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Figure l: Visibility in
Environmental Land management,

Vision plays a central role in man's environmental behavior. It

has been estimated that approximately ninety percent of our sensory

stimulation is visual. Throughout the evolution of culture, landscape

visibility has been a major determinant of the location and physical

form of human settlements. Examples include defense fortifications,

dominant religious structures, navigational aids, and recreation site

development.

The comprehensive management of environmental resources encompasses

critical stages of resource analysis, land planning and project design.

As illustrated in Figure 1, each of the interfaces between these stages

Incorporates visibility information. These include: scenic assessment,

project location, impact analysis, activity allocations, and performance

criteria.

Visibility deals with both the geographic extent of surfaces which

can be seen, and the legibility of features which, in composite visI�

bility mapping, provides the basis  or human perception and cognition
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of landscapes. Geographic extent of visibility is the primary emphasis

of this monograph.

Historically, development siting and design decisions utIlized a

limited, intuitive approach to resource analysis. Visibility informa-

tion was often developed in � situ, by means of direct terrain observa-

tions. In the twentieth century, as accurate topographic maps and

remote sensing Information became available, more sophisticated, off-

site methods of visibility mapping evolved. The recent momentum given

to environmental studies, particularly aesthetic concerns, by the National

Environmental Policy Act  N.E.P.A.! has led to the widespread use of

visibility mapping techniques.

In the context of coastal aesthetic research conducted for the New

York Sea Grant Program, a wide range of theoretical studies, and project

reports were reviewed. The author found that although a variety of

methods were apparently being used by design and resource professionals

to map visibility, the published documentation exhibited a widespread

lack of clarity in both conceptual logic, terminology, and methodologi-

cal approaches.

Many of these studies appeared to be underfunded, resources expended

did not reflect the significance of the information, and some were



clearly isolated from or "tacked on" to a more comprehensive study.

In contrast, some excellent prototypical state-of-the-art applied

visibility analyses are beginning to emerge from the public and pri-

vate sectors.

The purposes of this report are threefold:

a. To develop a coherent, conceptual construct of landscape visi-

blllty mapping;

b. To systematically articulate the alternative methods of data

organization, and visibility mapping through the use of selected

illustrated examples; and

c. To foster improved integration of visibility information into

complex resource planning and pro]ect design.

The body of this report is presented in six parts. Section II contains

a working definition of a comprehensive visibility model. Section

III includes a discussion of data assembly for the elements of the

visibility model; while Section IV is focused on line-of-sight process-

ing methods for stationary positions; and Section V for moving observers.

Visibility study outputs, plan views and perspectives, are discussed in

Sedtion VI, while some brief conclusions are identified in Section
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A. INTRODUCTION
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Figure 2: Visual Transmissi an.

Many primitive peoples have conceived of sight as a physical process

which emanates from the human eye, as shown in Fig. 2. Although modern

physics has shown the reverse is true  light enters the eye from external

sources! the primitive approach is ideal for understanding the geographic

extent of visibility.  Note: A visibility analysis of a smoke stack

could "look" at the stack from the adjacent environment, or "look" from

the stack into the environment.!

Consider building a scale three-dimensional model of a real land-

scape. The model is placed in a dark room, and a tiny light source is

placed on the model's surface at the position of an observer. The sur-

faces which are directly illuminated represent the locus of all visible

points, the "viewshed".

In the model, the configuration of the surfaces blocks the light

from reaching the dark  hidden! areas. This blocking is called

"interposition". If we then project the iljuminated viewshed vertically



BE ACRO LANDSCAPE

Landforms and surface features are the primary elements of inter-

post.tion. They also provide the visual content which is the basis for

scenery analysis. The role of landforms in the context of scenic evalua-

tions has been extensively explored in previous N.Y. Sea Grant work

 Felleman, l977!.

Landforms � Landforms include terrain and surface water features.

Visually significant characteristics include size, shape, distance from

observer, and aspect  orientation relative to solar position and observer

location!. In large seal~, rugged landscapes, landforms tend to provide

Fi qnr» 3: Point Li qht Sovroe Hodel

to a horizontal plane, we have constructed a scale "potential visibility

map". This is shown in Fig. 3.

