+. CCGFS. HTHAI. 'MTOT. 
b Regre5Slon c.oefflcient. 

C Standardized regression (oeftldent. 
d F-rltlo. 

e Limited to 4 Independent variables. 

f 11.lled to 2 Independent nrhbles. 

HIHAISQ 

-.0881 

-.45 

22.72 

...... ...... 
N 
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have the expected sign. All but CC and PCTSL have entered pre-harvest 

models previously discussed. 

Reduced Site-level Models 

Often estimates of overstory characteristics are available without 

associated estimates of ground cover and downed \'wod variables. The 

utility of 3 sets of variables describing only overstory, site, and 

topography characteristics was tested using the same stepwise regression 

procedure. 

Stand Table Variables 

With only the number of ponderosa pine in selected size classes 

(PP4, PP516, PP1624, and PP24+) available, little of the variance in SBE 
') 

is explained. For data set 1 (Ri'.. = .18), PP516, PP1624, and PP24+ 

enter; for data set 2 (R2 = .11), PP4 and PP24+ enter; and for data set 
') 

7 (R~ = .13), which consists of all 1200 pre-harvest sites, PP4, PP516, 

PP24+, PP4SQ, and PP516SQ enter (Table 22). All coefficients have the 

expected signs. 

Overstory Variables 

In addition to the ponderosa pine stand table variables, the 

following were available: PPBA, TG, TS, CC, SI, G05+,and GOBA. The data 

set 1 and 2 models account for 32 and 26 percent of the variance in SBE, 

respectively (Table 23). The model for data set 7 includes 7 variables, 

but has an R2 of only .16. The fact that data set 1 is merely a subset 

of data set 7 for the variables involved suggests either that data set 1 

represents a special situation rather than a random selection of data set 



Table 22. Stepwise solution Using Only Stand Table Variables (PP4. PP516. PP1624. PP24+)a 

Data 
Set 

1 

2 

3 
4 

5-6 
7 

8 

Statistics of Fit and Prediction 

S.L F(dfn.dfd) Prob R2 AdjR2 

33.00 23.81(3.329) <.001 .18 .17 

29.89 7.25(2.ll7) <.001 .ll .10 

No variables selected 
See Table 12 
NA 
30.10 35.91(5.1194) <.001 .13 .13 

22.04 11.14(1.79) .001 .12 .ll 

a Squares of all variables available. 
b Regression coefficient. 
c Standardized regression coefficient. 
d F-ratio. 

Independent Variables 

Constant PP4 PP516 PP1624 PP24+ 

31.22 -.0899b -.3ll5 1.ll36 
-.36 c -.10 .12 

46.20 d 4.16 5.35 
5.46 -.0306 2.842 

-.22 .27 
6.44 9.62 

32.23 -.0085 -.ll64 .9360 
-.14 -.48 .11 
9.91 69.48 14.91 

36.85 -.1330 
-.35 

11.14 

PP4SQ 

.000001 

.09 
4.01 

PP516SQ 

.0001 

.22 
15.67 

....... 

....... 

.J':> 



Table 23. SterAse Solution Using Overstory Variables (PP4, PP516, PP24+, PPBA, TG, TS, CC, G05+, G08A) and site Index 
(51 

Statistic of Fit and Prediction Independent Variables 

Data 
R2 AdjR2 Set S.E. F(dfn,dfd) Prob. Constant PP4 PP516 PP16?4 PP24+ G05+ TG 51 

30.10 30.92(5,327) <.001 .32 .31 -8.01 _.05716 -.3093 I. 3963 .1406 13.4370 
_.23c -.10 .15 .19 .35 

20.16d 4.77 9.93 16.64 52.76 

27.45 10.24(4,115) <.001 .26 .24 168.56 -.0255 2.9067 -2.2120 

-.19 .28 -.20 

5.24 11.80 6.27 

17 .50 12.05(2,20) <.001 .55 .50 -41.17 5.5076 22.5761 

.37 .65 

6.09 18.65 

See Table 12 

5-6 HA 

29.55 33.42(7,1192) <.001 .16 .16 -10.65 -.0763 1.1409 5.7398 .3691 

-.31 .13 .16 .11 

13.00 18.59 31.16 14.11 

8 20.13 10.38(3,77) <.001 .29 .26 50.97 -.1347 15.9011 .7789 

-.36 .38 .33 

10.49 13.12 8.80 

a Squares of PP4, PP516, PPI624, PP24+, PPBA, G05+, and G08A .v.llable. 

b Re9resslon coefficients. 

c Standardized regression coefficients. 

d F-ratlo. 

PPBA G08A 

-.0830 .1021 

-.16 .07 

10.86 7.30 

PP516SQ 

.0009 

.18 

6.40 

GOBASQ 

.0093 

.34 

17.99 

....... 

....... 
(.J1 



7 sites, or that there was an unexpected di fference beh/een the two 

inventory procedures for the overstory variables. 

Site Index, Topography and Overstory Summary Variables 
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Hith site index (S1), topography (ASPECT, SLOPE), and overstory 

summary (TG, TS, CC, PPBA, and GOBA) variables available, the data set 1 

model (R2 = .33) includes 4 variables (TG, PPBA, GOBA, and ASPECT) and 

the data set 2 model (R2 = .16) includes 2 variables (SI, GOBASQ, Table 

24). ASPECT in the first, and SI in the second, at least partially 

characterize non-overstory elements of the sites, while the other 

independent variables specifically represent the overstory. The data set 

7 mode 1, wi th an R2 of .18, aga in accounts for much 1 ess of the 

variation in SBE than the data set 1 model (Table 24). All 7 independent 

variables have the expected sign. 

Summary of Site-level Models 

For models of pre-harvest data sets 1, 5, and 7, increases in the 

following variables cause increases in SBE whenever they enter a model: 

PP24+, TG, G05+, GOBA, SI, PDGFS, CCGFS, HTMAX, GCGFS, and GCSTONE. 

Similarly, the following variables cause decreases in SBE whenever they 

enter a model: PP4, PP516, PP1624, CC, PPBA, ASPECT, SLOPE, DHVO, DWV3+, 

DWVTOT, PCTSL, GCCOB, and BRUSH. Furthermore, the squares of the 

following variables also enter, lessening the impact on SBE of increasing 

amounts of the biophysical characteristics: PP4, PP516, PPBA, PDGFS, 

CCGFS, and HTMAX. 



Table 24. Stepwise Solution Using Land (SI, ASPECT, SL~PF) and Overstory SUJlTI1ary (TG, TS, ce, PPBA, GOBA) Variablesa 

Stat.istics of Fit and Prediction Inde~endent. Variables 
Data ., 

AdjR2 Set S.L Fdfn ,dfd) Prob. RL Constant TG PPBA GOBA 51 ASPECT 

29.79 40.86( 4 ,328) <.001 .33 .32 20.16 11. 7268b -.1117 .2288 -3.9753 

.31c -.20 .16 -.26 

39.87d 16.01 13.04 28.37 

28.99 11.41(2,117) <.001 .16 .15 i!l8.15 -2.5515 

-.23 

7.55 

19.51 14.500,21) <.001 .41 .38 -20.89 22.1754 

.61 

14.50 

See Table 14 

5-6 NA 

7 29.29 36.95(7,1192) <.001 .18 .17 10.08 5.8177 -.2221 .1366 .4254 -2.9552 

.16 -.42 .10 .13 -.21 

32.03 22.36 12.03 18.71 62.79 

8 21.64 14.550,79) < .001 .16 .14 -13.23 16.3283 

.39 

14.55 

a Squares of PPBA and GOB A also available. 

b Regression coefficients. 

c Standardized regression coefficients. 

d F-ratio. 

SLOPE GOBASQ 

.0092 

.34 

15.80 

-.3931 

-.10 

11.40 

PPBASQ 

.0004 

.19 

4.74 

..... ..... 
'--.1 
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For data set 2 (post-harvest) models, increases in PP1624, PP24+, 

CC, GOBA, PDGFS, CCGFS, and GCGFS, and decreases in PP4, SI, DWVO, 

DWVTOT, PCTSL, and MECH, cause increases in SBE. Thus, PP1624, CC, and 

SI have oppos ite effects on scen i c beauty depend i ng on whether a 

pre-harvest or post-harvest situation is involved. The number of pulp

and small sawtimber-sized trees, as well as crown canopy, contribute 

positively to scenic beauty in models of the less dense post-harvest 

sites, but they contribute negatively in models of the more dense 

pre-harvest context. The importance of the negative contribution of site 

index on post-harvest sites must be discounted because it probably 

reflects the increased harvest activity which is likely to occur on 

better sites. For both pre-harvest and post-harvest models, large 

ponderosa pine, Gambel oak, and herbage contribute to SBE while pine 

saplings and downed wood detract from SBE. 

All the site-level models are significant at the .001 probability 

level. However, the data set 1 and 2 models with the highest 

coefficients of determination leave 40 percent and 52 percent, 

respectively, of the variance in SBE unaccounted for (Table 21). The 

potential reasons for the unexplained variance fall into two classes, 

those relating to modeling in particular and those relating to 

measurement of the variables which are available for modeling. Regarding 

modeling per se, the unexplained variance could, in part, have resulted 

from absence of variables which would enter the stepwise models if they 

were available, conservative criteria for variable entry, and choice of 

less than the best fit equation form. Regarding variable measurement, 
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there are 5 potential causes of unexplained variance. First, the 

independent variables were sampled at the inventory points. For example, 

numbers of trees at least 5 inches dbh were sampled using a IO-factor 

prism, herbage was sampled in eight 9.6 square foot plots per site, and 

downed wood was sampled along eight 40-foot transects per site. These 

sampling techniques (Appendix B) are generally used to estimate stand 

quantities by averaging the measurement at several points throughout the 

stand. Second, the dependent variable results from the judgements of 

many people. Groups of people are unlikely to agree completely, even 

once their ratings are scaled to SBEs, on the scenic beauty of given 

sl ides, as evi denced by the agreement among groups fO)" the base area 

slides reported above. Furthermore, the contexts in which slides are 

shown are always somewhat different, in terms of the relative proportion 

of slides of different characteristics and in terms of the order in which 

the differences appear, even when an effort is made to reduce context 

effects. Third, field measurement, subject rating, and data manipulation 

errors may occur. Fourth, photographic quality differs among the slides. 

Finally, a miss-match occurs between what the slides record and what is 

measured for the independent variables. This miss-match takes two forms. 

First, the overstory, stumps, brush piles, and mechanical disturbance 

measurements are taken for the full 3600 around the inventory center 

point, while the 4 photographs encompass only about 128°. Second, the 

depth of view captured in the photographs may not correspond well with 

the location of the biophysical measurements. At very dense sites, some 

trees, herbage, and downed wood are measured beyond the depth of view of 



120 

the photographs, while at sparce sites, considerable areas of the forest 

seen in the photographs are not captured by the biophysical measurements. 

The more distant area can differ substantially from the nearer area in 

terms of the biophysical variables. 

Stand-level Models 

Data sets 3, 6 and 8 contain pre-harvest stand-level cases, while 

data set 4 contains post-harvest stand-level cases. The cases are simple 

averages per stand of site-level data, except that tree grouping (TG) and 

tree stories (TS) were rounded to the nearest whole number to maintain 

the ordinal characteristics of those variables. For the step\'lise 

regressions, an F-to-enter of 4.0 (and exit of 3.99) was again used, but 

in addition, where necessary, the numbet' of independent variables was 

limited to 4 and 2 for data sets 3 and 4, respectively, because of the 

limited number of cases (Table 3). 

Pre-harvest Models 

For data set 3, the basic model, with PP4, PP516, PP1624, PP24+, 

PDGFS, and DWVTOT plus the squares of each available, includes 2 

independent variables (PP24+ and PDGFS) and accounts for 70 percent of 

the variance in SBE (Table 12). The standard error of the estimate for 

this model is 14, or about one-half as large as for the comparable 

site-level data set 1. However, the range in SBE for data set 3 is 47 

percent of that for data set 1. 

The additional availability, over and above the basic variables, 

of ASPECT and SLOPE (Table 13), SI,· PPBA, and CC (Table 14), nround cover 

percent, stump, and ground condition variables (Table 16), and PCTSL 
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(Table 17) does not improve upon the basic model given the stepwise 

regression criteria for variables to enter and leave the equation. The 

additional availability of stand structure variables, however, results in 

a model of 4 independent variables (PP24+, PDGFS, PDGFSSQ, and TS) which 

accounts for 83 percent of the variance in SBE (Table 15). The negative 

coefficient of TS suggests that single storied stands are preferred to 

multi-storied stands. The addition of other overstory, site index, 

downed wood, ground cover and topography variables does not improve upon 

the 4-variable model (Table 19). Finally, when detailed information 

about the downed wood is available, DWVO joins PP24+ and PDGFS in a model 

accounting for 80 percent of the variance in SBE (Table 18). 

If herbage canopy and height are substituted for \'/eight in the set 

of available variables, a data set 3 model of 3 variables (CCGFS, 

CCGFSSQ, and DWVTOT) expla~ns 85 percent of the variance in SBE (Table 

20). However, when the same set of variables is available to data set 6, 

"/hich incorporates poorer estimates of herbage and downed wood, the 

resulting model includes only herbage height variables (HTMAX, HTMAXSQ) 

and accounts for only 31 percent of the variance in SBE (Table 20). And 

't/hen additi ona 1 overs tory, site index, downed wood, and topography 

variables are also available, a data set 3 model of 4 variables (PP24+, 

CCGFS, FD, and MECH) accounts for 87 percent of the variance in SBE 

(Table 21). 

A statistically significant model meeting the stepwise criteria 

based on only stand table variables was not obtainable for data set 3, 

while one for data set 8 includes only one independent variable (PP516) 
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and accounts for only 12 percent of the variance in SBE (Table 22). 

However, when other overstory variables are also available, a data set 3 

model of 2 variables (PP24+ and TG) and a data set 8 model of 3 variables 

(PP516, TG, and SI) account for 55 and 29 percent of the variance in -SBE, 

respectively (Table 23). And, finally, when only site index, topography, 

and overstory summary variables are available, the data set 3 and 8 

models each include only TG and account for only 41 and 16 percent of the 

variance in SBE respectively (Table 24). 

Post-harvest Models 

Because data set 4 has only 13 cases, stand level models for this 

context must be considered preliminary. Hith only the basic independent 

variables available, only PP24+ enters, and the model accounts for only 

28 percent of the variance in SBE and is not significant at the 5 percent 

probability level (Table 12). The additional availability of ASPECT and 

SLOPE (Table 13) or the substitution of herbage canopy height for weight 

(Table 20) does not improve upon this model. However, 5 other models do 

result from different sets of independent vari ab 1 es. These models 

include the following independent variables: SI and CC (Table 14), PP4 

and TG (Table 15), MECH and STUMP20+ (Table 16), PP4 and PCTSL (Table 

17), and DWV1 (Table 18). These models have, respectively, the following 

coefficients of determination: .73, .55, .82, .76, and .65. 

Summary of Stand-level Models 

All of the pre-harvest models and most of the post-harvpst models 

are s i gnifi cant at the • 001 probabil ity 1 eve 1. The better models of each 
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type account for at least 80 percent of the variance in SBE, but they 

must be considered preliminary because of the small number of cases and 

limited geographical area represented. 

Three variables which entered the stand-level models (TS, DWV1, 

and STUMP20+) were not included in the site-level models. The other 

independent variables have the same sign in the stand-level models as 

they did in the respective site-level models. 



CHAPTER 8 

STAND STRUCTURE 

As Southwestern ponderosa pi ne multi pl e use 1 ands become more 

intensively managed, the character of the timber stands may change. 

Current Forest Service management direction for Southwestern ponderosa 

pine calls for creation of even-aged stands, which would reduce the 

number of tree stories present in the stands. Thus, it is important to 

know whether models built on existing data are applicable to even-aged 

stands, as well as to know what effect such a management direction will 

have on scenic beauty. More intensive management may also create less 

dense stands of less tree grouping. In order to address these issues, 

data set 1 was partitioned into subsets based on 4 separate distinctions: 

even- versus uneven-aged structure, number of tree stories, amount of 

tree grouping, and density in square feet of basal area. r~odels based on 

the data subsets were obtained and compared. 

Even- versus Uneven-aged Structure 

There are no generally accepted specific criteria for 

distinguishing between even- and uneven-aged stands. The approach used 

here \'Ias to extrapolate criteria from Walter ~leyerls (1938) stand tables 

of even-aged stands. Examination of Meyer1s stand tables for ponderosa 

pine (Table 23, p. 36) led to the criteria listed in Table 25 for 7 

different even-aged stands. For a stand to be classified as even-aged, 

it had to meet one of the criteria listed for classes 1 through 7. For 

124 
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example, a stand with 70 percent or more of its 1 inch dbh and greater 

trees in the 5- to 12-inch dbh category would be classified a class 2 

even-aged stand. Stands not falling in any of these classes "Jere 

considered uneven-aged (class 8). 

In addition, all stands \'lere assigned to one of 12 degrees of 

evenness (EVEN). To be assigned to the highest degree of evenness, the 

percent of the trees in one of the 7 dbh spans listed in Table 25 had to 

be at least 100, 80, 70, 65, 60, 60, or 60, respectively. For each 

subsequent degree, the criterion for each size was lowered 5 percentage 

points. Thus, to enter the lowest (twelfth) degree, the criteria for the 

7 size classes were 45, 25, 15, 10, 5, 5, and 5 percent, respectively. 

Degree of evenness (EVEN) has little impact on site-level SBE. 

The correlation between SBE and EVEN is -.05 for data sets 1 and 2. 

Furthermore, EVEN did not enter stepwise models where it was available. 

Based on the criteria of Table 25, 58 percent of the data set 1 

sites, and 66 percent of the data set 2 sites, fall into an even-aged 

class. As would be expected in an unregulated forest which had been 

harvested selectively, even-aged stands of the smaller size classes are 

more common than even-aged stands of larger size classes. The larger 

percentage of even-aged sites in data set 2 probably reflects the harvest 

activities, which emphasized creation of even-aged stands. 

For the even-aged sites, SBE is positively correlated with stand 

structure class (numbers 1 to 7, Table 25, representing increasing age 

class fOl' the even-aged sites). The correlations, however, are only .21 

and .08 for data sets 1 and 2, respectively. Thus, they provide only 



Table 25. Criteria for and Occurrence of Even-aged Stands 

Criteriaa Percent of Sites 
dbh span Percent of > 1 Date Set 1 Data Set 2 

Class inches inch dbh Trees 

even-aged 

1 1-9 >90 15 18 
2 5-12 >70 18 19 
3 9-16 >60 13 13 
4 12-20 >55 6 7 

5 16-24 >50 4 4 
6 20-28 >50 1 2 
7 >24 >50 1 3 

58 66 
uneven-aged 

8 42 34 

Total 100 100 

a The listed percent of all trees at least I-inch dbh must fall within the corresponding dbh 
span for the site to be categorized as even-aged. 

f-> 
N 
en 
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weak support for the preference of more mature even-aged stands over 

younger even-aged stands. 