The infinite number of light rays in the above example are analogous

to "lines of sight" passing from observer to the environment. A major

issue in visibility analysis is to selectively reduce the number of such

lines investigated to a representative, manageable set.

The word "potential" is used above to clarify the difference between

the simulation and the complexities of the real environment. A more

comprehensive model of visibility mapping is shown in Fig. 4. Each of

the elements is discussed below.
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Figure 4: Visibility Yodel .



the majority of interposition determinants. A frequently used simpli-

fication of the visibility model utilizes only landform, observer,

lines of sight, and viewshed record. The latter is properly called a

"Potential Topographic Viewshed" to clarify its limited scope.

Surface Features � Surface features include vegetation and built

forms. Regional scenic studies have developed the general principle

that as the scale of landforms decreases, the visual significance of

surface features increases  see Figure 5!  Research Planning and Design

Associates, 1972, p.N-19!.

In addition, field research regarding scale and distance, indicates

that the significance of surface feature" will decrease as sight-line

distance increases from foreground, to midground, to background  see

Figures 6a, 6b!  Litton, 1968!. A New England highway study revealed

that land development types could be identified at a maximum of 1 km

 G.5 km mean!  Jacobs and Way, 1969!.

In a significant water related analysis, the combination of earth

curvature and light refraction are shown to reduce the apparent

height of water surface objects  See Figure 7!  Roy Mann Associates,

July, 1975a, p.293!.  See also discussion in Section IV-D!.

Landforms are generally static within the time frame of a project

oriented visibility study. A major earth moving project wn»1d he an
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Figure 6a: Distance Zones.
Fi gvre 6b: Di s tance Zones

Perspective.

Figure 7.. Vi si bi !i tg Factors � Open Water.



example of the exception to this statement. However, the temporal

dimension is highly relevant in the treatment of surface features as

the seasonal attributes of vegetation and land development changes.

A comprehensive visual analysis would Include a representative treat-

ment of expected surface feature conditions which are relevant during

a pro]ect's short � term implementation stage, and its long-term useful

life.

~Atmos here � Atmosphere characteristics are a coattuuously

variable element In visibility studies. Lighting conditions, clouds

and precipitation can all modify the potential topographic and surface

feature visibility. This Is important to both viewshed and scenic

analyses.

A dramatic visual analysis of Boston from ma!or highways in day

and night conditions illustrates an e~treme example of variable

lighting conditions  Appleyard 6 Lynch, 1964!. The significance of

terrain aspect, sun angle, and observer position in viewing surface

features is illustrated in Figures 8 and 9  U.S. Forest Service, 1972,

p.l2!. Aesthetic field research has shown that coastal haze and fog

is a frequent factor modifying on � site visibility  Felleman, 1979!.
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Figure 8: Solar Position.



SEASONAL LIGHT CONDITIONS � GENERAL
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Figure 9: Seasonal Li ght Candi Cions � General
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C. OBSERVER

As noted earlier, a major consideration in designing a visibility

study is to effectively select a representative set of lines-of � sight

to be investigated. Particular views may be highly significant because

of their frequency of occurrence, the unique content of the scene,

or a combination of these factors. Frequency of occurrence is typically

associated with concentrations of observers. In addition, for projects

which will generate new viewers the analysis should include views of

the project and from the projects. Figure l0 depicts "views of the road"

and "from the road".

from activity patterns such as residential clusters, recreation si.tes,

and major vehicular routes. The U.S. Forest Service has identified three

functional criteria for analyzing observers: number, view duration, and

scenic concern  recreation, residential, other!  U.S. Forest Service,

1974, p.lg!. In an analysis of proposed cooling tower alternatives for

a Hudson River power plant, analysts quantified and weighted residential,

auto, rail, and boat viewers within the potential viewshed influence

zone  Jones and Jones, 1975! . In a transmission line study, the number

of observers was factored by ... "An attention analysis,  which! addresses

Figure 10: Vie+ "Of" and "From"

Road.



how many of the potential viewers will be preoccupied wIth other aspects

of the landscape ..."  Carruth, et al., 1977, p.32!. Attention may also

be used as a design principle in providing sequential variety  Pragnell,

].970, p.38! .