Separate models of the basic variables (PP4, PP516, PP1624, PP24+, 

PDGFS, DHVTOT) were obtained for (1) even-aged sites (those in stand 

structure classes 1 through 7, Table 25) and (2) uneven-aged sites (those 

in class 8, Table 25). The models based on even- and uneven-aged sites 

account for 46 percent and 44 percent of the va ri ance in SBE, 

respectively, compared with 43 percent for the model based on the full 

set of sites in data set 1 (Table 26). 

The full model was compared with the even- and uneven-aged models 

in terms of predicted SBE for hypothetical sites differing in overstory 

but not in herbage or downed wood. Assuming the average data set 1 

conditions for PDGFS (73 pounds) and DHVTOT (1277 cubic feet), .the 

predicted SBE of the full and uneven models differed by at most 10 SBE 

units for typical uneven-aged stands. This difference is considerably 

less than the standard error of estimate of the models of about 27 SBE 

units, which suggests that the full model can be used with uneven-aged 

stands. 

In order to compare the full and even models, 4 different 

even-aged stands were hypothesized, one for each of the 4 timber size 

classes represented by overstory-related terms in the models. Each stand 

contained the maximum number of trees, for the respective size class, 

found on any of the data set 1 sites. Thus, one stand contained 2,600 

ponderosa pine in the .1- to 4.9-inch dbh class, another contained 800 

pine in the 5- to 15.9-inch dbh class, a third contained 74 pine in the 



Table 26. Standard Regression Models of Basic Variables for Even-aged, Uneven-aged, and Combined Sets of Cases, 
Data Set 1 

Statistics of Fit and Prediction 

Cases S.L F(dfn,dfd) Prob. R2 AdjR2 

All 27.70 40.40(6,326} <.001 .43 .42 

Even 27.35 26.41(6,181) <.001 .47 .45 

Uneven 27.14 18. Ol( 6, 138} <.001 .44 .41 

a Regression coefficient. 
b Standardized regression coefficient. 
c F-ratio. 

Constant 

10.83 

11.54 

8.84 

Independent Variables 

PP4 PP516 PP1624 PP24+ PDGFS 

-.0081a -.0431 -.1062 1.0440 .1988 
_.08b -.17 -.03 .11 .50 
3.22c 13.03 0.64 6.57 124.03 
-.0065 -.0293 -.3729 1.3128 .1828 
-.08 -.11 -.11 .14 .54 
1.92 3.43 3.55 5.89 89.79 
-.0343 -.0480 .0806 .3617 .3148 

-.15 -.20 .03 .04 .49 
4.22 6.19 .20 .35 48.20 

DWVTOT 

-.0043 
-.12 
7.10 
-.0053 
-.14 
5.79 
-.0031 
-.09 
1.68 

I-' 
N 
00 
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16- to 27.9-inch dbh class, and the fourth contained 18 pine in the 

24-inch dbh and greater class. Each stand was hypothesized to have the 

average herbage and downed wood amounts, as stated above. The difference 

in predicted SBE between the full and even models was 5, 8, 28, and 4 SBE 

units respectively. Less dense, but still strictly even-aged, stands 

resulted, of course, in smaller differences. For a stand restricted to 

100 square feet of basal area, the differences in predicted SBE between 

the full and even models was 4, 1, 15, and 2 SBE units, respectively. 

The acceptabil ity of using the full model "'lith even-aged stands appears 

to depend, for data set 1, on the number of ponderosa pine present in the 

16- to 23.9-inch dbh class. For all other classes, the two models give 

nearly identical results. 

Separate models for even- and uneven-aged sites in data set 2 were 

also obtained for comparison with the model based on the full data set 2 

mode 1 . However, such a compa ri son was of 1 ittl e va 1 ue because the 

even/uneven distinction coincided to a large degree with the pre/post 

harvest distinction, which is discussed above. 

Even-aged stands, each comprised of trees falling in only one of 

the four timber size classes represented by a term in the model (Table 

26), were compared with a typi ca 1 uneven-aged stand to exami ne the 

re 1 ati ve preferences for even- versus uneven-aged stands. Assumi ng 

constant herbage and downed wood amounts, both the full and even-aged 

models yielded predicted SBEs for even-aged stands ranging about 30 SBE 

units from least to most preferred. Predicted SBEs for the uneven-aged 

stand, for both the full and uneven models, fell close to the mid-point 
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of the 3D-point range for even-aged stands. Predicted SBEs of the 

uneven-aged stand were about 15 SBE units above those for even-aged 

stands of pre-commercial-size trees, about the same as those featuring 

pulp- and small sawtimber-size trees, and about 15 SBE units below those 

featuring mature (24 inches dbh and greater) trees. However, because the 

standard error of the estimate for the models is about 27 SBE units, firm 

conclusions from this analysis are risky. 

Tree Stories 

Each inventory site was categorized on-site into one of 4 tree 

story classes: (1) one-storied, (2) generally one-storied, but partially 

two-storied, (3) generally two-storied, but partially three-storied; and 

(4) generally three-storied. For the first data set, 9, 31, 49, and 12 

percent of the 333 sites, respectively, were assigned to the four 

classes. Note that sites assigned to each class may contain cases 

representing a variety of age classes. For example, single-storied sites 

of any age class may be included in the first class. 

The four data subsets are not easily distinguished in terms of 

most measured variables. For example, total basal area ranges from 114 

square feet per acre for tree story class 4 to 155 for class 2 (Table 

27). The range from 12 SBE units for class 3 to 33 SBE units for class 1 

is small, and firm conclusions about the preference for one class above 

another are risky. 

Regression models for each of the 4 subsets of data set 1 sites 

show a marked decrease in the variance in SBE which can be accounted for 

by the basic variables as tree stories increase (Table 28). Hhen all 6 



Table 27. Means of Selected Variables for Subsets of Data Set 1 Based on Number of Tree Stories 
(TS), Tree Grouping (TG), and Total Basal Area (TOTBA) 

Variable TSa TG6 TOTBAc 

1 2 3 4 1 2 3 4 <100 100-200 >200 
(29)d (103) (I62) (39) (79) (159) (50 (44) (96) (Ill) (66) 

SBE 33 15 12 24 1 10 27 53 28 15 2 
PP4 59 111 233 226 239 214 84 55 115 230 142 
PP516 165 180 177 99 246 158 138 94 56 162 343 
PP1624 10 13 12 15 13 12 11 12 .7 13 18 
PP24+ 3.4 2.4 3.8 5.4 2.8 3.6 4.1 3.9 4.6 3.5 2.1 
PDGFS 100 85 85 87 54 76 113 154 98 93 52 
DWVTOT 1004 1390 1299 1094 1346 1310 1300 1007 1005 1399 1359 
PPBA 122 134 125 101 158 121 114 92 64 123 218 
GOBA 24 20 19 13 22 16 14 30 8 19 32 
TOTBA 146 155 145 114 181 137 130 123 73 144 251 
TG 2.7 2.5 2.0 2.0 1..0 2.0 3.0 4.0 2.4 2.2 1.7 
TS 1.0 2.0 3.0 4.0 2.6 2.9 2.4 2.0 2.7 2.7 2.4 
CC 56 62 56 49 65 54 56 54 42 59 73 

S1 78 79 79 75 81 77 76 78 75 78 82 

a 1 = one, 2 = one but some two, 3 = two but some three, 4 = generally three. 
b 1 = trees in groups with many interlocking crowns, 2 = some tree grouping but little interlocking 

of crowns, 3 = very little tree grouping, 4 = no tree grouping - trees evenly spaced. 
c Square feet per acre. 
d Number of cases in parentheses. The sum of the cases for each of the 3 groups is 333. 

...... 
w ...... 



Table 28. Regression Models of Basic Variables for Subsets of Data SE't 1 Based on Number of TreE' Stories 

Tree Statistics of Fit and Prediction Indp~endent Variables 
Story a Regression 
Category Procedure S.L F( dfn ,dfd) Prob. R2 Ad.iR2 Constant PP4 PPS16 PPI6?4 PP24+ 

Standard 28.11 6.20(6,22) .001 .63 .53 19.96 _.OS~3b - .0223 -.0251 -1.09 
- .19d -.09 -.01 -.11 
1.41 0.23 0.002 0.S8 

Stepwise e 24.30 26.S9(2,26) <.001 .67 .65 -13.64 

Standard 28.97 16.32(6,96) <.001 .50 .47 28.97 -.0106 -.0371 -.3805 .4494 
-.06 -.14 -.1J .04 
0.58 2.63 2.26 0.23 

Stepwise e 27.61 38.16(3,99) <.001 .54 .52 -12.75 

Standard 26.13 18.68(6,155) <.001 .42 .40 2.65 -.0067 - .0373 -.0468 1.7532 
-.08 -.17 -.02 .20 
1.80 5.82 0.07 9.52 

Stepwisee 25.07 33.28(4,157) <.001 .46 .45 -11. 78 -.0360 1.8102 
-.16 .21 
6.24 11.32 

Standard 27.15 1.61(6,32) .176 .23 .09 7.40 -.0039 -.0961 .3074 1.3458 
-.04 -.26 .13 .24 
0.06 2.30 0.63 1.93 

Stepwisee 27.04 5.01(1,37) .031 .12 .10 13.74 1.9650 
.35 

5.02 

a Tree story (TS) categories: 1 = one, 2 = one but some two, 3 tl"-) but some three, 4 = 9pnerally threE'. 

b Regression coefficient. 

c Standardized regression coefficient. 

d F-ratio. 

e Squares of the basic variables also available. 

POGFS 

.2R49 

.67 
18.47 

.6787 
1.59 

25.32 
.2395 
.53 

43.29 
.6361 

1.40 
39.50 

.1663 

.49 
57.47 

.3096 

.90 
53.34 

.1292 

.25 
2.19 

OWVTOT 

-.0042 
-.09 
0.31 

-.0079 
-.22 
8.42 
-.0065 
-.18 
6.61 
-.0021 
-.06 
0.89 

-.0023 
.06 

0.12 

POGFSSQ 

-.0011 
-.89 
7.94 

- .0012 
-.83 

14.28 

-.0002 
-.46 

14.40 

...... 
W 
N 
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basic variables are included, R2 decreases from .62 to .50, to .42, to 

.23 for models based on subsets of sites in tree story class 1, 2, 3, and 

4, respectively. Clearly, as overstory vertical diversity increases, the 

utility of the basic variables for explaining variation in scenic beauty 

diminishes. 

For single-storied sites, 67 percent of the variance in SBE is 

accounted for by herbage weight (PDGFS and its square PDGFSSQ). No other 

variables enter the stepwise solution (Table 28). Apparently, with a 

1 ack of overstory di vers ity, herbage alone accounts for most of the 

variance in scenic beauty at pre-harvest sites. The stepwise solution 

for generally one-storied but partially two-storied sites (TS = 2) brings 

in downed wood volume (DWVTOT) in addition to the herbage variables, and 

accounts for 54 percent of the variance in SBE. And the stepwise 

solution for the generaily two-storied, but partially three-storied sites 

(TS = 3) utilizes the number of mature pine trees (PP24+) in addition to 

PDGFS, PDGFSSQ, and DWVTOT, and accounts for 46 percent of the variance 

in SBE. Thus, as vertical diversity becomes more complex, additional 

basic variables contribute to the explanation of variation in scenic 

beauty. However, this is true only to a point. The stepwise solution 

for the three-storied sites (TS = 4) includes only one independent 

variable (PP24+), and accounts for only 12 percent of the variance in 

SBE. The basic variables are clearly inadequate for the most vertically 

complex tree stands. 

The signs of most coefficients in both the standard and stepwise 

models are intuitively reasonable (Table 28). PP4, PP516, and DWVTOT 
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always make negative contributions to SBE, while PDGFS always makes a 

pos iti ve contri buti on. PP24+ makes a pos iti ve contri but i on for all 

subsets except for s i ngl e-stori ed sites, but thi sis perhaps a 

statistical artifact resulting from the small sample size (29 cas"es). 

The simple correlation between SBE and PP24+ for these sites is small but 

positive (.08), and the coefficient for PP24+ for the model is not 

significant (F = 0.58, Table 28). 

The contribution of some of the independent variables to changes 

in SBE varies consistently as overstory vertical diversity increases. As 

is seen by examining the standard model coefficients of Table 28, the 

contribution to SBE of an additional mature (dbh ~ 24 inches) pine tree 

increases as vertical diversity increases from tree story category 1 to 

category 3. Similarly, the reduction in SBE caused by an additional 

pulp- or sawtimber-sized pine tree (dbh from 5 to 16 inches) increases 

from category 1 to category 4. Finally, the contribution to SBE of an 

additional pound of herbage decreases as vertical diversity increases 

from category 1 to category 4. 

To summarize, prediction of pre-harvest scenic beauty is more 

successful for sites of less vertical diversity. As diversity increases, 

unit increases of PDGFS contribute less, and unit increases of PP516 and 

PP24+ contribute more, to explanation of the variance in SBE. However, 

the increasing importance of the timber variables does not compensate, in 

terms of total explanation of the variance in SBE, for the decreasing 

importance of herbage. Non-basic variables should be examined as 

potential contributors to the explanation of variance in SBE for 

multi-storied stands. 
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Tree Grouping 

Inventoried sites were categorized during field inspection into 4 

tree grouping classes: (1) trees in groups \'Iith many interlocking 

crowns; (2) some tree trouping, but little interlocking of crowns; (3) 

very little tree grouping; and (4) no tree grouping--trees evenly spaced. 

In contrast with the tree stories categorization, higher numbered classes 

represent decreasing stand diversity. For the first data set, 24, 48, 

15, and 13 percent of the 333 sites were assigned to the 4 tree grouping 

classes, respectively. Note that sites assigned to each class may 

contain sites representing a variety of tree story and age classes. 

In contrast to the tree story distinction, the 4 data subsets are 

distinct in terms of several measured variables. An increase in grouping 

is associated with increasing stand basal area (TOTBA), increasing 

numbers of pine saplings (PP4) and pulp and small sawtimber trees 

(PP516), and decreasing herbage (PDGFS, Table 27). Thus, increased 

grouping .is generally more common in denser stands crowded with smaller 

trees. In concert with these characteristics of increased tree grouping, 

scenic beauty (SBE) decreases as grouping increases. Mean SBE drops from 

53 for the sites of no grouping (TG = 4) to 1 for the sites of trees in 

groups with many interlocking crowns (TG = 1, Table 27). 

Standard and stepwise regression models based on the basic 

variables were obtained for each of the 4 subsets of data set 1 sites 

corresponding to the 4 classes of tree groupings (Table 29). Prediction 



Table 29. Regression Models of Basic Variables for Subsets of Data Set 1 Based on Tree Grouping. 

StatIstics of F~t ana Prealctlor. Inaepenaent Varla61es 

Tree 
GrouPa Regression 

F(dfn, dfd) R2 Date. Procedure S.E. Prob. AdjR2 Constant PP4 PP516 PP1624 PP24+ POGFS 

Standard 29.88 7.35(6,72) <.001 .38 .32 -14.18 .00p6 -.0356 .2648 .7737 .3767 
.02d -.17 .10 .07 .52 

0.02 2.43 0.83 0.55 28.29 
Stepwisee 28.72 24.84 (2,76) <.001 .40 .38 -33.84 .9407 

1.29 
27.88 

Standard 25.47 16.64(6,152) <.001 .40 .37 -5.18 -.0049 -.UI93 - .0966 2.3759 .2215 
-.03 -.08 -.04 .29 .44 
0.75 1.35 0.32 19.03 45.58 

Stepwisee 25.41 32.67(3.155) <.001 .39 .38 -10.81 2.5541 .2265 
.32 .45 

23.79 49.68 
Standard 25.10 6.71(6,44) <.001 .4B .41 32.56 -.0212 -.0462 -.3235 .4700 .1128 

-.10 -.17 -.09 .05 .50 
0.68 1.94 0.68 0.19 18.69 

Stepwisee 23.33 16.83(3,47) <.001 .52 .49 6.21 .2932 
1.31 

18.76 
Standard 18.96 6.25(6,37) <.001 .50 .42 56.63 -.0152 -.0179 -.4086 -.9140 .1106 

-.07 -.07 -.16 -.17 .47 
0.3R 0.20 1.62 1.62 12.05 

Stepwisee 18.58 18.26(2,41) <.001 .47 .45 10.79 .4567 
1.92 

17.97 

a 1 = trees in groups with many interlocking crowns, 2 = some tree grouping but Ifttle interlocking of crowns, 
3 = very 1 ittle tree grouping, 4 = no tree grouping - trees evenly spacpd. 

b Regression coefficients. 

c Standardized regression coefficient. 

d F-ratio. 

e Squares of basic variables also available. 

OHVTOT 

-.0021 
-.06 
-.36 

-.0034 
-.11 
2.73 
-.0039 
-.13 
4.04 
-.0065 
-.17 
1.89 

-.0100 
-.27 
4.64 

POGFSSQ 

-.0030 
- .79 

10.36 

-.0002 
-.79 
6.92 

-.0008 
-1.37 
9.16 

OWVTOTSQ 

-.000003 
- .25 
6.06 

...... 
W 
(J) 



137 

of SBE decreases somewhat as tree grouping increases. The R2 of the 4 

standard regression models decreases from .50 for sites with no grouping 

to .38 for sites with the most grouping. Signs of the coefficients of 

PP4, PP516, PDGFS, and DWVTOT for the standard regression models are the 

same as those encountered in pre-harvest models previously presented, 

with the minor exception of the insignificant coefficient for PP4 for the 

sites of most tree grouping (Table 29). However, the coefficient for 

PP24+ (-.914, Table 29), as well as the simple correlation between PP24+ 

and SBE (-.17) for the sites \,/ith no tree grouping (TG = 4), are contrary 

to previously examined models. Increases in the number of ponderosa pine 

trees of all sizes cause decreases in SBE for the model based on sites 

without tree grouping. This conclusion is tentative because none of the 

coefficients for the timber variables are significant (see the F-ratios 

of the standard equation for tree grouping category 4, Table 29). 

Examination of the coefficients for the standard regression models 

of Table 29 indicates that the contribution of an additional unit of 

PDGFS to SBE increases as tree grouping increases. In contrast, the 

reduction in SBE caused by additional units of D~JVTOT decreases as tree 

grouping increases. In general, however, \'/e must conclude that while 

stands of less tree grouping are preferred, our ability to predict 

relative scenic beauty using the basic variables is not seriously 

affected by tree grouping. 

Total Basal Area 

Data set 1 sites were grouped into 3 classes according to total 

square feet of basal area. Twenty-nine percent of the sites had less 
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than 100 square feet of basal area, 51 percent had from 100 to 200 square 

feet of basal area, and the remaining 20 percent had more than 200 square 

feet of basal area. The denser sites generally had more pulp- and 

immature sawtimber-sized pine trees (PP516, PP1624), fewer mature pine 

(PP24+), less herbage, and lower SSE (Table 27). 