Uni ue Scenes � Resource and scenery studies must often deal with the

protection of unique snd sensitive landscapes. In a remote wilderness

area for example, it might be important to protect a view of a unique

feature for potential, aesthetically sensitive viewers years or even

generations in the future. In this case viewsheds are mapped from

significant landscape features to identify potential view Influence zones.

Hxamples of visually significant landscape features include: hill-

tops and skylines, water features, enclosed ~alleys, vista points, and

unique resources. In one of the earliest visually related guidelines,

the Federal Power Commission stated that rights of way should not cross

ridgelines parallel to the line-of-sight, and that structures should

not be placed at the crest of a hill  Federal Power Commission, l970!.

This logic is based on our perceptual use of skylines to provide con-

stant orientation, combined with the high degree of visual contrast

given to objects silhouetted against the sky.  See Figure ll!.



There is a general consensus that the presence of water

greatly enhances the scenic quality of a view. In addition, water

features often provide opportunities for extended, unobstructed

views. In a comprehensive study, a hierarchial classification of

water-related features was proposed: the landscape unit, setting

unit, and waterscape unit  Litton, et al., 1974! . The latter in-

cludes the adjacent upland slopes which are visually related to

the water surface  see Figure 12! .

The pioneering N.Y. Hudson River Valley Commission had a flexible

Jurisdictional limit based on the water-surface viewshed. This

approach has been used in studies of the Potomac and Lake Tahoe,

and has been incorporated in federal and state, wild and scenic

river legislation.

Enclosure is another scenicalLy positive landscape attribute.

Potential for open views within an enclosed valley was a central

concept in the classification of Nassachusett's scenic highways

 see Figure 13!. This concept has aIso been incorporated in studies

of the Hudson Valley  see Figure 14a!  Harper, 1978, p.38!, and

Ross County, Ohio  see Figure 14b!  Kobayashi, 1975, p.160!.

Scenic turnouts, recreation trails, and residential sites are

all eni!anced E!y location at points in the terrain wE!erc broad vistas

Fx9ure 12: Water influence Zone.

F!.<gum j.3! F,n~. josure � Was "ae.E! Use t ts



Figure 145: Ross County � Ohio.

Figure l4m: F,'no! osure � Hud on Pal.ley.
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are available. In rugged terrain, peaks and ridgelines often pro-

vide maximum views; while in more logically mature land forms,

maximum views tend to occur where steep side slopes end at the base

of the rounded terraces and crowns.  See Military Crest, Section

IV.!  See Figure 15.!

position and Motion � Viewshed and view content are functions of

viewer position and motion. Three prototypical viewe~ positions

relative to the vertical compositon of the scene have been identi-

fied: superior  above!, normal  intermediate!, and inferior  below!.

 See Figure 16!  Litton, 1968, p.7! .

A matrix of viewer postions and distance zones developed to

aid in the selection of scenic impact analysis locations, is shown

in Figure 17  Battelle, 1974, p.97!.

The relationships of viewer motion and visibility have been

extensively studied from the perspectives of ground and air traffic

safety. Unlike the stationary position which is typically pre-

sumed to have a 360o potential viewshed, medium and high speed motion

has been shown to limit the normal cone of vision particularly for

the driver. The concept of view cone is discussed in Section V.

Figure l5. Vista Points.
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Figure l6: Viewer posi tio~s.



Observer Environment � Observer environment includes both observer

inc Z| b 31 S hfdf
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TABLE 15. Tdea'liaed Vleugnint DiatributiOn: Natural
Draft Cooling Toner Alternative O 2 Final
Vieuscapes Required!.

Observer Observer Observer
Inferior Normal 5ugeriorDistance

Foreground
0-1/2 Miles

Niddleground
1/2-5 niles

background
>5 niles

Fi pure 17; Vi elarer/Di Stance
Di str ibuti an.

D. PROCESSES

Lines of Si ht � All viewshed delineation methods make use of one

or more line-of-sight techniques. These may be generally grouped into:

fie]d approaches, physical analogs, and numerical simulations, Field

container  vehicle, building windows...! if any, and the immediate

natural and built landscape. Although conceptually these factors are

a loca&.zed continuum of the Macro Landscape surface described above,

it is analytically useful to differentiate immediate foreground objects.

Both observer containers and immediate landscape are often design

variables which may be studied in detail such as window orientation

and screening plantings, Because these features may not be visually

opaque or continuously solid, view "f iltering" as well as interposition

may occur. Many impact studies now incorporate seasonal "foliate" and

"defoliate" visibility analyses.

In addition, the accuracy and scale of data needs may be very

different for immediate and macro landscapes. For example, a forest

mass on a topographic map may correctly define a hillside midground sky-

line condition while the map may not have any indication of a single

roadside hedge which effectively blocks or filters views from the route.



approaches are the traditional in-situ "actual views". Modern adaptations

include the use of airplanes, helicoptors and balloons, as well as photo-

graphic recording techniques to expand the scope and content of the

method.

Physical analogs primarily include interpretation of topographic

maps by means of cross sections, vertical stereo air photo interpretation,

and the use of terrain models utilizing periscope optics  model scope!

or point light sources. The latter was briefly described in the intro-

duction  see Figure 3!. Numerical simulations utilize digital computers

to "pass" line-of-sight vectors from the selected observer positions to

intercept a numerical  x,y,z! approximation of the macro landscape.

~Recordin � The locus of lines � of-sight must be recorded in s for-

mat which is compatible with the resource analysis, planning, or design

data needs. Limits of visibility may be recorded directly in the land-

scape by the placement of markers. More typically, plan view maps and

perspectives are prepared which depict the viewshed limits and view

content, respectively. It is important in processing data to articulate

both the type and quality of view limit so that subsequent interpre-

tations are properly founded. For example, recording should differentiate

between moving and stationary views, the presence or ahsence of seasonal
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Figure lB: Viewshed Limit
Accuracy.
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Figure 19' Plan/Perspecti ve.

vegetation considerations  such as filtering!, and the geographic

specificity  "hard", "soft","ambiguous" ! of the viewshed limit

delineation. The latter is illustrated in Figure 18.

Computerized resource studies typically require numerical inputs

of visibility. These can range from a single +, �  visible, not visible!

to sophisticated geographic matrices of "weighted scores" which in-

corporate the area of view, distance, slope/aspect, and number and types

of observers  see Section IV-D!. Although mapped visibility is useful

to the interpreter, actual computer format is typically tabulated cards

or tapes. Perspectives are highly useful in illustrating the content of

scenes due to the ease of reader legibility  see Figure 19!  Roy Harm

Associates, Dec., l975, p.77!.
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A. INTRODUCTION

The macro landscape and observer components of. the visibility model

require the collection and synthesis of terrain aud surface character

data. Careful attention to this stage of study design is important for

internal consistency, i.e., that the data is compatible in form and

quality with the subsequent line � of-sight process to be utilized. In

addition, external consistency is also significant. This includes

the sharing of information gathered from other components of tbe

resource analysis project.

It is highly useful in discussing data to clarify its relationship

to the actual environment. In this monograph the following functional

definitions will be used:

PRINARY DATA � Data collected in the field. Examples include photographs,

sketches, map notes, videotapes, and position marking such as flags

and stakes.



SECONDARY DATA � Information, typically mapped, which has been processed

axXressl for the vtsual study, or for a direct data seed of the

study. An example of the former is a forest cover map made from

air photos; while the latter would include topographic maps such

as the U.S.G.S. 7Q minute quadrangles.

TERTIARY DATA � Mapped geographic information not expressly developed

for visual studies. Examples would be soil surveys, wetland

designations, and New York's Land Use and Natural. Resources

Inventory  L.U.N.R.!.

AR A A A � Numerically processed secondary and tertiary data.

This information has been manipulated for inclusion in digital

computer analyses. Examples are the grid cell centroid eleva-

tions obtained from topographic base maps, and height and

diversity of vegetation interpreted from air photos and stored

for Q square kilometer cells in the EDAP study  Landscapes

Limited, 1973!.

PENTENARY DATA � Numerically hybrid quarternary data. Examples include

slope and aspect maps generated from grid cell elevations  Travi.s,

et al., 1975!, and grid cell elevations developed f rom "random"

point elevations  Sampson, 1978! .

20



H.LANDFORM

Three dimensional physiography is usually the dominant interposition

factor in large and medium scale landscapes  e.g.: those that contain

views of background and midground distances!.