Increasing ponderosa pine stand density was negatively associated 

with scenic beauty for all 3 subsets of data set 1 sites. The simple 

correlation between SBE and PPBA was -.17, -.32, and -.37 for the 3 

subsets in order of increasing total basal area. 

Separate models, of the basic variables, for each of the 3 data 

subsets differ very little in predictability of SSE. The coefficient of 

determination varies from .37 for the densest sites to .46 for the sites 

of from 100 to 200 square feet of basal area. Smaller ponderosa pine 

(PP4, PP516) and downed wood (DWVTOT) contribute to decreasing SSE, while 

herbage (PDGFS) contri butes to i ncreas i ng SBE, ina 11 3 models. 

Coefficients for PP1624 and PP24+ are insignificant in all 3 models. 



CHAPTER 9 

INTERPRETATION AND IMPLICATIONS OF SELECTED SCENIC BEAUTY MODELS 

In previous sections we have examined the success with which 

near-view forested area scenic beauty can be modeled and have explored 

the effect of forest characteristics on scenic beauty. In this section~ 

"Je take a closer look at the nature, implications, and applicability of 6 

models. 

Six Models 

One model based on the basic variables (numbers of pine trees per 

acre by size class, herbage weight, and total downed wood volume, Table 

12), and one model based on the substitution of detailed downed wood 

variables for total downed wood (Jee Table 17), were chosen from each of 

the first 3 data sets (T~ble 3). These models were chosen because they 

explain more of the variance in SBE than other models among those which 

include independent variables for which data are generally available. In 

addition, biophysical models for the simulation of the independent 

variables in these scenic beauty models are available, 'tJhich is not the 

case for such variables as tree grouping (TG), herbage canopy (e.g., 

CCGFS), and ground cover (e.g., GCGRAV). No models for data set 4 

. (post-harvest stand-level data) were chosen for focus here because of the 

small sample size of that data set. 

Data Set 1 Models 

The basic data set 1 model includes the basic variables plus PDGFS 

taken to the 0.75 power: 

139 
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SBE -15.35 -.0088PP4 -.0286PP516 -.0451PP1624 +.9182PP24+ 

-.3535PDGFS -.0037DWVTOT +2.6782PDGFSO. 75 • 

The model accounts for 49 percent of the variance in SBE and is similar 

to the data set 1 model in Table 12. The change in SBE with changes in 

the independent variables is plotted for this model in Figure 5 over the 

full range of each independent variable for data set 1. For example, the 

number of ponderosa pine from .1 to 4.9-inches dbh (PP4) ranges from 0 to 

2600 .. Thus, keepi ng withi n the range of the data set, the most PP4 

could detract from SBE is 21 units (2600 times -.0088). Similarly, 

PP516 and DWVTOT can detract at most 21 and 24 SBE units, respectively, 

and PP24+ can enhance SBE by at most 17 units. In the model, the most 

that herbage weight (PDGFS) can enhance SBE is 123 units, ~Jhich occurs at 

1,025 pounds per acre, the maximum case in data set 1. As stated in the 

section on bivariate relationships, squared terms do not model the 

non-linear relationship of herbage to SBE as accurately as terms of less 

common exponents (e.g., .75). 

The detailed downed Vlood model of data set 1 util i zes very small 

diameter downed wood (DWVO) and downed wood 3 inches and greater (DWV3+) 

in place of total downed wood: 

SBE =-3.46 -.0094PP4 -.0197PP516 +.7879PP24+ -.3025PDGFS 

+2.3635PDGFSO. 75 -.9639DWVO. -0036DWV3+. 

As with the basic model, this model differs from that presented earlier 

because the exponent used to cha racteri ze the decreas i ng ma rgi na 1 

contribution to SBE of increases in herbage weight is 0.75 rather than 

2.0. The detailed downed wood model accounts for 51 percent of the 
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variance in SBE and is very similar to the basic model. The coefficients 

of non-downed wood terms of the two models are nearly identical, as is 

the coefficient of DWVTOT in the basic variable model to the coefficient 

of DWV3+ in the detailed downed wood model. This similarity is seen by 

comparing Figures 5 and 6. The PP1624 term was not included in the 

latter model, but its inclusion is of little consequence in any case. 

The only important difference between the two models is the inclusion of 

the DWVO term in the detailed downed wood model. 

In either model, large pine (PP24+) and herbage (PDGFS) both 

contribute to increased scenic beauty. In practice, an increase in 

overstory v/ill reduce potential herbage production. Thus, there is c. 

tradeoff between these two characteristics. Figure 7 shows isoquants 

expressing this tradeoff, assuming mean data set 1 quantities of the 

other variables for the basic model (the model of Figure 5). Of course, 

because the model contains no interaction terms, the isoquants would have 

the same shape no matter what quantities of the other variables were 

assumed. Only the SBE values of Figure 7 would change if we assumed 

different quantities in the other variables. The curves are slightly 

concave to the origin, resulting from the decreasing marginal 

contribution to scenic beauty of increasing amounts of herbage. 

The dotted isoquants of Figure 7 assume very 1 ittle herbage. 

Given this situation, one mature pine tree contributes about the same to 

pre-harvest scenic beauty as does a pound of herbage. For example, the 

addition of 17 mature pine trees, 5 mature pine trees and 10 pounds of 

herbage, or 16 pounds of herbage, would result in an SBE of -11. The 
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solid isoquants (Figure 7) assume at least 300 pounds of herbage, plus 

mean data set 1 quantities of smaller pine and downed wood variables. 

Given this situation, one mature pine tree contributes about the same to 

scenic beauty as 8 pounds of herbage. For example, given an initial 

endowment of no mature pine and 300 pounds of herbage, plus mean 

quantities of the other variables, the addition of 5.4 mature pine trees 

or 42 pounds of herbage would result in an SBE of 65. The slopes of the 

isoquants continue to flatten as more herbage is initially assumed, and 

as more is added. 

Similar isoquants could be drawn involving other variables. For 
\ 

example, there is a tradeoff between additional pine saplings (PP4) and 

additional somewhat larger pine (PP516), given some initial quantities of 

all variables. However, care must be used in interpreting such 

relationships. For example, consider the dotted isoquants in Figure 7. 

They suggest, as stated, that about one mature pine tree can be traded 

for one pound of herbage given that very little herbage is present. 

However, it is doubtful if 5 pounds of herbage per acre would even be 

noticed, and likely that they \'Iould not be noticed as much as would 5 

mature pine trees per acre. The data upon which the models were based 

show a great variation in SBE for sites "lith very little herbage. The 

_rather strong relationship between herbage weight and SBE (R = .58) is 

heavily influenced by sites with greater quantities of herbage. Thus, we 

should have greater confidence in tradeoffs based on a greater initial 

endowment of herbage, such as those demonstrated by the solid isoquants 

of Figure 7. Here, greater changes in herbage weight are involved, and 
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the relationship between herbage and scenic beauty is, given the data, 

quite cl ear. 

For both the basic model (Figure 5) and the detailed downed wood 

model (Figure 6), the effect of herbage (PDGFS) on scenic beauty is far 

greater than the effect of the other independent variables. In fact, for 

the basic model, \'Jithin the range of the original data, only PDGFS 

can have a greater effect on SBE than the standard error of the model of 

26 SBE units. Similarly, for the detailed downed wood model, only PDGFS 

and DWVO can have a greater effect on SBE than the standard error for 

that model, of 25 SBE units. This implies that non-herbage variables are 

relatively unimportant and that the key to high scenic beauty is to plant 

grasses and forbs and restrict grazing. However, while such efforts 

\'JOuld certainly contribute to higher scenic beauty, the practical 

relationship between herbage and overstory must not be ignored. Beyond 

such direct management actions as planting grass, herbage can only be 

increased by removing overstory. 

A related apparent implication of these 2 models (Figures 5 and 6) 

is that additional mature ponderosa pine (PP24+) and herbage (PDGFS) can 

compensate for the deleterious effect of smaller pine trees (PP4, PP516, 

and PP1624) and downed wood (DWVTOT) on scenic beauty. However, in 

practice increasing amounts of positive variables cannot be continually 

added to compensate for increasing amounts of the negative variables. In 

general, increasing numbers of immature pine trees reduces herbage 

quantity and, at higher stand densities, can only be obtained at the cost 

of fewer mature trees. The limitations of static, linear models such as 

these must be recognized. 
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Hhile overstory and understory are unavoidably linked, downed wood 

quantity is independently under the control of managers. When downed 

wood is characterized only by total volume (Figure 5), only'small changes 

in SBE can be caused by manipulating downed wood quantities. Again 

within the bounds of the original data, the basic model suggests that 

onlY a change of 24 SBE units could be caused by removing all downed wood 

from the most heavily burdened site. However, \'1hen downed wood is 

characterized by two separate size classes (DHVO and DHV3+), the maximum 

improvement in scenic beauty is 59 SBE units, 36 attributed to the 

remova 1 of the sma ll-di ameter do\'1ned wood and 23 attri buted to the 

removal of the 3 inches in diameter and greater downed wood (Figure 6). 

An additional qualification on the ability of these 2 models 

involves extreme data cases. Four of the data set 1 cases have at least 

20 square feet of basal area in aspen. These cases have more herbage 

than other sites of comparable density. Elimination of those 4 cases 

reduces .the maximum herbage weight (PDGFS) from 1,025 to 390 pounds per 

acre and the maximum herbage canopy cover (CCGFS) from 81 to 74 percent. 

The mean of PDGFS is reduced from 87 to 84, while that of CCGFS remains 

at 16. Separate grass and forb measures are correspondingly reduced. 

The effect on other variables of the loss of these 4 cases is very little 

or nil. In addition, the range and mean of SBE is essentially unaffected 

by the loss of the 4 cases. 

Deletion of the 4 cases has little effect on the coefficients of 

the terms in the multiple regression models except for the coefficients 

of PDGFS and PDGFS· 75 . For the basic model, the difference in the 
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effect on SBE between the two herbage coefficients is only 5 SBE units 

within the range of PDGFS for the limited data set of 390 pounds per acre 

(see Figure 5). Beyond that point, however, the difference increases 

considerably. The effect of herbage on SSE increases gradually to a 

maximum of 123 SBE units at 1,042 pounds (slightly beyond the maximum 

case of 1,025 pounds) of herbage per acre with the full data set basic 

model. With the reduced data set model, the effect on SBE of herbage 

weight increases to 95 SBE units at 542 pounds, and then gradually 

decreases to 73 SBE units at 1,025 pounds per acre. Because both models 

show SSE rising, at a decreasing rate, as PDGFS rises within the range of 

PDGFS for the respective data sets, they each have intuitive appeal for 

use within the bounds of their respective data sets. However, because 

the model based on the reduced data set would predict decreasing SSE at 

herbage weights above 542 pounds per acre, a counter-intuitive notion, 

the model based on the full data set is preferable for general use, where 

it might be in fact be used to predict SBE for sites of unusually heavy 

herbage amounts. 

Data Set 2 Models 

Less detail will be presented regarding the models selected for 

focus from data sets 2 and 3, largely because the same restrictions and 

warnings apply to these models. Figure 8 depicts the stepwise solution 

to the basic variable set (Table 12) for the post-Ilarvest sites (data set 

2). The potential effect of all 4 variables, within the range of the 

original data, is greater than the model standard error of 29 SBE units. 

Among the 4 independent variables in the model, herbage has the greatest 



+60 

Change +40 
in 

SBE 

+20 

o tK:= 

-20 

-40 

Figure 8. Change in SBE with Change in Independent Variables for Post-harvest Basic Model 

SBE = 5.49-.0255PP4+2.4667PP24+ +.0644PDGFS-.0076DWVTOT. 

I-' 
~ 
\.0 



150 

potential effect on predicted SBE (of +51 units at 795 pounds per acre). 

The maximum potential effects on SBE, within the bounds of data set 2, 

are -33, +32, and -32 SBE units for PP4, PP24+, and DWVTOT, respectively. 

The stepwise model resulting when detailed downed wood variables 

are substituted for total downed wood in the basic variable set (Table 

18) is depicted in Figure 9. The two downed wood variables (DWVO and 

PCTSL) and the herbage variable (PDGFS) can, within the bounds of the 

data, each cause a change in SBE substantially above the model standard 

error of 25 SBE units. 

This model suggests that, given a mixed context, the SBE of an 

area with no downed wood or pine saplings is at least 47, and that it can 

increase to 99 with sufficient herbage (the maximum SBE for data set 2 is 

93). However, on the negative side, an area of 29 cubic feet of small 

diameter downed wood (DWVO), all slash (PCTSL), with no herbage, can be 

assigned an SBE of -72, or lower if pine saplings are present. This is 

well below the minimum SBE for the data set of -48. Clearly this model 

must be used with care. 

The apparent implication of the data set 2 detailed downed wood 

model is that only small diameter downed wood affects scenic beauty. 

However, this is far from true, since all categories of downed wood are 

negatively correlated with SBE. Rather, the small diameter downed wood 

i5 the most displeasing of the categories measured, and is sufficiently 

correlated with the other categories so as to represent them in the 

stepwise solution. In practice, in any case, larger diameter downed wood 

would be removed in the course o~ removing the small diameter downed 

wood. 
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Data Set 3 Models 

Figure 10 depicts the stepwise solutions to the basic variable set 

(see Table 12) and detailed downed \'Iood variable set (see Table 17) 

for data set 3 (pre-harvest stand-level data). The former model has· only 

2 independent variables (PP24+ and PDGFS), while the latter has 3 (PP24+, 

PDGFS, and DWVO). The standard errors of the models are 14 and 12 SBE 

units, respectively, which is well below the maximum effect on SBE of 

each independent variable within the bounds of data set 3 (Figure 10). 

The apparent implication of both data set 3 models, as well as the 

data set 2 models, is that only certain sizes of pine trees are important 

for scenic beauty. However, the fact that variables representing other 

tree size classes did not enter the stepwise models does not suggest that 

trees of such sizes are unimportant for scenic beauty. We can only 

conclude that numbers of trees in the size classes of non-included 

variables are of little importance for explaining variance in SBE for the 

types of sites and stands included in data sets 2 and 3 once other size 

classes have entered the model. 

Comparison of Model Results for Pre-harvest Conditions 

Predicted SBEs of the 6 selected models were compared for 6 

hypothetical ponderosa pine stands. The 6 stands, which range from 20 to 

120 square feet of basal area per acre, are all-aged stands each 

conta i ni ng trees from 1 to 30 inches dbh (Table 30). Tree size 

distributions of each stand reflect a Q-value of 1.2, such that the 

number of trees in any I-inch diameter class is 1.2 times the number in 

the next larger I-inch class. Herbage \'/eight increases as overstory 
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Table 30. All-aged Stands of Differing Density 

Basal area {ft2/acre} 
Ponderosa pine (trees/acre)a 

0.1 to 4.9 inches dbh 
5 to 15.9 inches dbh 
16 to 23.9 inches dbh 
> 24 inches dbh 

Herbage (lbs./acre)b 
Predicted SBE 

Data set 1 
basic model (1) 

detailed downed wood model (2) 
Data set 2 

basic model (3) 
detailed downed wood model (4) 

Date set 3 
basic model (5) 
detailed downed wood model (6) 

a Based on a Q-value of 1.2. 

20 40 60 80 

30 59 86 118 
24 48 69 95 
2.9 5.6 8.2 11.4 
0.6 1.3 1.8 2.5 

617 420 313 254 

98 
102 

46 
86 

205 
179 

84 
88 

34 
73 

133 
126 

72 
77 

28 
65 

95 

98 

63 
69 

25 
61 

76 
84 

100 

149 
119 

14.3 
3.2 

222 

58 
64 

24 
58 

67 

78 

120 

183 
145 
17.3 
3.8 

204 

54 
61 

23 
56 

63 

75 

b Based on the following equation: PDGFS = 183.13 + (22.45ANNPRE + 58.52S0IL -
1.36ANNTEMP) (e-·0084GSL)3. The equation form is a modification of Clary (1978). The 
equation was calibrated with data for 9151 plots collected for 20 years on Beaver Creek 
Watershed {H. Brown, et al. 1974} and on Wild Bill Experiment Range (Pearson and Jameson 
1967). Average Woods Canyon amounts of 26, 43, and 4.5 were used for ANNPRE (annual 
precipitation), ANNTEMP (annual average temperature), and SOIL (average soil depth), 
respectively. ..... 
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density decreases. The herbage estimates are of potential herbage, and 

were obtained using an equation developed from data for pine stands on 

the Coconino National Forest (Table 30). Livestock or wildlife grazing 

would reduce the herbage estimates. 

Site-level Models 

SBEs predicted using each of the 6 models, for each of the 6 

timber stands, assuming no downed \'/ood, are listed in Table 30 and 

graphed in Figure 11. Three of the 4 models based on site-level data 

(selected models 1, 2 and 4) yield very similar estimates of SBE, 

differing at most by 16 SBE units at 20 square feet of basal area. The 

other site-level model (model 3) yields consistently lower estimates of 

SBE. The data set 1 models, which are based on pre-harvest sites, show 

SBE decreasing by more than 40 SBE units as .density increases from 20 to 

120 square feet of basal area. The data set 2 models, which are not 

designed for pre-harvest conditions, are less sensitive to this density 

change, and show a decrease in SBE of less than 30 SBE units. 

Stand-level Models 

The data set 3. models (models 5 and 6 in Figure 11) are not 

applicable to most of these hypothetical stand conditions. Except for 

the 120 square foot stand, the herbage weights are greater than the 

weights of any data set 3 cases. The minimum basal area of the 23 data 

set 3 stands is 84 square feet per acre. In addition, maximum SBE for 

data set 3 is 64 SBE units, which is below all predicated SBEs for model 

6. The large herbage weight values for the hypothetical stands of lower 
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density cause predictedSBEs for the hypothetical stands to rise far 

above those for models 1 through 4 (Figure 11). 

While stand-level models account for more of the variance in SBE 

than the site-level models, their range of application is obviously 

consi derably narrower. There are 3 major reasons why the stand-l evel 

(data set 3) models are not useable with the hypothetical stands of Table 

30. First, most of the stands were inventoried during June, July, and 

August, a lthough potential herbage producti on, such as that 1 i sted in 

Table 30, is not reached until September. Second, and more important, is 

that at least a portion of all pre-harvest stands were regularly grazed. 

While isolated sites may have contained heavy herbage amounts, these 

sites were averaged in with other sites to obtain stand averages. If 

grazing were to reduce herbage weight by 50 percent, those amounts Hould 

fall within the range of the data for all but the least dense of the 6 

hypothetical stands. Finally, as stated above, and most importantly, the 

hypothetical stands of 80 square feet and less are less dense than any 

data set 3 stands. 