1. ~Pr|mar

Primary terrain data may include topographic surveys, field sketches,

ground level photography and vertical aerial photography. Field sketches

were the traditional means of recording land features on maps by ex-

ploration parties. An example is shown in Figure 20  Litton, 1973, p.3!.

Although viewer position  or object location! photography has largely

supplanted the need to manually portray detailed features, field sketches

supplemented by notes can be highly useful in highlighting the character

of terrain features as experienced and photographed in the field  see

Figure 19!  see Figure 21!  Litton, 1973, p.21! .

Fiqure 20: Detailed Field Sketch.

In the following brief overview, each Nacro Landscape and Observer

Environment element of the visibility model will be addressed from the

standpoint of primary, secondary, tertiary, and quarternary data consider-

ations. Pentenary discussions are included where appropriate.
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Viewer position  or object location! photography is a major primary

terrain data collection technique. Ground photography is particularly

useful in the direct analysis of profiles and skylines, and the evalua-

tion of "before and after" scenic impacts using artist renderings  see

Figure 22!  U.S. Nuclear Regulatory Commission, 1977! and computer

plots  Kunit, Calhoon, 1973; Aerospace Corp., 1977; Penzien, 1978,

p.36!  see Section IV!.

Vertical aerial photographs in stereo pairs can be used to update

major topographic changes such as landslides, reservoir construction

and surface mining.

2. ~Seeondar

The U.S.G.S. topographic maps provide analysts with the major source

of terrain information. Contours  lines connecting points on the ground

surface of identical surface elevation! are plotted to national map

standards. Analysts should be sensitive to the dates of the U.S.G.S.

photography and interpretation.

In some study locations more detailed topographic maps may be

available. For example the New York State Department of Transportation

has developed 1" = 20', 50' maps for the vicinity of its project locations.

In recent years many advances have taken place in the field of carto-

graphy. One of the mos  promising I; the "orthophoto map", the plotting
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of pertinent terrain � contours and cultural information on a distortion

corrected air photo mosaic. The U. S.G. S. is introducing these maps in

its nationwide map series.

3. ~Tertiar

Where available, surficial geology maps are readily combined with

topography to define visually relevant Iandforms. In contrast bedrock

geology, and soil survey maps appear to be of little direct use.

4.

Figure 23: Digitized Elovations.

With the advent of digital terrain analysis,  see Section IV! con-

siderable research interest has been devoted to the development of digitized

data banks of terrain information. Typically these include a matrix of

cartesian coordinates with associated elevatIons for each grid inter-

section  or cell centroid!  see Figure 23! .

At present, the only widely available terrain data is the Defense

Napping Agency's  D.H.A.! tapes which are a digitized grid of the U.S.

Geological Survey I:250,0GO generalized topographic maps. Ground cells

are 200' square  National Cartographic Information Center!.

The suitability of this information. for visual analyses is a

function of the scale of the project area, and the degree of resolution



required. In an innovative scenic river study, the D.M.A. tapes were

used to establish the "scenic boundary" for the Upper Missouri. Since

the D.M.A. information has a maximum deviation of 400' horizontally

and 100' vertically, the study was designed to map 400 acre units

�,320' square!. This approach was considered conservative as a

"V" shaped valley is approximated by a trapezoid  see Figure 24!  Van

Dyke, 1977, p.7!. In contrast, the N.Y. Sea Grant Port Bay Case Study

found that the vertical relief of the I:250,000 maps and the D.M.A.

tapes were too gross to accurately represent low relief coastal areas

 Felleman, 1979!.

With the rapid evolution of computer hardware and software, many

alternatives are now available to generate data for subsequent

analysis with numerical terrain routines. Since most analyses

internally utilize numerical grids, decisions must be made regarding

accuracy, cost, and whether to input a grid  quarternary! or to

generate a grid with a software program from non-grid points  pentenary! .

Digitizing is the process of converting pictorial information

 maps, photos, etc.! to a computer compatible  cards, tapes, etc.! numer-

ical format  U.S. Forest Service, 1978! .

AC

Figure 24: DHA Imndform Truncation.



In discussing computers, it is useful to incorporate the

process sequence: input, analysis, and output, Since geographic

information can be grouped into points, lines and areas  polygons!,

Figure 2S depicts the variety of approaches currently available for

developing digital terrain model base data.

Quaternary processing entails superimposing a grid on the data

source information and either manually recording, or electronically

digitizing corner point  or centroid! elevations.

5. ~Pentenar

Pentenary data can be developed in various ways. "Random"

points  either statistically random or selected! can be digitized

in x,y,z coodinates and a numerical surface program run to create

grid elevations  Sampson, 1978, p.91! . Linear contours can be

digitized  x,y coordinates along the contours, one z elevation

associated with each linear string! with subsequent transformation

into a numerical grid  Aerospace Corp., 1977, p.5-1!.

An analytically powerful means of representing a three

dimensional surface is to approximate it with a finite number of
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facets, each with internally consistent surface characteristics. This

approach is widely used in industrial design  automobile bodies!, and

computer graphic shading  Newman, Sproull, 1973, par t IV! . In land

form analysis a growing utilization. is being made for slope, aspect,

and watersheds  see Figure 26!. A computer-derived numerical data bank

can be made by inputting the polygon or corner outline of facet areas

and associating general surface curvature with each area  Wagar, 1977!.

C. SURFACE FEATURES

The significance of terrain surface features, vegetation, and

buildings, for interposition in the study area should be carefully con-

sidered at the project outset. As the scale of terrain features, and/or

the distance to observer positions increase, the significance of surface

features in defining macro landscape limits of visibi1ity diminishes.
Fi uvre 26.. Terrain Facets.

l. ~Pr1mar

Field sketching and f ield photography are generally an inef f icient

means of assembling comprehensive surface cover information.. Major

difficulties may be encountered in transcribing such information

accurately to a topographic base map,

In contrast, vertical air photos  particularly stereo pairs!

provide the most significant data source. Note, however, that l leld cliecks
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are highly useful in developing a correct photo interpretation "key"

for categories such as vegetation type and height  Reeves, 1975! . An

important use of stereo photos in New York is to update the L.U.N.R. map

interpretations  see C3 below! .

2. ~Seaaadar

The U.S.G,S. topographic maps contain a rich spectrum of cultural

and natural features. An example is shown in Figure 27  U.S.G.S., 1972! .

The user should be cautioned as to the date and accuracy of this informa-

tion which is noted in the map legend.

In New York State the Department of Transportation has made a

statewide update of political and cultural features at the identical

U,S.G.S. 7 1/2 minute map series. Napa are available as planimetric or

as overprints on the original U.S.G.S. topography from the Department's

Nap information Unit in Albany.

3. ~lertiar

The New York State L.U.N.R. system is an excellent example of a

rich surface feature data source that is increasingly available to the

visibility analyst. L.U.N.R. is an automated data bank that was con-

structed in the late 1960's to provide an information base for multi-

purpose local, regional. and state planning. 1968 and 1969 air photos



The L,U.N.R, categories mapped were not developed for visual analysis.

Thus, there may be a range of visual character types encountered in a

single land use type such as single family residential. Study area

field checks may be necessary to clarify this situation.

Numerous surface type classifications are developed for national,

state, and local planning and project purposes. The advent of a

national land use and land cover system keyed to the U.S. Geological

Survey base maps will set the framework for future analyses  9 general,

37 specif ic categories!  U. S. Geological Survey, 1978! .

7

r.' N . R . � A r r. -i,a n '

Poi nt Data.
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were interpreted for categories of land use and natural resources.

The interpretations were manually transcribed to transparent overlays

which fit the U.S.G.S. quads. However, visibility and visual character

were not one of the system's application objectives.

The L.U.N.R. overlays contain the outlines of photo interpreta-

tion for point, linear and aerial information types  see Figure 28!

 N. Y. S. Of f ice of Planning Services, 1974! . This mapped data is avail-

able in print or overlay form at the U.S.G.S. quad sheet scale, Both

mapped data and numerical grid data are available to analysts. The

former, although dated, continues to represent a major data source for

many current impact assessments.



4.

The L.U.N.R. system described above wa designed to provide fully

automated data and analysis assembly. A statewide 1 kilometer square grid

system was superimposed on this mapped data and quantitative information

was stored for each cell, by area, length, or number  Figure 28! .