Doltmed Wood 

The effect of introduction of downed wood to the 6 hypothetical 

stands differs among the 6 models. If mean data set 1 downed wood 

quantities were present on the hypothetical stands, predicted SBE would 

decrease by 5, 15, 10, 31, 0 and 25 SBE units for the 6 models, 

respectively. 

For each of the 3 data sets, the detailed downed wood models are 

more sensitive to the mean pre-harvest downed wood quantities than the 
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basic models. Also, among the 4 site-level models, the post-harvest 

models are more sensitive to downed wood than the pre-harvest models. 

This, of course, suggests that subjects tended to key more on downed wood 

when it was more obvious and variable among the slides presented for 

rating. 

Spatial Distribution of Forest Characteristics 

The relationship between scenic beauty and stand density depicted 

in F~gure 11 shows a clear preference for stands of only 20 square feet 

of basal area. However, because of the data upon which the models are 

based, we cannot conclude that large areas of such sparse stands are 

preferable to areas of a mixture of stand densities. First of all, most 

sparsely treed inventory shes were surrounded by areas of greater 

density. Because it is easier to see surrounding, un-tallied, trees when 

one is in a sparse stand, it is likely that many photographs taken in 

sparse stands showed denser areas in the distance. More importantly, all 

subjects responded to a mixture of slides representing a wide range of 

stand densities, somewhat similar to the mixture of sites one would see 

on an actual trip through similar forests. The fact that, in relation to 

dense sites, sparse sites were preferred, does not prove that uniformly 

sparse forests are preferred to denser forests or forests of mi xed 

density. The importance of spatial distribution of a variety of stand 

conditions on preferences for forest areas must be understood before the 

near-view scenic beauty models can be fully and appropriately applied to 

forest management. 
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Cross Validation of Models 

Two types of cross-validation measures were obtained. First, the 

six selected models, developed from data sets representing Woods Canyon 

and Bar-M Watersheds, were tested across the data sets to explore the 

importance of the time since harvest (pre-harvest versus post-harvest) 

and data level (site versus stand) distinctions. Second, site-level 

models were tested for applicability to data sets used by Schroeder and 

Daniel (1981). 

Distinctions Among the Six Selected Models 

Models have been developed separately for pre-harvest cases 

represented by SBEs obtained in a pre-harvest context and post-harvest 

cases represented by SBEs obta i ned ina mi xed pre- and pas t-harves t 

context because sceni c beauty judgements were obtained for the two 

contexts, as descri bed in the Approach Chapter. Nore general models 

could be built if SBEs, and associated biophysical data, obtained from 

different slide presentation contexts could be combined into one data 

set. The importance for modeling purposes of keeping the pre-harvest and 

post-harvest cases separate was first tested by comparing the SBEs for 

111 sites which were shown in both contexts. The simple correlation 

between the two sets of SBEs for those slides was .69, considerably lower 

than the correlation between SBEs for slides shown repetitively in the 

same context, of about .84. 

The importance for modeling purposes of keeping the two sets of 

cases separate was then tested by evaluating the predictative c2pability 

of data set 1 models on data set 2 cases, and vice versa. Data set 1 
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Table 31. Test of Six Selected Models Based on Correlation of Predicted 
versus Actual SBE 

Data Set 

Model 1 2 3 Coconinoa,c Coloradob,c 

2 
--------------------- R --------------------------

Basic variable set, 
data set 1 .49 .09 .70 .33 .08 

Deta i 1 ed do\'lned 
wood, data set 1 .51 .10 .77 .35 .12 

Basic variable set, 
data set 2 .24 .19 .46 .17 .02 

Detailed downed 
wood, data set 2 .23 .41 .57 d .01 

Basic variable set, 
data set 3 .36 .08 .70 

Detailed downed 
wood, data set 3 .41 .10 .80 

a Based on 31 sites. 
b Based on 29 sites. 
c Sites with no damage, overstory of at least 90 percent ponderosa 

pine, and less than 10 percent of the downed wood as sound slash. 
d Not available because PCTSL was not recorded. 



161 

models performed very poorly on data set 2, accounting for only 10 

percent of the vari anee in data set 2 SBE, cons i derab ly below the 

variance accounted for by the data set 2 models (19 and 41 percent for 

the basic and detailed dO\vned wood models, respectively, Table 31). 

Similarly, data set 2 models performed poorly on data set 1, accounting 

for only 24 percent of the variance in data set 1 SSE, while the data set 

1 models accounted about 50 percent of that variance (Table 31). Thus, 

the time s·ince harvest distinction appears to be very important for the 

site-level data. The importance of this distinction must result from 

both the difference between pre- and recent post-harvest sites and the 

difference between the two slide presentation contexts. 

The importance of the data level distinction was tested by 

evaluating the predictive capability of site-level (data set 1) models on 

stand-level (data set 3) data, and vice versa. Data set 1 models 

performed almost as \l/ell as data set 3 models on data set 3 data, 

explaining at least 70 percent of the variance in data set 3 SSE (Table 

31). However, data set 3 models did not perform as well as data set 1 

models in predicting data set 1 SBE. Data set 3 models accounted for 

only about 40 percent of the variance in data set 1 SBE compared with 50 

percent for the data set 1 models (Table 31). Thus, while the site-level 

models equaled the stand-level models in predicting stand-level SBE, the 

stand-level models were less effective than site-level models in 

predicting site-level SBE. 
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Application of Models to Other Ponderosa Pine Areas 

Basic and detailed downed wood site-level models were applied to 

the Coconino National Forest and Colorado Front Range data sets used by 

Schroeder and Daniel (1981). Because the Woods/Bar-M sites were almost 

entirely free of insect and disease damage and were forested almost 

entirely with ponderosa pine, only those sites of the Coconino and 

Colorado data sets without damage and with overstories of at least 90 

percent ponderosa pine were used. 

Initially, only sites with less than 10 percent of the downed wood 

in sound slash were selected, resulting in data subsets of 31 and 29 

cases for the Coconino and Colorado areas, respectively. Data set 1 

models performed reasonably well on the Coconino sites, accounting for 

about 34 percent of the variance in SBE (Table 31). However, data set 1 

models performed poorly on the Colorado sites, accounting for only about 

10 percent of the variance in SBE. Data set 2 models performed poorly on 

sites from both areas (Table 31). 

The variables which entered the stepwise solutions to the basic 

variable set (Table 12) and detailed downed wood variable set (Table 12) 

were applied to the Coconino and Colorado data subsets. Models of the 

variables which entered the Hoods/Bar-M data set 1 equation (second 
2 . 

equation, Table 12) have R s of .43 and .34 fOI' the Coconino and 

. Colorado data subsets, respectively. The Coconino model was significant 

at the .05 probability level, but only PP24+ had an F-level above 4.0. 

The Colorado model was not significant at the .05 probability level. 

Models of the detailed downed w60d variables which entered the 
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Woods/Bar-M data set 1 equation (first equation, Table 18) have R~s of 

.42 and .45 for the Coconino and Colorado data subsets, respectively. 

However, neither model is significant at the .05 probability level. And, 

models of the detailed downed wood variables which entered the 

Woods/Bar-M data set 2 equation (second equation, Table 18) had R2s of 

.30 and .50 for the Coconino and Colorado data subsets, respectively. 

(Note, however, that PCTSL was not available for the Coconino data 

sUbset). Both models were significant at the .05 probability level, 

although PP4 contributed very little to either model. 

Removing the restriction on the proportion of downed wood which is 

sound slash increased the Coconino and Colorado data subsets to 35 and 60 

sites, respectively. A sim'jlar analysis on these subsets resulted in 

models significant at the .05 probability level, but of generally lower 

R2 than those for site~ with only a limited proportion of sound slash. 

In general, we must conclude that the stepwise models derived for 

the Woods/Bar-M sites do not apply well to the Coconino and Colorado 

Front Range areas. However, these cross-validation tests raise 

interesting issues regarding the possibility of a general ponderosa pine 

scenic beauty model. First of all, the contexts in \'Ihich the Coconino 

and Colorado slides, for the sites used in these tests, were shown were 

different from the contexts of the Woods Canyon and Bar-M slides. The 

Coconino slides were shown among slides which contained other vegetation 

types, from pinyon and juniper to aspen and fir. The Colorado slides 

were shown among slides \'Ihich contained juniper, lodgepole pine, 

considerable mountain pine beetle damage, plus generally steeper slopes 
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than the Arizona sites. These context differences could significantly 

affect the applicability of Woods/Bar-M models to the Coconino and 

Colorado data subsets. 

Second, calibration of models, containing the basic and d~tailed 

downed wood model variables, on the Coconino and Colorado data subsets 

resulted in models of substantialy higher R2s than the R2s obtained 

when the Woods/Bar-M models were directly applied to the Coconino and 

Colorado data. The improvement with calibration occurred in spite of 

context effect problems. Furthermore, exami nati on of the models 

developed by Schroeder and Daniel (1981) and of the Coconino and Colorado 

data sets, suggests that more successful models could be obtained if 

shrub weight (PDSH) were separated from grass and forb weight and if the 

number of ponderosa pi ne from 16- to 24-i nches dbh (PP1624) were 

available. 

It seems un like ly that one model, of gi ven va ri ab 1 es and 

coefficients, will adequately represent all Southwestern ponderosa pine 

forests. However, the variables which should be included in a general 

model for largely damage-free sites or stands, to be calibrated for 

specific areas, can be roughly articulated at this point. These 

variables include numbers of ponderosa pine in the sapling (PP4), pulp 

and small sawtimber (PP516), intermediate sawtimber (PP1624), and mature 

sawtimber (PP24+) size classes; herbage in the grass and forb classes 

(e.g., PPGRFO) and shrub class (e.g., PDSH); downed wood in the very 

small (DWVO), small (DWV14 plus DWV1), and large (DWV3+) size classes; 

and some measure of slash proportion (e.g., PCTSL). In addition, aspect 



(for site-level models), tree grouping (TG), mechanical disturbance 

(MECH), and number of brush piles (BRUSH) may prove helpful. 

Effect of Harvest on Scenic Beauty 
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Let us begin with an all-aged ponderosa pine stand of 120 square 

feet of basal area per acre (first column, Table 32), identical to that 

described in the previous subsection. VJhat are the initial and long 

range effects on scenic beauty of harvests which reduce stand density, 

yet maintain the all-aged stand character (other columns, Table 32)? 

Short-run Effects of Harvest 

Data set 2 models are appropriate for estimating the initial 

effect of harvest on scenic beauty. Assuming all slash \'/ere removed 

following harvest, selected data set 2 models would show gradually 

increasing SBE with heavier harvests, as depicted in Figure 11. But, if 

some or all of the slash is left on site, SBE may be greatly affected. 

However~ the predicted effect depends on the model one uses. If the 

basic model (Figure 8) is used, slash cleanup has little effect on SBE 

(Figure 12), but if the detailed downed wood model (Figure 9) is used, 

the effect of slash cleanup is dramatic (Figure 13). This latter model 

is very sensitive to slash percent (PCTSL) and small diameter downed \'/ooc! 

(DWVO). In our example, all downed wood is slash, and much of it is of 

small diameter, because it consists of only branches and tops of less 

than 5 inches in diameter (all other wood is assumed to be harvested). 

The choice among the basic and detailed dm'lned wood models is 

obviously crucial. The basic model, which lumps all downed wood volume 



Table 32. Effect of Harvest of an All-aged Stand of 120 Square Feet of Basal Area Per Acre 

Basal area (ft2/acre) 120 115 110 105 
Ponderosa pine (trees/acre) 

0.1 to 4.9 inches dbh 183 175 166 158 

5 to 15.9 inches dbh 145 139 132 126 

16 to 23.9 inches dbh 17.3 16.5 15.8 15.1 

> 24 inches dbh 3.8 3.7 3.5 3.4 
Herbage 204 207 211 215 

(lbs/acre) 
Downed wood (ft3/acre)a 

Total 0 41 81 122 

<! inch diameter 0 8 15 23 
>3 inch diameter 0 6 12 17 

a Downed wood created with harvest. 
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Change in Basal Area (ft2/acre) with Harvest 

Figure 12. Change in SBE with Harvest of a stand of 120 Square Feet of 
Basal Area as Predicted by Basic Site-level Scenic Beauty 
Models 

a No downed wood removal. 
b Removal of one-half of downed wood. 
c Complete removal of downed wood. 
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Figure 13. Change in SBE with Harvest of a Stand of 120 Square Feet 
of Basal Area as Predicted by Detailed Downed Wood 
Site-level Models 

Dotted lines indicate that model is being used outside 
the range of the original data. 

a No downed wood removal. 
b Removal of one-half of downed wood. 
c Complete removal of d6wned wood. 
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into one variable, is not sensitive to changes in very small diameter 

downed wood because the volume of such small \'Iood contributes very little 

to total volume. Yet, scenic quality is more sensitive to small diameter 

downed wood volume, as well as the character (natural versus slash) of 

the downed wood, as evidenced by the 100 percent increase in coefficient 

of determination \'Jhen DWVO and PCTSL are substituted for DWVTOT 

(comparing Tables 12 and 18). 

Unfortunately, as shown by the dotted lines in Figure 13, most of 

the predicted SBEs for the no-slash-removal option, and some of the SBEs 

for the one-half-slash-removal option, are based on estimates of small 

diameter downed wood (DWVO) which outstep the bounds of the original 

data. The recent harvest sites included in data set 2 did not include 

sites of such a drastic harvest level as the heavier harvests considered 

here. 

We must remember that the data set 2 models selected for use here 

do not tell the whole story. As seen in models including variables not 

included in these models, such as variable MECH (mechanical disturbance), 

harvest has initial deleterious effects on scenic beauty which do not 

depend on downed wood. 

Long-term Effects of Harvest 

Data set 1 models are appropriate fot' estimating the long-run 

effect of harvest on scenic beauty. As with the short-run effects, the 

models show a preference for heavier cuts if all slash is removed (Figure 

11). If the basic variable set model is used, there is little apparent 

advantage to slash removal (Figure 12). However, the detailed 
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dm·med wood model shows marked improvement in scenic beauty if at least 

one-half of the slash is removed (Figure 13). 

Also, as seen by comparing the results of the data set 1 detailed 

downed wood model to those of the corresponding model of data set 2 

(Figure 13), the improvement in scenic beauty is less in the long-run. 

In other words, the deleterious effect on scenic beauty of slash 

diminishes with time. This seems logical, because with time the slash 

deteriorates, and the small diameter downed wood, which was initially 

suspended because of attachment to larger branches and tops, falls to the 

ground. 

Cost of Improving Scenic Beauty following Harvest 

The cost of improving scenic beauty by removing slash following 

all-aged harvest is seen for 2 moderate harvest levels in Figures 14 and 

15. In the short-run, following a harvest of 20 square feet of basal 

area from a site of 120 square feet, SBE can be improved by 121 SBE units 

(data set 2 detailed downed wood model) for a cost of about $19.40 per 

acre in 1977 dollars (Figure 14). Removal of one-half of the slash costs 

nearly as much ($15.40 per acre) and causes a 93 unit increase in SBE. 

Follo\'Jing a harvest of only 10 square feet of basal area. scenic beauty 

can be improved by 93 SBE units for a cost of $15.40 per acre (Figure 

14). These changes can be compared with a range in SSE of 141 units for 

data set 2. 

In the long-run, expenditure of $19.40 per acre following harvest 

of 20 square feet of basal area would have improvp.d scenic beauty by 29 

SBE units based on the data set 1 detailed downed wood model (Figure 15). 
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Figure 14. Cost of Improving Scenic Beauty (SBE) in the Short Run 
by Slash Removal following Harvest of an Area of 120 
Square Feet of Basal Area per Acre 
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The improvement, and cost, are of course, lower for lighter harvest and 

less removal. These changes can be compared with a range in SBE of 205 

units for data set 1. 

Multiresource Tradeoffs over Time 

Changes in timber, herbage for livestock, and water runoff yields 

from forest land, and management costs, can be assigned defensible 

monetary estimates of value, with the necessary assumptions of welfare 

economics. Changes in scenic beauty are not so easily valued in monetary 

terms, and no attempt is made here to do so. However, some guidance for 

management can be garnered from examining the tradebffs between scenic 

beauty, on the one hand, and net returns to society in terms of timber, 

herbage, and water yields and management costs, on the other hand. These 

tradeoffs were estimated by simulating the biophysical yields and scenic 

beauty for numerous forest management alternatives over a 170-year 

planning horizon. The duration of the planning horizon is somewhat 

arbitrary for all-aged management. A long period It,as used so that long 

run averages could be accurately computed. 

Simulation 

The 4 selected s i te-l eve 1 scen i c beauty mode 1 s were 1 inked to 

ECOSIM (Rogers et al. 1983). All of the independent variables used in 

the 4 selected scenic beauty models are projected by ECOSIM. The 4 

models were used to provide 2 estimates of average annual scenic beauty 

for each alternative, one estimate based on basic models and one based 

on detailed downed \'Iood models. It vIas assumed that the post-hal'vest 
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model in each case applied for the first 10 years following a harvest, 

and that the pre-harvest model in each case applied to all years except 

the first 10 years following a harvest. Because the alternatives called 

for a 20-year cutting cycle, each of the scenic beauty estimates resulted 

from using a pre-harvest model one-half of the time and a post-harvest 

model the remainder of the time. 

Alternatives 

As described in the Approach chapter, uneven-aged alternatives 

differing in density level, slash removal level, and maximum size trees 

\'/ere simulated. 

and 4 percent. 

The two maximum size trees reflect discount rates of 0 

Figure 16 shows the percent change in the number of board 

feet, $chribner, of a ponderosa pine trees growing in an area of site 

index 75 (r~i nor 1964) and basa 1 a rea of 80 squa re feet per acre. 

Assuming the real price of timber is increasing at 2 percent per year, as 

it has on the average for the past 100 years (Manthy 1978), a tree should 

not be left to grow past 24 inches dbh, where the growth rate is 2 

percent, if the applicable discount rate is 4 percent (Figure 16). This 

size would be reached at about 138 years of growth. For a stand of 120 

square feet of basal area, this limit would be reached at 21 inches dbh, 

and for a stand of only 20 square feet, the limit would be reached at 26. 

inches dbh. Because stands of various density levels were simulated for 

this analysis, a compromise of 24 inches dbh for the 4 percent discount 

rate was used. 
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The appropriate rule for a 0 discount rate is to harvest the tree 

when it reaches the maximum mean annual increment to volume. As seen in 

Figure 16, this occurs at about 43 inches dbh (360 years of age). 

Corresponding maximums for stands of 120 and 20 square feet of basal a~ea 

occur at 42 and 45 inches dbh. Forty-three inches was used here for all 

density levels. 

All alternatives were simulated for an area reflecting average 

Woods Canyon conditions. Initialization requirements for the simulations 

using ECOSIM include the following: 

minimum merchantable sawtimber dbh - 12 

site index - 75 

average slope - 10 percent 

average aspect - 90 degrees 

forage edible by cattle - 82 percent 

proper allowable use - 35 percent 

average annual temperature - 47 degrees Farenheit 

initial dead material on floor (tons): 

fermentation and humus layer - 12.1 

1 itter - 1.1 

.01 to .25 inches in diameter 0.12 

,25 to 1.0 inches in diameter 0.85 

1 to 3 inches in diameter - 1.2 

3 inches and greater in 

diameter, sound - 1.8 



3 inches and greater in 

diameter, rotten - 5.2 

average annual precipitation - 26.5 inches. 
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Adequate natural regeneration was assumed for all alternatives. 

It was assumed that the area was grazed, and that cattle eat 29 percent 

of the total available forage. Furthermore, it was assumed that 90 

percent of the water yield increases reach downstream reservoirs (Brown, 

O'Connell, and Hibbert 1974) and that 10 percent of that is spilled and 

lost. Thus, 81 percent of the runoff is actually used and valued. 

Finally, it was assumed that there is no flood damage. 

f~onetary values--The following estimates by Brown (1982), in 1977 

dollars, were used: 

sawtimber - $100 per thousand board feet 

pulpwood - $6 per cord 

forage for livestock - $2 per animal unit month 

water. yield - $24 per acre foot 

The follo\,/ing costs \'/ere obtained, in 1977 dollars, from USDA 

Forest Service records: 

sale preparation - $5.00 per acre 

sale administration - $4.00 per acre 

slash pile burning - $3.40 per acre 

road construction and maintenance - $14.50 per acre. 

Pre-commercial thinning cost was estimated as $1.38 per square foot of 

basal area removed (Turner and Larson 1972). Finally, slash piling cost 



was calculated as $8. + $0.40X, where X l'epresents total hasal area 

removed (Turner and Larson 1972). 

Results 
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Figure 17 depicts scenic beauty - net present worth tradeoffs at 

various stocking levels for different slash cleanup levels, assuming that 

the maximum tree size is 43 inches dbh. Each of the 3 curves in Figure 

17 was drawn by connecting pOints representing alternative stocking 

levels. Only the no-slash-cleanup results are plotted for the basic 

variable set models. A similar curve for complete slash cleanup would 

fall slightly above and to the left of the no-slash-cleanup curve. Fewer 

than 3 SBE units are gained by slash cleanup, at any stocking level , 

according to the basic variable set models. However, the results of the 

detailed downed wood models show considerable improvement from slash 

cleanup. At average annual stocking levels of from 39 to 160 square feet 

of basal area, scenic beauty is improved by from 30 to 35 SBE units at a 

cost of approximately $30 per acre in net present value assuming a 4 

percent discount rate. And, at average annual stocking levels between 39 

and 110 square feet of basal area, scenic beauty can be improved by from 

27 to 32 SBE units at no net cost by i ncreas i ng average annual dens ity 

about 3 square feet and clearing up the slash following harvest (Figure 

17) . 

Curves for both sets of models, regardless of slash cleanup, are 

quite straight at lower stocking levels (Figure 17). For average annual 

stocking levels between 39 and 123 square feet of basal area, the basic 

models show a gain of $30 in net p~esent worth (discount rate again 4 
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percent) per acre for each unit loss in SBE as stocking level increases. 

And, for average annual stocking levels between 39 and 106 square feet of 

basal area per acre, the detailed downed wood models show a gain of 

about $11 in net present worth per acre for each unit loss in SBE as 

stocking level increases. As stocking level increases above about 120 

square feet of basal, net present worth declines and scenic beauty either 

remains rather constant, up to 160 square feet (basic variable set 

models), or declines (detailed downed wood models). 

Figure 18 depicts scenic beauty-net present worth tradeoffs at 

various stocking levels for the two different maximum size trees. As in 

Figure 17, each of the curves were dravm by connecting points 

representing alternative stocking levels. The curves in Figure 18 result 

from use of the detailed downed wood site-level models. The basic 

variable set models give similar results to, but less distinct 

differences between alternatives than, the detailed downed wood models. 

The two curves in Figure 18, representing the two maximum size 

trees, exhibit a tradeoff betv/een scenic beauty and net present worth at 

stocking levels up to about 123 square feet of basal area. Beyond that 

point both scenic beauty and net present \vorth decline. At any stocking 

level, average annual scenic beauty increases slightly with increase in 

the maximum size tree. This applies whether a 4 percent discount rate 

was used, as in Figure 18, or the 0 percent rate was used, to calculate 

net present worth. 

At any stocking level, there is at most a 7 SBE unit difference in 

scenic beauty betvJeen the 24-inch arid 43-inch dbh maximum size tree 
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alternatives. At a given scenic beauty level, for stocking levels of 

less than about 100 square feet of basal area per acre, net present worth 

is nearly identical for these tltJO sets of alternatives. However, 

at stocking levels greater than about 115 square feet of basal area, 

there is a loss in net present \'lOrth, at a given scenic beauty level, of 

about $80 per acre with the larger maximum size tree (Figure 18). In 

other words, maintaining a maximum tree size of 43 inches dbh, rather 

than one of 24 inches dbh, adds very little to scenic beauty, but causes 

a substantial loss in net present worth at higher stocking levels. There 

seems to be little justification, given the detailed downed wood models, 

in letting trees grow to 43 inches dbh. 



CHAPTER 10 

SUMMARY AND CONCLUSIONS 

The principal objectives of the study reported herein were to 

better understand the relationship between near-view forest scenic beauty 

and biophysical features of the scene and to estimate the cost of 

providing improved scenic beauty in terms of forgone timber, forage for 

livestock, and water yields and in terms of management costs. The major 

portion of this report focuses on developing and using multiple 

regression models to facilitate these objectives. 

Timber stands were delineated, using standard timber management 

criteria, on Woods Canyon and Bar-M Watersheds on the Coconino National 

Forest in north-central Arizona. All stands were predominately of 

ponderosa pine, with Gambel oak mixed in throughout. Individual sites in 

these stands ranged in density from 20 to 380 square feet of basal area 

per acre. 

Selected stands were inventoried at 15 points (sites) per stand. 

Overstory, herbage, downed wood, and ground cover features were measured 

us i ng wi de ly accepted forest inventory procedures. Four color s 1 ides 

I'Jere taken at each site for use in obtaining scenic beauty judgements. 

The most important inventory procedures, for subsequent modeling efforts, 

were used on 24 stands prior to timber harvest, and on 4 of those stands 

for two consequentive years following harvest. 

Eighty-two biophysical variables were originally delineated as a 

result of the on-site inventory. Through the lise of factor and 

regression analyses, variables were combined or eliminated to yield a 
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184 

considerably reduced variable set. Subsets of the reduced variable set 

were used in numerous stepwise regressions designed to isolate models 

which efficiently predict scenic beauty, and to test the utility for 

prediction of variable groupings likely to be available to forest 

managers. 

Groups of about 130 slides each were shown to people who rated the 

slides for scenic beauty on a 10-point scale. At least 25 people, who 

\'/ere not officially representing any particular natural resource or 

outdoor-related group, rated each slide. The ratings \'/ere scaled to 

provide interval scale SBEs for each slide, and the 4 SBEs per site were 

averaged to yield site SBEs. 

Two types of slide groupings, herein called contexts, were shown 

to subjects. The first contained only the pre-harvest slides, and the 

other contained the post-harvest slides plus some pre-harvest slides. 

Models were developed from data sets reflecting these two scenic beauty 

judgement contexts. 

stand-level data. 

Models were also developed for site-level data and 

Stand level data was obtained by averaging the 

site-level data for the 15 sites per timber stand. 

The models show that, for the Woods/Bar-M area (it is assumed that 

all conclusions, unless other\'1ise stated, apply only to this area), 

verbal indications of relative scenic beauty of near-view forest scenes 

can in large part be interpreted in terms of biophysical site 

characteristics. Among sites which showed no signs of recent harvest, at 

least 60 percent of the variance in perceived scenic beauty can be 

explained by field measurements of biophysical characteristics. And, 
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'.'Ihen site-level data are aggregated to the timber stand level, the 

variance accounted for is over 80 percent. For recently harvested sites, 

represented by SBEs obtained in the mixed pre- and post-harvest slide 

judgement context, the amount of the variance in perceived scenic beauty 

explained by the measured biophysical characteristics drops to at most 50 

percent. However, there is some indication that this can be considerably 

improved at the stand level. 

Herbage has by far the greatest positive effect on scenic beauty 

of all the biophysical characteristics. The most visually important 

meas ure of herbage, combi ned herbage canopy of gras ses, forbs, and 

shrubs, accounted for 48 percent of the variance in scenic beauty of 

pre-harvest sites in general, for 67 percent in singled-storied 

pre-harvest sites, and for 79 percent in pre-harvest stands. Large 

ponderosa pine trees and Gambel oak of all sizes also enhance scenic 

beauty. Downed wood consistently lO'.'lers scenic beauty, especially as 

slash. In addition, pine saplings and poles detract from scenic beauty 

v/hen they are present in large quantities, and northerly aspects are 

preferred. 

The basic stand table, herbage weight, and total downed wood 

volume variables used in previous stu~jes proved to be the most important 

for predicting pre-harvest site-level SBE, accounting for 49 percent of 

the variance in SBE. The greatest improvements, over the basic 

vari ab 1 es, occur when volume of very fi ne downed \'1ood, aspect, and a 

measure of the degree of tree grouping are additionally available, and 

when herbage canopy and height are available in place of herbage weight. 



186 

The most effective combination of variables increases the percent of the 

variance accounted for by about 10 points above that possible with the 

basic variables only. 

The basic variables are of limited utility in predicting SBE for 

the post-harvest sites, accounting for only about 20 percent of the 

variance in SBE. The greatest improvements occur \'Ihen very fine downed 

weod volume and percent of the small downed wood in slash are 

additionally available, and when herbage canopy replaces herbage weight. 

The percent of the variance in SBE accounted for by the better models is 

over twice that for the model of basic variables. For all sites, ground 

cover and site index variables slightly enhanced prediction, but were not 

adequate substitutes for the basic variables. 

Coefficients of most variables which enter both the pre-harvest 

and post-harvest models differ considerably in amount, but not in sign 

between the two models. However, even the direction of the effect on 

scenic beauty of some biological variables changes from the pre-harvest 

to the post-harvest models. For example, increasing numbers of 

intermediate-sized ponderosa pine (from 16 to 24 inches dbh) detract 

from scenic beauty for the pre-harvest sites, but add to scenic beauty 

for the post-harvest sites. Like\'lise, crown canopy becomes a positive 

variable when recent post-harvest sites are included. In general, the 

distinction between the pre-harvest and post-harv~st data appears to be 

important for modeling. 

Probably the most important sources of unexplained variance in 

scenic beauty involve three aspects of the variable measurement 
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procedures. First, the sample at each inventory site of the independent 

variables left much of the site unmeasured. For example, trees of at 

least 5 inches dbh were tallied using a la-factor prism, herbage was 

sampled in eight 9.6 square foot plots per site, and downed wood was 

sampled along eight 40-foot transects per site. Second, the dependent 

variable resulted from the judgements of many people, who unavoidably 

differ, of sl ides of differing photographic qual ity shov-/n in some\'lhat 

different slide presentation contexts. Finally, a miss-match occurred 

between Itlhat the four photographs per site record, and how the 

biophysical variables were measured. For example, trees are sampled for 

the full 3600 around the inventory center point, while the four 

photographs taken at the point encompass only 1280
• Also, the depth of 

view in the photographs may not correspond well with the location of the 

some biophysical measurements. At very dense sites, some biophysical 

features are measured beyond the photographic depth of view, while at 

sparce sites, considerable areas of the forest seen in the photographs 

are beyond the distance of the biophysical measurements. 

Stand-level models, however, account for up to 87 percent of the 

variance in pre-harvest scenic beauty, indicating that averaging values 

for the sites within a stand ameliorates the problems caused by the site 

sampling procedure. The stand models are very promising because they 

account for much of the variance in scenic beauty with so few independent 

variables. A model of only two independent variables (number of large 

ponderosa pine and herbage weight) explained 70 percent of the variance 

in pre-harvest stand scenic beauty. While such a model, because it 
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includes so few variabes, does not allow some of the finer distinctions 

between sites which can be made with site-level models, the stand-level 

models should be ideally suited to decision making at the timber stand 

level. Testing of these models on another data base, however, would be 

very important before the.y were used outside of the study area. 

Often downed wood and herbage estimates are not available, and 

predictions have to be made on overstory data alone. Site-level models 

do not show great promise here, explaining at most only 30 percent of the 

variance in perceived scenic beauty. However, the pre-harvest 

stand-level overstory model accounted for 55 percent, lending additional 

support to further development of stand-level models. 

This study supports the conclusions of previous studies about 

near-view scenic preferences, with the exception of Arthur (1977). In 

contrast to Arthur, respondents showed clear preference for less dense, 

less clumped tree stands. The contrast probably results from the fact 

that Arthur measured the independent variables directly from the photos, 

while in this study they were measured on-site, and from the small number 

and mixture of pre-harvest and post-harvest cases she used. 

Clear non-linear relationships were found between scenic beauty 

and herbage quantity variables. Less distinct non-linear relationships 

were found between scenic beauty and ponderosa pine basal area, plus 

number of pine saplings, poles, and small sawtimber trees. -In all cases, 

the marginal effect on scenic beauty decreased as the biophysical amount 

increased. A log function was found to best characterize the decreasing 

marginal contribution to perceived scenic beauty of increments of herbage 
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quantity. Thi s fi ndi ng, parti clll arly because it occurs with the 

biophysical characteristics most strongly correlated with perceived 

sceni c beauty, offers support for the bas i c 1 <lit! of psychophys i cs in 

general and for Fechner's claim in particular. However, that support 

does not extend to all biophysical characteristics. A linear function 

best describes the relationship between scenic beauty and many of the 

biophysical site features. 

Respondents generally preferred less dense, less horizontally 

complex pine stands. Less dense stands generally have more herbage and 

fewer small- and intermediate-sized pine trees than denser stands. Less 

horizontally complex stands are characterized by stands of less tree 

clumping. Respondents, however, had no clear preferences regarding 

vertical diversity (number of tree stories) and preferred mature 

even-aged stands over all-aged stands, but all-aged stands over young 

even-aged stands. 

An important aspect of the context in which the respondents 

provided their scenic beauty judgements is the mix of overstory densities 

in the slides. Slides in both the pre-harvest and mixed pre- and 

post-harvest contexts reflected the rather dense nature of the stands in 

the study area. The clear preference for less dense sites of more 

herbage and large trees may not hold in a context of many sparce and few 

dense sites. The importance of the mix of conditions depicted in the 

sl ides must be understood before the resu1 ts presented herei n can be 

applied to estimate the effect of other than marginal changes in existing 

cond it ions. 
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Success in predicting scenic beauty as a function of biophysical 

variables was greater for the pre-harvest cases than for the post-harvest 

cases. Furthermore, among the pre-harvest cases, predi ctabil ity improves 

dramatically as vertical diversity, in terms of number of tree stories, 

decreases. This suggests, of course, that additional variables, perhaps 

of a design nature, are necessary to capture some aspe~ts of more complex. 

scenes. However, it also suggests that more complex scenes and contexts 

complicate the perceptual and judgemental processes involved in rating 

the s 1 ides, and that perhaps different people focused on different 

features of the more complex scenes in providing their judgements. 

Selected models developed from the Woods/Bar-M site-level data 

'.'Jere tested on data representi ng ponderosa pi ne sites throughout the 

Coconino National Forest and on data representing the Colorado Front 

Range. The models generally did not perform as well for these areas as 

they did for the Vloods/Bar-M area, both because the contexts of the slide 

presentations for the other areas differed from that of the Vloods/Bar-M 

slides and because of real differences between the areas. Calibration of 

the Woods Canyon/Bar-M models increased predictability some\'Jhat. 

Predictabil ity could be further improved by separating shrub \'Jeight from 

grass and forb weight, and by including a variable for intermediate-sized 

pine sawtimber. 

The direction of the effect on perceived scenic beauty of most 

biophysical characteristics which are measurable on-site appears to be 

stable regardless of the mix of biophysical features of the site or the 

context of the scenes viewed by respondents. However, the re 1 at i ve 
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contribution of any variable to scenic beauty appears to vary among 

forests and depend, even within relatively small areas, on the context of 

the scenes viewed. 

A general model, complete with coefficients, for all Southwestern 

ponderosa pine would probably be inadequate for most areas. However, it 

seems reasonable at this point to suggest the biophysical variables which 

should be included in a model to be calibrated for individual, relatively 

damage-free ponderosa pi ne sites. These va ri ab 1 es include numbers of 

ponderosa pine saplings, pulp and small sawtimber trees, intermediate 

sawtimber trees, and mature sawtimber trees; weight, canopy, and/or 

height of grasses plus forbs and of shrubs, plus non-linear terms of 

these variables; volume or weight of downed wood less than one-quarter 

inch in diameter and greater than 3 inches in diameter; tree grouping; 

and aspect. 

Throughout this study, scenic beauty has been measured in terms of 

SSE units. The SSE scale, or any other scale directly transformed from 

rating responses, does not allow ratio scale conclusions, such as 

calculation of the percent change in scenic beauty. At best, one can 

consider changes in SBE units relative to the full range of measured 

scenic beauty for a specific area. The range would be easier for others 

to interpret if points along the range were depicted with representative 

photographs. A further step, of considerable expense, is a random sample 

of a large administrative area, which would allow the scenic beauty of 

any given site, or the difference in scenic beauty between two sites, to 

be expressed in terms of a distribution of scenic beauty for a meaningful 

land area. 
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The general impression one receives from examination of the 

evidence presented herein is that people's scenic beauty judgements are 

consistent and intuitively logical. This study provides considerable 

support for the psychophys i ca 1 approach to understandi ng aestheti c 

preference. Not only can the psychophysical model be used to explain a 

large percentage of the variance in perceived scenic beauty, but that 

percentage drops, as we would expect, when scenes become more complex and 

correspondingly more difficult to characterize. 

The scenic beauty models are well-suited to use in forest 

planning. They can be easily linked to biophysical simulation models, 

allowing prediction of near-view scenic effects along with more 

tradtionally quantified forest characteristics. The models allow 

calculation of the change in scenic beauty with harvest, grazing, and 

slash cleanup, and suggest that moderate harvest can improve scenic 

beauty if slash is cleaned up, that grazing can considerably reduce 

scenic beauty, and that slash cleanup dramatically increases scenic 

beauty. The tradeoff between scenic beauty and slash removal cost can 

easily be estimated for a given situation. When a multiresource forest 

simulation model is available, silvicultural management systems can be 

compared for scenic impacts, and long run tradeoffs beb/een scenic beauty 

and timber yield, forage yield, or some monetary measure can be 

calculated. 