In contrast, some recent pro!ects have incorporated in a multi-

purpose data bank, land use and surface cover categories that are

integrally related to scenic analysis. Applied research conducted at

the University of Hassachuset ts  Fabos, 1976! and Harvard  Steinitz,

1978! utili.zed prior field and photography preference tests in

assembling data, and building interpretive models.

The Harvard work is noteworthy in its dynamic synti~esis of surface

types and viewing distance  see previous discussion Section II-Surface

7eatures!. The 267 1and use and landscape types which are potentially

visible in foreground �00 meters! are aggregated into 30 types in the

midground �00 meters +!, and 13 groups at "far" distances  Steinitz, 1978,

p.29!.

D . ATMOS P II ERE

Thi s .is one of the most comp3ex el ements of the visibility model due

to the rapid rates of H>ange inherent in climate.

33



l. ~Primar

Field observations can be made under varying day/night, and weather

conditions to gauge generalized visibility distances associated with a

predefined set of significant climatic conditions.

2.

Charts and tables of solar position can be used to map seasonal,

potential sunlight. The U.S. Environmental Protection Agency keeps

visibility  haze, smog tables...! information for metropolitan areas

and ma!or industrial regions.

3. ~Ier tiar

Weather bureau and airport and coastguard data is highly site-

specific. Extreme care should be taken in extrapolation of cloud cover

and visibility data to remote sites.

E. OBSERVER TYPE AND QUANTITY

The importance of visual features may vary among observer types.

As noted above, the U.S. Forest Service, in its Visual Management System,

differentiates between recreation and nonrecreation travellers. The

quantity of viewers is used by analysts to select irrrportant line-of-

sight locations, and to weigh the relative importance of various views.



1. ~Primar

Field surveys are a frequent method used by recreation and trans-

portation analysts to characterize and quantify user groups. These

approaches  surveys, questionnaires...! can be directly applied to visual

studies. Most public parks maintain visitor count records. Recreation,

 Shafer, 1966!, land planning  Zube et al, l975! and other researchers have

developed scenery evaluation approaches which involve direct field  or

photo! evaluations.

2. ~dacccdar

Frequent use is made of highway traffic counts to quantify potential

numbers of views from the road. This is done by multiplying vehicle

counts  such as computed Average Annual Daily Traffic, A.A.D.T.! by a

selected occupancy rate, such as 2.5 people per car, and factoring for

daylight hours. Such an approach does not deal directly with user types,

except where special counts are availahle. State, county, and some

municipal highway departments maintain traffic count data for facilities

under their jurisdiction. Where data for precise numbers of travellers is

not available or necessary, the Federal Aid Highway Program's Functional

Classification System is a useful  and <.omprehensive! proxy. All routes

in the country have been classified for both urban and rural areas

 J<urc.'au ot. Publ t< Roads a l969! . 1n New York, 1 he State Department



Transportation has mapped these classifications on the 7 1/2 minute

 l" = 2000 '! planimetric base  Figure 29!.

scen c.A Federally mandated highway evaluation was conducted by each

state in the early l970's.  Federal Highway Admin., 1973.! In addition,

many counties and municipalities have designed scenic routes. These

play an important role in developing impact hierarchies.  Wirth

Associates, 1976, p. 7-16! ~
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3. ~Tertier Maarr CIlleuar
Miner Cehntrar

Miner Ar!Ir ill
Cnarciar

For urbanized areas, land use maps, census data, master plans, and

zoning may be utilized to approximate existing and future number and

type of viewers. Metropolitan transportation studies include industrial

and commercial square footage which can be extrapolated to estimate users.

This information is, at best, approximate and should be presented with

clear explanatory notes. A common problem with quantification of viewer

data is the misuse of significant figures, and the lack of provision of

an expected statistical range.
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l,and use and transportation computer models are frequently used in

simulatir!g future conditions to assist resource managers in decision making,

These. tools can be adapted to provide gross viewer type and quantity data



F. OBSERVER POSITION AND NOTION

n conditions, from tlIefinite number of viewingThe selection of a ni e

fsible views s a major challenge ovirtually unlimited number of possibl

'm ortant stationary observationstudy design. tuS dies may contain important s a

I 'I positions from s .scenicas well as proxypoints and movement paths, a 5nSCTED VleylN9 FOSll'l0NS

p fQUL4Q.'f 594LfD Pos>TlOH5

2.