In general, an incY'ease in stand density, up to a point, causes 

decreases in scenic beauty, herbage, and water runoff and increases in 

timber yield and total net present wort~ from timber, water, and forage 
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yields minus management costs. Beyond a certain stand density, hm'/ever, 

timber and net present worth also decrease as density increases. At any 

density level, slash cleanup improves scenic beauty. 

This study has focused on statistical models of scenic beauty, 

which characterize the input-output relationships between biophysical 

characteristics and perceived scenic beauty in specific contexts. The 

models allow prediction of relative scenic beauty for sites or stands 

with biophysical characteristics which are sufficiently similar to those 

used to specify the model. The models have been developed without a 

general theoretical basis to suggest causation or guide specification of 

testable hypotheses. However, this study, in conjunction with other 

inventory-based near-view forest scenic beauty studies, perhaps provides 

sufficient empirical basis upon which to begin articulating a theory of 

near-view forest scenic beauty. Such a theory would hopefully yield 

hypotheses about appreciation of scenic beauty which could be tested by 

on-site interview and observation. 



APPENDIX A 

THE SCALING OF RATING RESPONSES 

The Conversion from ratings of a group of people to an SBE for 

each slide, via Daniel and Boster's (1976) "by-slide" procedure, requires 

basically two stages, (1) conversion to a ~tandardized score for each 

slide, and (2) adjustment for the base area. The base area adjustment, 

based on the theory of Signal Detection, is a simple origin adjustment. 

However, stage one, the standardization, is more complicated, and its 

effect less obvious. This scaling procedure, and other ones designed 

for rating data which could be used with scenic beauty ratings, are 

compared here. 

The conversion from ratings of a group of people to a standardized 

score for each slide is based on Thurstone's Law of Categorical 

Judgement, as outlined by Torgenson (1958). The conversion for a single 

slide requires 4 steps: 

1. Calculate the frequency with which the slide was assigned to 

a given category. Ft is the number of times the slide was assigned to 

category t. 

2. Calculate Pt = Ft/n, the proportion of times the slide was 

signed to category t, where n is the number of subjects. 

m 
3. Calculate Q = E P, the proportion of times the slide 

t k=t k 
was assigned to the tth category or higher, where m is the highest 
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rating category (10 in this study). Because Qt = 1.0 for t = 1, the 

lowest category is now dropped. Note that Torgenson (1958) calculates 

the proportion of times the stimulus was assigned to the tth 

category or lower. The variation used here was used by Daniel and 

Boster (1976). 
m 

4. Obtain X = [ E W (Q -to.5)]/m 
t=l 

where w represents the transformation of the cumulative proportion 

Qt - 0.5 to a unit normal deviate (standardized score) with the 

exceptions that if Qt = 1, Qt = 1-1/2n, and if Qt = 0, Qt = 1/2n. 
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This convention for the "0" and "1" cases \'las used by Daniel and Boster, 

who cite Bock and Jones (1968). Unit normal deviates are calculated 

from cumulative proportions by shifting the origin of Qt from ° to 

0.5. Thus a Qt of 0.5 receives a standardized score of 0, a Qt less 

than 0.5 receives a negative standardized score, and a Qt greater than 

0.5 received a positive standard score. The X for a given slide 

represents its relative placement on the categorical rating scale. 

What is the effect of the conversion to standardized scores? This 

can be understood by comparing X with R, a slide's mean rating. Consider 

that 

and 

m 
R = E (tF t) 

t=l-n 

m m m 
Q = S r 'S (S F) 

t=l t t=l k=t ~ • 
n 

Now, it can be shown by example that R Q. Assuming m = 3, 

- --n n n 



and Q = (Fl + F2 + F3) + (F2 + F3) + F3 
n n n 

- -- --
n n n 

m 
Thus R E Qt. Returning to the four steps listed above, we know 

t=l 

m 
X = [ E w (Qt - 0.5) Jim 

t=l 

The essence of the di fference between R and Xis therefore the 
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transformation to unit normal deviates w, because the subtraction by 0.5 

and division by m merely adjust for intercept and slope, respectively 

(i.e., if w = 1, R = a + bX). 

The effect of the standardization (the transformation to unit 

normal deviates) is to more heavily weigh the ratings the farther they 

are from the mean rating. Thus, both normal and skewed distributions of 

Ft may yield the same R yet yield different XiS. 

This comparison of mean ratings to Thurstone scale values suggests 

that there is little difference between the two methods of scaling rating 

responses. In order to test the difference, the correlation of mean 

ratings to Thurstone scale values of those ratings was calculated for 

several data sets. As part of this exercise, 4 other scaling methods 

were also compared. Following a discussion of rating data, and the 

scaling methods, the results of the comparison for 5 different data sets 

are presented. 
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Rating Responses 

It is assumed for rating responses (1) that people possess the 

ability to discriminate bet\'Jeen different visual situations, (2) that 

they use a set of criteria which remain relatively constant during at 

least the course of viewing a set of slides, (3) that using said 

criteria, any given subject will, over repeated judgements of the same 

stimulus, exhibit a mean rating which represents the subject's true 

rating for the stimulus, and (4) that the distribution of ratings about 

this mean will be normal. 

It is further assumed that two people may assign rlifferent ratings 

to the same stimulus for one or more of 3 reasons. The first reason is 

that they may use the rating scale differently. At least two types of 

differences in use of rating scales are possible. First, they may differ 

in terms of the origin of their ratings, assigning different ratings to 

identical stimuli even though the differences between ratings fot' all 

pairs of stimuli are identical in sign and amount. That is, they may 

distinguish between the stimuli in identical fashions, but use different 

portions of the scale to record their judgements. For example, subject A 

may assign ratings 2,3, and 5 to a set of 3 stimuli, \'Jhile subject B 

assigns ratings of 3, 4 and 6, respectively. Second they may assign 

different ratings to identical stimul i whereby the differences bet\'1een 

ratings for pairs of stimuli are proportional. For example, subject C 

may assign ratings 2, 3, and 5 to a set of 3 stimuli, while subject D 

assigns ratings 1, 3, and 7 to the 3 stimuli, respectively. In this 

case, subject CIS ratings are linearly proportional to subject D's 
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ratings. In both the identical difference and proportional difference 

situations, we conclude that the two subjects distinguish between the 

stimuli in identical fashion. In other \'Iords, two sets of rating 

responses which can be made equal by using a linear transformation of the 

type y ::: bO + b1X do in fact not differ in the way they distinguished 

between the stimul i. When we say that the tvlO people "use the rating 

scale" differently, we mean that their sets of responses are identical 

subject to a transformation of that type. For the above examples, RA ::: 

-1.0 + RB and RC ::: 1.5 + 0.5 RD, where RA signifies subject A's 

ratings, etc. 

The second reason that two people may assign different ratings to 

the same stimulus is that they may have different criteria. That is, 

they may indeed prefer different things relative to the stimuli. In 

this case, a linear transformation of one subject's responses would not 

produce the other's. 

The third reason that two people may assign different ratings to 

the same stimulus is that, although they may have identical criteria and 

may use the scale the same way, they may not both express their true 

rating of the stimulus in any given instance. Each subject would have to 

rate each stimulus several times, in the absence of changing criteria, 

for the true rating to be known. 

f>1ethods of scal ing rating responses of several subjects for 

several stimuli must yield a scale value for each stimulus. Thus, the 

ratings of the set of subjects must somehow be combined across subjects. 

In addition, the method may account in ~ome way for the different ways 
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subjects "use the rating scale" or the variation in a subject's responses 

about true rating. Furthermore, the method may transform the ratings to 

some other scale which is more appropriate for the analysis to which 

ratings are subjected. 

Scaling Methods 

Assume that a set of ratings Rij are obtained from i subjects 

for j stimuli (slides). Each of six methods yields a scale value Xj 

for each stimulus. 

Method 1 - mean ratings. The R .. are simply averaged to yield 
lJ 

Rj Xj . 

Method 2 - Thurstone scale values for categorical judgements. This 

procedure was described above in four steps. 

Method 3 - Thurstone scale values for comparative judgements. Use 

of Thurstone's Law of Comparative Judgement, as described in Torgenson 

(1958), to develop scale values for each slide requires generation of 

pa ired compa ri sons from the ra t i ng data. Th i s wa s accompli shed by 

assuming that whenever a subject gives one slide a higher rating than 

another slide, the slide with the higher rating is preferred by that 

subject. The following steps are required: 

1. PC matrix - PC ijk is the number of times subject 

slide j to slide k. 

prefers 

2. F matrix - Fjk is the number of times all observers 

together prefer slide j to slide k. Note that the diagonal 

is "0. II 



3. P matrix - Pjk is the proportion of times slide j is 

preferred to slide k. For example, P12 = F12/(F12 + 

F21 )· 
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4. X matrix - Xjk is the unit normal deviate for the 

corresponding Pjk . The same convention described above for 

P = 0 or 1 is used here. 

5. The Xjh are averaged over k to yield Xj , \'/hich represents 

the relative preference for slide j. 

Method 4 - Standardized scores. Z scores are calculated for each 

rating by each subject. A subject's mean rat'ing (Ri ) is subtracted 

from his individual rating (R ij ), and this difference is divided by the 

standard deviation for the subject's ratings (SRi)' Thus Xij = 

(R ij - Ri)/SRi' The Xij are then averaged per slide j to yield 

X., which represents relative preferene for slide j. 
J 

Method 5 - Least squares scores. This method attempts to directly 

adjust for the different way subjects use rating scales by calcuating the 

intercepts (boi ) and slopes (b li ) necessary to adjust each subject's 

R .. to a standard set of R. for each j used. Lacking an external set 
lJ J 

of Rj' the mean of the Rj for each j (the mean rating, Rj' 

calculated using method 1) was used. To calculate boi and b1i , each 

subject's Rij was regressed on Rj . 

These boi and b1i \'Jere then used to calculute Xij = boi 
+ b1i Rij . Finally, the Xij are averaged across subjects to yield 

scale values Xj . 
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Method 6 - Base s 1 i de-adj usted scores. Where a common s 1 ide, 

called a base slide, is shown several times during the presentation, a 

measure of each subject's consistency in rating this slide provides a way 

of weighting each subject's responses by a consistency weight. The more 

consistent subject's responses are weighted more heavily. 

A subject's mean rating for responses to the base slide (B i ) is 

subtracted from the individual rating of a unique slide (R .. ), and this 
lJ 

difference is divided by the standard deviation for the subjects I ratings 

of the base s"lide (SBi)' 

are then averaged per slide j to yield Xj . 

The X .. 
lJ 

Because subjects provided only one judgement per unique slide, 

there was no opportunity to determine a subject's true rating per slide. 

Thus, none of the methods account directly for this source of variation 

in ratings (although method 6 uses multiple judgements for the base slide 

in accounting for dispersion of stated ratings about the mean rating). 

Ratings of individual subjects are combined, per stimulus, in the 

initial steps of methods 2 and 3 with the construction of the F 

matricies. There is no attempt with these 2 methods to adjust for the 

way different subjects use the rating scale (in terms of the first reason 

menti oned for different rati ngs among subjects), because subjects I 

ratings are combined b8fore any adjustments can be applied. With methods 

2 and 3, ratings and paired comparisons, respectively, are transformed 

into proportions, and then into Z-scores. In each case, the proportions 

express the preferences of the subjects. With method 2, the proportions 

express the proportion of times that a given stimulus is assigned to a 
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given category (rating) or higher, while with method 3 the proportion 

expresses the proportion of times a given stimulus is preferred to some 

other stimulus. In both cases, the proportions are simply transformed to 

unit normal deviates, which are then averaged per stimulus. The 

transformation to Z-scores expresses the proportions in terms of standard 

deviations of the normal curve. 

With methods 4, 5 and 6, each R .. is transformed before ratings 
lJ 

per subject are in any way combined per stimulus. Hith method 4, a 

subject's rating of an individual stimulus is adjusted according to the 

subject's mean rating for all unique stimuli. This adjustment accounts 

for the fact that different subjects tend to use different portions of 

the rating scale. The R .. - R. is then divided by SR1.' which 
1 J 1 

expresses Xij in terms of the scatter of ratings used by the subject. 

This division at least partially adjusts for how much of the scale the 

subject tends to use. Subjects who restrict their ratings to only a 

portion of the scale would have a smaller SRi than subjects who spread 

their ratings over the entire scale. 

\-lith method 5, the 1 inear transformation effected by the 

regression procedure adjusts for subjects using different portions of the 

sca 1 e and for subjects \'/hose responses are 1 i nearly proporti ona 1. 

Non-linear proportionality could also be adjusted for, but is not by the 

sample linear regression procedure of method 4. 

With method 6, a subject's rating of an individual stimulus is 

first adjusted according to the subject's mean rating for the base slide. 

Assuming all subjects have similar criteria, this adjustment accounts for 
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the way different subjects use different portions of the rating scale. 

If subjects differ substantially, however, in their criteria, the base 

slide may be rated differently, relative to the other stimuli, by the 

different subjects. In this case the adjustment for the mean rating of 

the base slide is less effective. The Rij - Bi is then divided by 

SB" whi ch expresses X.. in terms of the cons i stency of the subject 
1 1 J 

in rating a single stimulus. Thus, more consistent subjects will have 

larger (or smaller, when negative) Xij than less consistent subjects, 

all else equal. In general, the range of X. for a set of stimuli will 
J 

be larger for a relatively consistent set of subjects as compared to a 

relatively inconsistent set of subjects. If subjects of different 

consistency make up the set of subjects, the R .. - B. of the more 
1 J 1 

consistent subjects are weighted more heavily than the less consistent 

subjects in the calculation of the final Xj . Thus, there is an 

adjustment in method 6 for the typical dispersion of a subject's ratings 

about his mean rating for a given stimulus, whereby responses of subjects 

who are likely to have provided ratings at or close to the true mean 

rating per stimulus are weighted more heavily than responses of subjects 

who are less likely to have provided ratings at or close to the true mean 

rating. 

The Xj of all 6 methods are expressed on a continuous scale, 

giving the impression of infinitely small distinctions between stimuli. 

The continuous scale is the result of combination of responses of several 

subjects who probably all differ somewhat from the others in criteria. 

To what extent do the minute distinctions between stimuli, as expressed 
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in the Xj , actually mean something? Some would suggest that it is 

improper to recognize smaller distinctions than the original responses 

indicate, thus forcing division of the range in X. into 10 classes 
J 

corresponding to the original 10-point rating scale. Others would argue 

that the combination of responses of several subjects into a group 

response allows finer distinctions than the response scale provided. The 

degree to which combination allows finer distinctions than the original 

sca 1 e probably depends on the number of res pan dents in the group. 

Data Sets 

Color slides of 5 data sets were rated for scenic beauty. Each 

set was unique in terms of both stimuli (slides) and subjects. Data sets 

A and B contained slides of near-view ponderosa pine scenes which were 

included in the modeling effort described herein. The sets consisted of 

140 and 143 slides which were viewed by 26 and 35 students, respectively. 

Set C contained 60 slides of a variety of rural environments (including 

forested areas, pastures, and man-made structures in Colorado, New 

England, and Denmark) viewed by 25 subjects. Set D contained 62 slides 

of vista scenes differing in air quality viewed by 31 subjects. Fifteen 

of the slides were duplicates, positioned among the 62 in the following 

locations: 12 to 14, 24 to 26, 36 to 38, 48 to 50, and 60 to 62. Set E 

contained 63 slides of an identical scene taken from a popular view point 

along the South Rim of the Grand Canyon, Arizona, and rated by 744 canyon 

visitors. The slide set contained 48 unique slides, differing in air 

quality, plus 15 replicates of one slide ~alled the "base" slide. The 

slide numbers of the base slide (the position of the base slide among the 
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63 slides shown} are 4, 8, 12, 16, 20, 24, 28, 32, 37, 41, 45, 49, 53, 

57, 61. The 48 unique slides were randomly allocated to the remaining 

locations in the sequence. 

Results 

The considerable differences between the 6 scaling methods suggest 

considerable differences in the relative position of the stimuli as they 

are positioned along the range of Xj for each method. This, however, 

is not the case. Pearson correlations of Xj for one method versus 

another show that the methods give results (X.) which are nearly 
,] 

identical subject to a linear transformation of the type y = ax + b. The 

correlation (Pearson R2) based on the complete set of subjects for each 

data set are shown in the first column of Table 33 for each set. The 

other columns in Table 33 contain R2 comparing scaling methods based on 

subsets of the complete set of subjects (columns for 10, 5, or 3 subjects 

give the average R2 for 2 randomly chosen sets of subjects in each 

case). When at least 5 subjects are used, only comparisons involving 

methods 5 and 6 and data set 0 yield an R2 below .95. When only 3 

subjects are used, R2 fot' several data set 0 comparisons fall below 

.95. For data sets A, 3, C, and E, there is no obvious consistent 

decrease in R2 as fewer subjects are used. There is no obvi ous 

explanation for the lower correlations between methods for data set D. 

Of course additional data sets could be used, and additional 

subsets of subjects could be tested. However, a tentative conclusion 

seems warranted that scaling methods 2-6 do not differ sufficiently from 

a simple average rat-ing (method 1) to justify the added effort. We must 



T"blr 33. Comparison of Methods for Scaliog Rating Responses of Five Data Setsa 

·D~~·a ~I!t: b A B C 0 E 
, c 

flo. of subjects: 26 10 5 35 10 5 3 25 10 5 31 10 5 3 744 10 5 

. d 
~"thods - - - - - - - - - - - - - - - - - - - -Pearson Correlation (R2)_ - - - - - - - - - - - - - - - - - -'----f,-2-- .99 1.0 1.0 .99 1.0 1.0 .99 .99 1.0 1.0 .98 .99 1.0 .99 1.0 1.0 1.0 

1.3 .99 .98 .95 .99 .97 .97 .96 .99 .98 .96 .97 .96 .96 .93 1.0 .98 .98 
1,4 .99 .98 .95 .99 .98 .99 .97 .99 .93 .98 1.0 .98 .98 .98 1.0 1.0 1.0 
1,5 .99 .98 .97 .99 .99 .99 .99 .99 .99 .97 .97 .95 .98 .98 1.0 --- ---
l,G .99 .95 .95 .91 1.0 1.0 1.0 
2,3 .98 .97 .95 .98 .97 .97 .95 .98 .98 .96 .96 .94 .96 .93 .99 .98 .98 
7,4 .98 .98 .95 .98 .97 .98 .97 .98 .98 .97 .98 .96 .98 .98 1.0 1.0 1.0 
') c 
l_ 't.J .98 .98 .97 .98 .98 .99 .99 .98 .99 .97 .94 .94 .98 .98 1.0 --- ---
~,6 .96 .94 .95 .92 1.0 1.0 1.0 
J,4 .99 .98 .97 .99 .98 .98 .97 .99 .99 .98 .98 .98 .97 .92 1.0 .98 .98 
3,5 .99 .98 .97 .98 .98 .98 .96 .98 .98 .97 .95 .94 .97 .92 1.0 --- ---
~t6 .96 .94 .88 .86 1.0 .93 .98 , 
4,5 1.0 .99 .99 .99 .99 1.0 .98 .99 .99 .99 .98 .97 .99 1.0 1.0 
4,6 .98 .95 .92 .97 1.0 1.0 1.0 
S,6 .96 .93 ,.90 .96 1.0 

a Pearson's correlation comparing Xj for pairs of scaling methods of rating responses of scenic beauty of color slides. 
b T~e fnllowing data sets are used: 

A: 140 near-view ponderosa pine slides viewed by students 
B: 143 near-vie',., ponderosa pine slides viel1ed by students 
C: 60 rural environ~ent slides 
0: 62 air quality vista slides 
E: 63 viH/s of the Grand Canyon, differing in air qual ity, viewed by Park visitors. 

c The ;irst column of each data set contains the R2 of the Xj based on the full set of subjects. Other columns contain 
t~e average RL subsets of 10, 5. or 3 subjects. 

d The following methods were used: 
1. ~verage rctings 
2. Thur~tone scale values for categorical judgement: 
3. Thurstone scale values for comparative judgements 
4. Standardized scores 
5. Least square$ scores 
6. Base slide-adjusted scores. 

N 
o 
m 



207 

also conclude that the subjects did not differ markedly in the way they 

used the rating scale. The standardization (calculation of Thurstone 

scale values) portion of the SBE scaling procedure therefore appears to 

be useless (at least for the data used in the tests) but harmless. The 

base area adjustment portion of the SBE scaling procedure, not addressed 

in this Appendix, may have considerable utility when ratings of two or 

more observer groups must be combined, but this adjustment could also be 

used with mean ratings. 



APPENDIX B 

INVENTORY PROCEDURES 

The aspects of the inventory plan which relate to scenic beauty 

modeling are listed here. The full inventory system is in the Work Plan 

for the Multiresource Inventory of Woods and Bar-M Watersheds on file at 

the Rocky Mountain Forest and Range Experiment Station in Flagstaff, 

Arizona. The variable names, as listed in Table 4, are indicated in 

parentheses to identify the field data collected for that variable. 

Determination of Aerial Photo Scale and Orientation 

The scale of the photo had to be accurately determined so that 

distance bet\'/een inventory points could be accurately calculated and 

paced out on the ground. Similarly, the exact orientation of the photo 

had to be determined so that inventory lines could be accurately followed 

by compass in the fi e 1 d. The fo 11 owi ng procedure was followed: 

1. Locate two points on the ground which are clearly 

identifiable on, and near the center of, each photo. Measure ground 

di stance and compass di recti on (use full 1 to 360 degrees whel'e 360 

degrees is true north at 12 degrees declination). Pin prick points on 

photos and record ground information along a line drawn on the back of 

photos between points. 

2. Orient photo in north-south direction and determine compass 

direction of sample line. 

Layout of Sample Lines and Data Sites 

1. Layout sample lines in green an photos before going to the 

field. 
208 
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2. Locate lirles to eliminate bias in stand sampling. Sample 

lines are straight and traverse the long axis of the stand unless this 

would yield a disproportionate number of samples in a drainage, along a 

ridge, or in a particular slope and aspect situation. If such should 

occur, a diagonal or V-shaped line is used. Two or more parallel sample 

lines are used where stand configuration allows, in order to include all 

aspects of stand variability and help avoid bias in sampling. 

3. Systematically space sample points along the line(s), spaced 

so as to traverse the entire stand, with the first point at least 1 

chain into the stand and with a minimum distance of 2 chains between 

points. There is 1 point per acre, to a maximum of 15 points per stand. 

Record the distance between points. 

Preparation for Field Procedure~ 

The following steps were followed in preparation for field 

inventory: 

1. Locate stand to be inventoried on appropriate photos and map 

and record compartment, stand, and aerial photo numbers. 

2. Determine stand elevation (ELEV) from map. 

3. Determine scale of stand on photo. 

4. Determine stand acreage from photo, taking note of s·cand 

scale. 

5. Determine length of sample line and distance betw~en points 

from photo. 

6. Record the distance between points, the compass direction of 

the lines and line segments between points, and the declination. 
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7. Choose a bearing point (stock tank, rock, tree, etc.), a 

location which can be identified on the ground and on the photos as close 

to the first point as possible (less than 150 yrds.). Using photos in 

stereo, mark the point on the photo, and record the compass direction and 

distance from bearing point to sample point number 1. 

General and Photographic Field Procedure 

The following procedure was used to establish a data point and 

obtain photographs of the point: 

1. Record data and crew. Check pre-determined bearing point, 

make any changes necessary, and record any changes on cover sheet. 

Pinprick bearing point on photo and on back of photo circle pinprick and 

note compartment and stand numbers. 

2. Using a hand compass and pacing, locate the sample points 

along the pre-determined sample lines. Make and record on the photos 

and cover sheet any necessary changes in stand boundary and in lines and 

distance between points. 

3. For the first point per stand, tag a nearby tree and record 

the tag number and the location of the tagged tree in relation to the 

point. Also stake the first point with a re-bar stake. 

4. Stake all points using a 30d nail with head painted red and 

indicate the location of the stakes with flagging. Upon completion of 

inventory at each point, pile rocks at point center and paint white. If 

rocks are not available, paint a ring around a nearby tree at height of 1 

foot. Note whether rocks or tree are used~ and give position of tree 

relative to point. 
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5. At each point, record the slope (SLOPE) and aspect (ASPECT). 

6. At each point, choose and record a random compass direction 

from a 1 to 360 random number table. If the chosen direction would 

result in one or more of the four phots (number 7 below) including a 

road, trail, water source or fence, the direction may be adjusted to 

avoid such an inclusion, if possible. 

7. Using Kodachrome (slide) ASA 64 film in a 35 mm camera with a 

55 mm lens, take a photo of a card which lists the compartment number, 

stand number, point number, and date. Record these same four items, 

plus the random direction and the time. 

8. Place on the ground, centered on the point, a cross marking 

the random di recti on (00=360o=true north) and other di recti ons 900, 

1800, c:.:',d 2700 from the se 1 ected random d i recti on. 

9. Take one photo in each of the four directions (in the 

selected random direction and 900, 1800, and 2700 from that 

direction, see figure 19). The photos take in the viel'l naturally seen by 

an observer looking off into the stand. Nearby obstructions I'/hich 

unnecessarily hinder the view, such as a branch hanging in front of the 

camera, may be held back so as not to interfere. In some cases the 

photographer may need to move a few feet to one side in order to avoid a 

serious obstruction to the view. Any such peculiarities should be noted 

on the cover sheet. If the photo will take in area off the stand, this 

too is noted on the cover sheet. The photos are taken when the sun is 

high enough to provide sufficient light and avoid undue shadows (from 

8:00 to 4:00 during May through August). Care is take not to include any 

people, wildlife, vehicles, or equipment in the photos. 
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Figure 19. Inventory Site Layout for Procedure 1 

Center point (10-factor tally, crown cover). 
> Photog2aphs from center point. 
o 9.6 ft plot (ground cover, herbage weight, 

canopy, and height) 

_________ ~(--__ --) Downed wood transect, showing 
the first 12' in parantheses. 

12' radius plot (seedlings) 
37' radius plot (tree stories, tree gr(uping, stumps) 
66' radius plot (mechanical ground disturbance, 

brush piles) 
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Tree Inventory 

Refer to figure 19 for the site layout. The following applies to 

Procedure 1: 

1. At each point, tally all live trees by species up to 1 foot 

tall (PPI, GOl, OTl), from 1 to 4.5 feet tall, (PPI4, GOI4, OTl4) , and 

all trees 4.5 feet tall to 4.9 inches dbh (PP4, G04, OT4), that are 

counted on a 11l00-acre plot (11.8 foot radius) centered at the 

inventory point. 

2. Record species, dbh, and height for all trees that ore 

intercepted by a 10-BAF prism. Indicate whether dead or alive. Begin 

in the selected random di recti on and swi ng the pri sm ina c 1 ockwi se 

direction (PP59, ... , PP28+; G059, ... , G028+). 

3. Estimate the crown closure (ee) by summing four readings of 

the crown canopy densiometer taken at the point. The sum will be coded 

(division of the sum by .96 will be done later). If the sum equals 0, 

code a 110 11 . 

4. Estimate the number of ponderosa pine tree stories (TS) 

present in a lila-acre plot centered at the point (a circular plot with 

37-foot radius). The choices are (a) one, (b) one but some two, (e) two 

but some three, and (d) generally three (see Patton 1977). 

5. Oescri be tree arrangement (TG) in the lila-acre ci rcul at 

plot centeted at the inventory point in terms of tree grouping ond degree 

of interlocking crowns by selecting one of the follo\'ling: (a) trees in 

groups with many interlocking crowns, (b) some tree grouping but little 

interlocking of crm'lns, (c) very little tree grouping, (d) no tree 

grouping - trees evenly spaced (see Patton 1977). 
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6. Count the number of stumps (STUMP<5, STUMP512, STUMPI220, 

STUMP20) in the 11l0-acre plot in each of the following size classes 

(diameter measured at top) and specify whether sound or rotten: <5", 

5 to 12, 12 to 20", >20". A stump must be less than 4.5 feet tall. 

7. Measure site trees for site index (SI). (Initially, a site 

tree was inventoried at each point for procedure 1 and at each 

even-numbered point for procedure 2. Because this density proved greater 

than necessary, it \'Jas 1 ater lowered for procedure 1 to each 

. even-numbered point and for procedure 2 to 3 site trees per stand, one 

among the first 5 points, one among the second 5 points, and one among 

the la~t 5 points). A young, free-growing ponderosa pine from 50 to 100 

years old, with no defect or infestation, growing in an average site for 

the stand (avoid stream bottoms, for example, unless they comprise most 

of the stand) within one chain of the inventory point should be chosen if 

possible. If not free growing, the tree should be dominant or 

co-dominant with crown in the upper portion of the canopy. Record dbh, 

height, age, and number rings in last inch. 

Procedure 2 differs from procedure 1 in that height was recorded 

only for the first 2 trees tallied. 

Herbage and Ground Cover Inventory 

Procedure 1 (see Figure 19) follows: 

1. Place a 9.6 square foot hoop 15 feet and 30 feet from the 

inventory point, in each of the four directions marked by the cross on 

the ground, centered 3 hoop radii to the right of the line marking the 

direction. In cases where trees or shrubs· prevent use of the hoop, a 
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chain substitute (of the hoop radius) is used. Oak, locust, and aspen 

less than 4.5 feet tall are considered shrubs for data taken with the 

hoop. For each hoop the following data is taken: 

a. The percent of the ground cover in gravel (GCGRAV) 

(rock 2 mm to 311 in diameter), cobble (GCCOB) (rock 3" to 10" diameter), 

stone (GCSTONE) (rock> 1011 diameter), bare soil (GCBSOIL), litter 

(GCLIT) (needles, leaves, cones, branches <111 diameter), downed wood 

(GCDH) (tree branches and trunks <111 diameter), herbage (GCGFS), and 

trees (GCTREE) are estimated. To facilitate estimation, the hoop is 

divided into thirds, and three separate smaller hoops representing 1, 10, 

20 percent of the larger hoop are available. If necessary, visually 

combine scattered items (such as needles) to estimate the total 

proportion of the hoop area covered by the category. In general, 

estimate the item making up the largest percentage of the hoop by taking 

the residual after all others have been estimated, and then check to see 

if the residual is logical. 

b. Estimate herbage canopy coverage in the hoop boundary 

separately for grasses (CCGR), forbs (CCFO), and shrubs (CCSH). Canopy 

coverage (Daubenmire 1959) is calculated as the polygon made by 

connecting with straight lines the outermost tips of the leaves or 

branches (not seed stalks) of the plants in each species group. If the 

polygons for plants in a given group do not overlap, their area should be 

added to arrive at the total percentage of the hoop area occupied in 

canopy by that group. The canopy coverage of each species group is 

estimated by assigning one of the following nine coverage classes: 
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1. 0 to 1 percent 

2. 1 to 5 percent 

3. 5 to 10 percent 

4. 10 to 20 percent 

5. 20 to 40 pel"cent 

6. 40 to 60 percent 

7. 60 to 80 percent 

8. 80 to 90 percent 

9. 90 to 100 percent 

The imaginary polygons extend only to the hoop boundary, as if the hoop 

were a cylinder with sides perpendicular to the ground. Note that the 

total foliar density of all herbage - of all three groups - can exceed 

100 percent. 

c. Estimate total herbage weight and estimate the percent 

of the total in grasses (PDGR), forbs (PDFO), and shrubs (PDSH). A 

random plqt among those estimated for weight to be clipped and bagged for 

oven dryin9 (Pechanec and Pickford 1937) is selected by dravling the one 

marked pe\1ny out of eight. Each bag is labeled with estimator's 

initials, date, and wet weight estimate, to allow calculation of the 

correctio~ factor. 

d. Measure the height of the tallest leaf, branch or seed 

head to the nearest I inch, as it occurs naturally, for grasses (HTGR), 

forbs (HTPO), and sh~ubs (HTSH). 

2. Estimate the percent of a 66-foot radius circular plot 

centered ~t the inventory point which shows signs of mechanical ground 

disturbance (MEeH) caused by tractors, skidders, and other vehicles and 
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by logs being dragged during harvesting. Disturbed areas which no longer 

appear obviously disturbed because vegetation has re-inhabited the area 

are not included here. 

Herbage data is time-consuming to collect. Procedure 2 is a 

severely scaled down version of procedure 1. The following changes from 

procedure 1 define procedure 2: (1) no weight data is taken, (2) ground 

cover and height taken only at 15 and 20 feet from each inventory point 

in the random direction and 180 degrees from that direction, (3) herbage 

canopy is taken only in 1980, at the same location as ground cover and 

height. 

Downed Wood Inventory 

Steps 2 through 7 were adapted from J. Brown (1974). Refer to 

Figure 19 for the layout of Proced~re 1. 

1. For procedure 1, extend the 40-foot downed wood rope out 

from the point in each of the four directions marked by the cross on the 

ground, and again perpendicular to each direction at 50 feet from the 

point. For procedure 2, extend the 40-foot rope out from the point in 

the chosen random direction and 180 degrees from the random direction. 

2. Beginning at the ends of the rope farthest from the point, 

tally the number of particles that are found in the vertical plane along 

the rope by the following diameter size classes: 0 to .24 inches along 

the first 6 feet (DHVO); .25 to .99 inches along the first 6 feet 

(DHVI4); 1 to 3 inches along the first 12 feet (DWV1). Tally only those 

particles which can be clearly seen without moving the litter layer. 
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3. Take three measurements of fuel depth (FD) for each of the 

first three one-foot long stretches of the rope by measuring from the 

bottom of the litter to the highest piece of downed wood or cone. Record 

to nearest whole inch. 

4. Measure the depth of the duff at 1 foot and at 6 feet. 

Record to nearest inch. 

5. Measure the diameters of all pieces greater than 3 inches in 

diameter that are intersected by the vertical plane of the rope and note 

for each whether sound or rotten, natural or slash. Record diameter to 

the nearest inch. Tally only those particles which can be clearly seen 

without moving the litter layer (DWVNS3, .•.• DWVSR20). 

6. Record the predominant 3 species of the 0 to 1 inch diameter 

branchwood in the sample area and estimate the proportion of the total 

made up by each species. 

7. Estimate the proportion of the 0 to 3 inch diameter downed 

~..,ood tallied along the rope which -is natural vs. slash using the 

following scale (PCTSL): 

9 - all natural 

5 - half natural and half slash 

1 - all slash. 
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8. Record number of brush pi 1 es (BRUSH) ina 66-foot rad i us 

plot centered at point. Brush piles are defined as piles of downed wood 

at least 5 feet in diameter and with an average of at least 2 feet. 

Reinventory 

Some of the points inventoried prior to harvest using procedure 1 

were reinventoried follm·,ing harvest. Reinventory occurred at the same 

locations as the original inventory for all stands selected for 

reinventory. Procedure 1 I'las used, except that no site tree information 

was taken, height was recorded only for the first two trees tallied, and 

herbage plots were located 20 to 35 feet from the point. 

Data Summary 

Photos 

1. Develop film. 

2. Label each s 1 i de wi th the fo 11 Ol-Ji ng: inventory name, 

compartment number, stand number, point number, direction, and date. 

For example, for compartment 500, stand 23, point 7, direction 1, 

inventoried June 8,1979, the slide should be marked with: MRI 

500-23-7-1, 6-8-79. 

3. Appraise photos for scenic quality using the SBE procedure. 

4. Store photos in groups by stand. 

Trees 

1. Number of trees per acre. For 0 to 1 foot, 1 foot to 4.5 

feet, and .01 to 4.9 inches dbh, site estimates of number per acre = 
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count * 100. For trees 5 inches dbh and greater tallied with a 10-BAF 

prism, calculate the number of trees per acre for each tallied tree as 

N=43560/(dbh * 2.75)2n ) = 13865.57864/(dbh * 2.75)2. The site 

estimate of trees per acre in a given size class is then calculated by 

summing all N for tallied trees in the size class. 

2. Basal a rea per acre: for .01 to 4.9 i nch tr~es, BA per 

acre=.0218 * count * 100. For trees 5 inches dbh and larger, BA per 

acre=count * 10. 

3. Tree height - For procedure 1 stands, use individual tree 

heights as recorded. For ponderosa pine in procedure 2 stands, develop a 

regression equation, using all tree height-diameter data, for estimating 

tree height in feet from dbh. Select the best fit from one of the 

fa 11 o\'Ji ng forms: 

H b + b (dbh). 
01' 

H b1 (dbh)b2; 

H B1 (e)b2(dbh); and 

H b + b -c(dbh) a Ie . 
For Gambel oak in procedure 2 use the following equotion developed from 

Beaver Creek data: 
2 H = 4.5 + 4.440-.1D 

where H is in feet and 0 = dbh in inches. For juniper in procedure 2 

use the following equation developed from Beaver Creek data: 

H = 4.5 + 2.10-.05502, 

where H is in feet and 0 = dbh in inches. 

4. Volumes - For ponderosa pine, spruce, fir, and aspen use the 

equations in Hann and Bare (1978). Use Schribner for boardfeet. For 
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gambel oak cubic foot volume, use the following adapted from Geborkiantz 

and Olsen (1955): V=Y * H * BA, where Y = .42 if dbh is less than or 

equal to 6 inches and .48 if dbh is greater than 6 inches, H = height in 

feet, and BA = tree basal area in square feet per acre at breast height, 

calculated as BA = 3.1416 * (dbh/24)2. For juniper cubic foot volume, 

use the following formula for alligator juniper adapted from Howell and 

Lexen (1939): V = 10.591 + .0009D2H, where D = dbh in inches and H 

height in feet. Pine cord wood volumes are calculated from: cords 
3 ft vol./78.1. 

5. Site index is calculated using Minor's (1964) equation 

SI 
H + 1.4003 (/-A - 10) 

1 + 0.1559 (I A - 10) 

where SI = site index, H height in feet, and A age?t breast height 

in years. 

6. Stumps - The number of stumps per acre per size and 

condition class = count * 10. 

Herbage and Ground Cover 

1. Herbage production - the field weight estimates are adjusted 

by a correction factor to yield total air-dry grams per plot. This 

estimate times 10 gives tons per acre. Correction factors are a ratio of 

the average oven dry weight to the average field wet weight estimate for 

the clipped plots. Separate correction factors are calculated for each 

estimator each month. The \I/eight per species is calculated for each 



plot, and then the 8 plots per site a re averaged to gi ve the site 

estimate. 

2. Herbage canopy - The fall mJi ng mi dpoi nts of the fi e 1 d 
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estimation classes are used to calculate percentages: 0.5, 3.0, 7.5, 

15.0, 30.0, 50.0, 70.0, 85.0, 95.0. 

DO\'/ned Vlood 

1. 

equations. 

2. 

Downed wood - Fo11ml Brown (1974) for \'/eight and volume 

Average estimates of the 8 transects per site. 

Brush piles - Number = count * 3.18309. 
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Table 34. Summary of Data Sets 1 and 2 

Vanable [ja ta Se t---rrn3---cases) Data SetZTITOTaSeS} 

R with SBEa Mean SOD Low High R with SBEc Mean SO Low High 

SBE 1.00 16.25 36.3 -83 122. 1.00 8.6 31.4 -48. 93. 
Land 

ELEV -.03 7302.7 277 .6 6480. 7750. .15 7312.3 67.8 7120. 7460. 
SLOPE -.17 13.1 9.5 O. 40. -.10 10.0 9.8 o. 40. 

ASPECT -.38 5.0 2.3 1. 9. -.10 3.5 1.6 1. 8. 

S! -.12 78.1 5.9 64. 89. -.22 75.6 2.9 67. 89. 
Overs tory summary 

PPBA -.37 124.9 63.3 20. 322. -.02 72.7 41.9 5. 252. 

GOBA .17 18.8 25.9 O. 187. .26 9.7 16.2 O. 99. 
TOTBA -.26 144.6 67.5 20. 382. .07 82.5 42.8 15. 262. 

CUFT -.22 2617.7 1309.3 261. 8791. .08 1478.2 867.6 138. 5257. 

MBF -.02 10.2 5.6 37. .15 5.8 4.0 0.3 20.0 

CC -.18 57.1 20.5 2 98. .12 41.8 19.3 2. 90. 
TG • 44 2.2 0.9 1 4. -.07 3.1 0.8 2 • 4. 

TS -.05 2.6 0.8 1. 4. • 17 1.8 0.7 1. 3 • 

EVEN -.06 3.5 2.3 1. 10. -.18 3.0 2.2 1. 10. 

Trees 
PPI . 04 51.1 193.7 o. 2000. -.18 51.7 120.9 o. 600 . 

PP14 . 06 86.6 185.2 o. 1500. -.12 101.7 155.6 o . 900. 

PP4 -.15 179.3 341.4 O. 2600. -.19 114.2 228.7 O. 1300. 
PP59 -.31 89.6 109.7 o. 690. -.,05 61.6 82.9 o. 468. 
PP912 -.35 47.4 45.4 o. 247. -.07 24.8 30.1 o. 168 

PP1216 -.23 30.6 32.5 o. 176. -.18 16.0 19.6 O. 74. 

PP1620 -.11 8.9 10.3 O. 61. .14 4.7 7.6 O. 43. 

N 
N 
.j::> 



Table 34. Continued--Summary of Oata Sets 1 and 2. 

Variable Data Set I {33J1ras~ Data Set 2 {120 Cases] 

R with SBEa Mean SOb Low High R witfi SBE€ Mean SO Low Hfgn 

Trees 

PP2024 .06 3.5 4.7 O. 30. .07 2.3 3.1 O. 13. 
PP2428 .21 2.1 2.9 O. 14. .26 1.2 1.8 O. 8. 
PP28+ .16 1.5 e.o O. 11. .15 1.1 1.8 O. 7. 
PP516 -.39 167.6 145.8 O. 739. -.09 102.4 105.4 O. 636. 
PP16+ .01 15.9 12.6 O. 74. .22 9.4 9.3 O. 43. 

PP1624 -.07 12.4 11.9 O. 74. • 15 7.0 8.4 O. 43 • 
PP24+ .24 3.5 4.0 O. 18. .25 2.3 3.0 O. 13. 
G01 • 13 1038.1 1451. 7 O • 7900. .04 994.2 1319.8 O. 6400. 
G014 .13 223.7 652.1 O. 50UO .. .14 263.3 5B5.4 O. 3500. 
G04 .06 35.7 184.9 O. 2700. • 25 26.7- 246.9 O. 2700 • 
G059 .14 11.1 38.0 O. 407. .21 3.5 12.9 O. 67. 
G0912 . 09 5.7 13.4 O. 79. .14 3.6 9.4 O • 35. 
G01216 . 15 4.0 8.8 O. 71. .19 2.7 7.7 O • 49. 

G01620 . 06 2.1 4.3 O. 29. .01 1.0 2.8 O . 13. 
G02024 . 05 0.9 2.5 O. 27. • 01 0.3 1.0 O • 4 • 

G02428 .10 0.3 1.0 O. 11. -.11 0.1 0.6 O. 6. 

G028+ .00 0.2 0.6 O. 6. .04 0.1 0.5 O. 2. 
G05+ .17 24.2 49.1 O. 485. .23 11.3 23.9 O. 131. 
OTl • 08 65.8 267.7 O. 1900. -.09 45.8 196.6 O. 1300 • 
OTl4 .06 145.9 657.0 O. 6500. -.11 117.5 672.8 O. 6400. 

OT4 .06 2.1 16.3 O. 200. -.07 3.3 25.7 O. 200. 

Herbage 
PDGR .39 21.8 26.5 O. 328. .27 41.0 30.5 O. 163. 
POFO . 57 51.3 64.4 O. 678 • .13 76.3 86.6 O. 750. 
POSH .32 13.5 28.0 O. 199. .20 17 .8 24.7 O. 117. 

N 
N 
Ul 



Table 34. Continued--Summary of Data Sets 1 and 2 

Variable Data Set 1 (333 Cases) Data Set 2 (l20 ca.ses) 

R with SBEa Mean SDb Low High R with SBEc Mean SD Low High 

PDGRFO .51 73.1 84.4 O. 1006. .19 117.3 100.1 O. 769. 
PDGFS .58 86.6 90.5 1. 1025. .23 135.1 104.9 1. 795. 

CCGR .46 5.3 5.5 O. 40. .27 B.7 6.8 o. 37. 

CCFO . 56 7.7 9.0 O. 61. .32 8.6 6.6 o. 44 • 
CCSH .34 3.0 6.1 o. 38. .27 2.0 3.1 O. 22. 

CCGFS .65 15.9 14.9 0.1 81. .41 19.3 11.6 0.3 54. 
HTGR .49 7.6 4.4 o. 29. .20 10.6 4.9 O. 21. 
HTFO .55 7.3 4.8 o. 26. .10 9.1 3.9 O. 20. 
HTSH .34 3.8 6.5 O. 41. .28 2.9 3.3 o. 15. 
HTMAX .62 10.0 6.2 1. 41. .23 11.6 4.8 2. 21. 

Ground cover 
GCGRAV -.07 2.2 3.6 O. 33. -.12 2.2 2.0 O. 11. 
GCCOB -.03 5.2 5.7 o. 33. .11 2.9 2.8 o. 15. 
GCSTONE . 07 2.4 4.3 o. 26 . .OB 1.6 3.8 o. 31. 
GCBSOIL • 28 3.5 6.1 O • 50. -.18 10.8 11.5 O. 57. 

GCLIT -.22 76.7 12.0 18. 97. .16 74.9 12.2 34. 96. 

GCDW -.10 6.4 4.4 O. 25. -.20 5.7 4.4 o. 26. 

GCGFS .35 2.5 3.6 o. 41. .36 1.5 1.3 0.1 12.6 
GCTREE -.14 1.2 1.7 o. 9. .14 0.5 1.3 o. 8. 
MECH .02 3.3 10.4 o. 65. -.32 28.8 29.8 o. 95. 

Stumps 
STUMP<5 -.04 7.5 15.2 o. 120. -.15 10.8 25.9 o. 200. 
STur~P512 -.15 8.9 14.3 o. 100. -.22 9.2 18.7 O. 100. 

STU~lP1220 -.01 5.3 8.2 o. 50. -.22 8.3 12.9 O. 60. 
STUMP20+ .004 8.9 11.3 o. 50. -.17 11.8 12.2 O. 60. 

N 
N 
0'1 



Table 34. Continued--Summary of Data Sets 1 and 2 

VilrTilbTe- Data Set 1 (333 Cases) 

R with SBEa Mean SOD Low 

Downed wood 
DWVO -.44 10.7 6.0 1. 
OWV14 -.21 67.4 31.0 11. 
OWVl -.05 112.5 67.7 O. 
OWVNS3 -.12 22.2 37.1 O. 
Dl4VNR3 -.23 84.9 87.0 O. 
DWVSS3 -.0'3 0'.4 4.0 O. 
DWVSR3 -.11 54.1 72.0 Q. 

DHVNS6 -.02 14.1 48.8 O. 
DWVNR6 -.15 67.6 98.4 O. 
DHVSS6 -.03 0'.3 3.2 Q. 

DWVSR6 -.07 35.5 57.5 O. 
DHVNS9 -.11 5.3 28.3 O. 
OHVNR9 -.0'9 59.0 96.8 Q. 

OHVSS9 Q. O. Q. 

OWVSR9 -.06 36.8 75.0 O. 
OWVNS12 -.04 11.9 66.8 O. 
DWVNR12 -.01 157.3 258.7 O. 
DWVSS12 -.02 2.5 32.8 0'. 

DWVSR12 -.14 133.0 259.0 O. 
DHVNS20 -.03 6.4 71.5 Q. 

DHVNR20 -.0'3 160'.3 422.0 O. 
DWVSS20 Q. Q. O. 

High R with SBEc 

37. -.27 
243. -.26 
480. -.20 
273 -.10 

726. .0'0 
49. -.35 

382. .0'8 
340'. -.0'6 
561. -.21 
42. -.22 

381. -.00 
260. -.09 
520. -.07 

Q. -.20 
378. -.05 
630. -.05 

1581. -.13 
466. -.15 

1826. -.05 
10'81. -.0'8 
3853. -.0'1 

O. 

Data Set 2 (120 Cases) 

Mean SO LOI~ 

7.5 4.8 1. 
108.0 57.8 14. 
160.2 98.0 25. 
28.9 53.6 O. 
34.0' 40.5 Q. 

76.2 97.8 O. 
32.7 47.3 Q. 

20.8 48.4 Q. 

37.3 56.9 O. 
46.5 84.0' O. 
39.5 67.4 O. 
13.4 39.8 O. 
33.5 75.3 O. 
16.9 50'.1 O. 
32.8 65.2 Q. 

16.4 68.4 O. 
90.4 200.2 O. 
28.3 110.8 O. 

10'4.1 182.5 O. 
5.4 59.7 O. 

105.4 313.2 Q. 

Q. O. O. 

High 

29. 
312. 
636. 
420'. 
199. 
579. 
305. 

253. 

343. 
644. 
481. 
211. 
444. 
236. 
258. 
421. 
984. 
916 
808. 
654. 

1766. 

O. 

N 
N 
~ 



Table 34. Continued--Surrunary of Data Sets 1 and 2. 

Variable Data Set 1 (333 Cases) Data Set 2 (120 Cases) 

R with SBEa Mean SOb Low High R with SBEc Mean SO Low High 

DWVSR20 -.21 235.1 565.7 o. 4414. -.04 68.4 212.2 O. 1343. 
DWV3+ -.24 1086.7 971.6 O. 6301. -.23 830.9 721.7 19. 3903. 
DWVNAT -.12 740.4 639.8 14. 4236. -.10 475.2 540.8 O. 3122. 
DVWSLA -.23 536.9 748.9 O. 5347. -.27 631.4 528.5 O. 3204. 
DVWTOT -.25 1277 .3 1001.4 57. 6582. -.26 1106.5 766.3 158. 4255. 
PCTSL -.11 15.9 15.2 o. 66. -.47 54.5 25.4 O. 100. 
FD -.19 2.8 1.5 0.3 11. .05 2.7 1.8 0.5 9. 
CVDW -.00 1.2 0.4 0.3 2. .11 1.0 0.4 0.3 2.5 
BRUSH -.23 8.6 9.4 o. 45.5 -.24 13.3 17.1 o. 120. 

a The absolute values of these Pearson correlation coefficients (R) must be at least .07, .09, and .13 to be significant 
at the .10, .05, and .01 probability levels, respectively. 

b Standard deviatio". 

c The absolute values of these Pearson correlation coefficients (R) must be at least .11, .15, and .20 to be significant 

at the .10, .05, and .01 probability levels, respectively. 

N 
N 
<Xl 



Table 35. Summary of Data Sets 3 and 4 

Data Set 3 {23 Cases} Data Set 4 { 13 Case$l 

R with SBEa Mean SOb Low High R with SBEc Mean SO Low I:igh 

SBE 1.00 15.75 24.78 -32. 64. 1.00 14.0 21.3 -23. 49. 

Land 

ELEV -.04 7303.0 278.9 \i480. 7550. .05 7300.0 76.2 7120 7400. 

SLOPE -.26 12.9 7.0 2. 29. -.31 9.4 6.7 2. 20. 

ASPECT -.45 6.6 2.2 2. 9. .43 5.6 2.3 2. 9. 

SI -.18 78.2 6.0 64. 89. -.54 75.3 3.2 67. 79. 

Overstory summary 
PPBA -.38 125.0 36.8 68. 218. .30 77.3 17.9 50. 111. 

GOBA .15 18.8 12.9 2. 51. .26 8.6 5.2 O. 16. 

TOTBA -.28 144.5 44.0 84. 260. .42 86.0 16.1 65. 123. 

CUFT -.73 2627.6 774.8 1581. 4875. .41 1664.1 509.3 1046. 2694. 

MBF -.11 10.2 3.1 5.8 18.9 .41 6.9 2.7 4.1 13.5 

CC -.25 57.2 12.0 39. 90. .55 43.3 7"1 36. 61. 

TG .64 1.7 0.7 1. 3. -.58 2.6 0.9 1. 4. 

TS -.25 2.3 0.6 1. 3. .49 1.4 0.7 1. 3. 
Trees 

PP4 -.23 179.0 128.1 9. 500. -.19 126.9 104.6 13. 350. 

PP516 -.39 166.9 70.2 57. 326. .15 103.4 46.4 64. 199. 

PP1624 -.31 12.5 5.8 6. 31. .41 7.0 2.8 1. 11. 

PP24+ .35 3.6 1.7 1. 8. .53 2.9 2.1 O. 8. 

G05+ .05 24.0 16.6 2. 66. .32 10.2 9.6 O. 26. 

Herbage 
POGFS .72 82.7 49.4 15. 233. -.32 109.1 43.7 52. 167. 

CCGFS .82 15.8 9.9 5. 48. .14 17.6 4.9 9. 27. 

HTMAX .75 8.9 3.8 4. 22. -.01 9.6 2.9 6. 14. 

N 
N 
1.0 



Table 35. Continued--Summary of Data Sets 3 and 4 

Data Set 3 (23 Cases) 

R with SBEa Mean SD6 Low 

Ground cover 
GCGRAV -.09 2.2 1.4 0.1 

GCCOB -.07 5.1 3.6 1. 
GCSTONE .09 2.4 1.8 0.2 

GCBSOIL .32 3.4 2.5 0.1 

GCLlT -.21 76.8 6.3 62. 

GCDII • 23 6.3 1.8 3. 
GCGFS .24 2.6 1.6 1. 
GCTREE -.45 1.2 0.5 0.4 
MECH -.14 3.0 4.9 O. 

Stumps 

STUMPS .12 7.6 6.7 1. 
STUMP512 -.05 8.9 7.4 1. 
STU~lP1220 -.lD 5.3 2.6 2. 
STUMP20+ -.13 8.9 5.2 1. 

DO\~ned wood 

DHVO -.73 10.8 4.2 5. 
DHV14 -.20 67.3 13.4 42. 

DWVl . 07 112.7 30.6 40. 
m1V3+ -.32 1008.6 502.2 300. 

DWVNAT -.08 739.9 300.9 326. 

DWVSLA -.36 539.6 387.3 64. 

High . R with SBEc Mean 

6. • 32 2.1 
16. .66 3.5 

7. .36 1.9 
8. -.55 9.1 

88. -.15 74.2 

9. -.14 6.4 

7. .42 2.2 

3. .27 0.6 
18. -.61 20.5 

33. -.18 10.3 
33. -.57 11.4 

lD. -.70 8.0 

23. -.66 11.9 

22. -.47 8.0 

99. -.81 98.6 

156. -.46 163.8 

2343. -.29 893.6 

1506. -.18 495.0 

1728. -.43 669.0 

Data Set ~ ( 13 cases) 

SO Low 

.08 1. 

2.2 1. 
1.2 0.1 
4.2 2. 

3.8 66. 

1.7 4. 

1.9 1. 
0.5 0.1 

25.1 O. 

10.1 O. 
18.7 O. 
5.4 o. 
5.1 5. 

3.0 4. 

45.1 52. 

54.5 107. 

347.9 265. 

243.6 111. 

278.8 234. 

High 

4 • 

8. 

5. 
17. 

79. 

10 • 

7. 
8. 

63. 

33. 
70. 

21. 

23. 

14. 

221. 

312 . 
1424. 

946. 

1132. 

N 
W 
o 



Table 35. Continued--Summary of Data Sets 3 and 4 

Data Set 3 (23 Cases} -- Data Set 4 ( 13 Cases) 

R with SBEa Mean SDb Low High R with SBEc Mean SD Low High 

DWVTOT -.31 1279.5 533.5 390. 2611. -.43 1164.0 380.8 484 1738. 
PCTSL .22 15.B 8.7 0.4 37. -.72 47.5 23.1 17. 91. 
FD -.34 2.8 0.8 1. 5. -.49 2.8 1.0 2. 6. 
BRUSH -.28 9.0 6.9 0.1 27. -.56 16.3 21.7 .5 85. 

a The absolute values of these Pearson correlation coefficients must be at least .27, .35, and .48 to be significant at 
the .10, .05, and .01 probability levels, respectively. 

b Standard deviation. 

c The absolute values of these Pearson correlation coefficients must be at least .37, .47, and .62 to be significant at 
the .10, .05, and .01 probability levels, respectively. 

N 
W ...... 
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