gAHbOQ<f SPAZ L'D POSlTlOH5

Q! HTl g tlat QQ POS l1 lONb Figure 30! .

qrj . I/Is W rr>JI.-! ~ I ruI t Ir'I>r ...F" jr rrrr ~
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elemen ts.

s ma be functionally selected, regularlyView analysis positions may be unc

30! "Landscape Contror I Points"
space , rd random or continuo us  see Figure

7ubed b Jones and Jones, .u ehed b Litton and utilize y a concept researche y

in ositions which providetes a few selected viewing pos t oand others! incorporates a ew

tative views o a vaf variety of landscapespatia y exll tensive, representat

ced as t on used inced asi.tions are frequently use ntypes  Litton, 1 973!. Regularly spaced pas t on

d in evenly spacedal sis of areas, ana grid format for computer analys

ints along roa way ang d and travel corridors such as distance or time! poin

oints have been used to assessscenic r ive rs. Randomly generated po n s

1976 .92! and roadwaywide Baster, ,p."typical" views n a ai landscape for areawi  

' e a roach of "continuous" viewcontexts  Viohl, l977!  Figure 30 ! . The approac i o c

ews along movement pathsd i.n the analysis of views a opositions is often use n



1. ~Primer

The selection of visual control points should be made  or confirmed! in

the field. Stereo air photos are frequently used with topographic maps to

prescreen locations.

2. ~Seconder

Topographic maps are the usual base for designation of regular, random

and continuous positions.

3. ~Tertiar

These sources are used to supplement topography in selecting con-

trol points. Examples include: maps of historic sites and natural

features, and maps showing future concentrations of viewer activities,

such as a proposed town or park master plan.

Data bank models can screen visually sensitive locations. The U.S.

Forest Service has utilized its VIEWIT program to identify highly

visible project impact locations  Johnson, 1974!. Cells with high visi-

bility can be designated as significant viewpoints for subsequent analysis.



G. OBSERVER ENVIRONMENT

The importance of observer environment data is a direct fu~ction oF.

the observer positions selected, and the line-of-sight method to be used.

For example, if a sensitive site is to be analyzed for views from adjacent

public roads then existing roadside conditions are crucial. In contrast,

a regional location search for a utility route may omit all observer

environment data untLl narrow study corridors have been designated.

CfEP CANOPy

DOU54f CANOPY

1. Prim~ar

Air photo interpretation with subsequent field analysis is the most

accurate means of establishing comprehensive, area wide observer environ-

ment conditions. The range of potential diversity is illustrated in

Figure 3la Kunit and Calhoun, 1973, p.llO! and Figure 3lb  Hornbeck and

Okerlund, l973!. Vegetative conditions are temporal, thus often neces-

sitating seasonal  foliate and defoliate! checks  See also Section V!.

SJHf2LJ ~HOP!'

htiPj OHf EWE

2. ~Seeoadar

S!NQQ ~GOOPY

analysi s
Fi uvre 31a: Observer Fnvi ron@ant

Condi ti ons.

39

U.S.G.S. topographic maps �" = 2000'! are generally unsuitable for

accurately establishing local observer-environment conditions. The

complexity of local sites including new structures, road signs, individual

trees, roadside hedges and walls is not included on these maps, As they

become available, new orthophoto maps should provide an excellent base for



Impact
Background Foreground

Foreground Background

3

40

Complexity of The Visual Field

High Complexity
Many and diverse elements widely
visible in the cone-of-vision template.

Medium Complexity
Some elements visible in the
cone-of-vision template.

i.ow Complexity
Few elements visible in the
cone-of-vision template.

No Complexity
Either completely open or
completely enclosed,

Complexity of The Visual Edge

Impact
High Complexity

Many types of edge and high
complexity of form.

Medium complexity
Some types of edge and some
complexity of form.

Low Complexity
Few types of edge and little
complexity of form

No Complexity
No visual edge or completely
enclosed.

Figure 315r Complexi f.ci of
Visual Fie ld

and Edge.



3, ~Teriiar

Some surface condition maps, such as New York's L.U,N.R., were

not directly developed for the interpretation of line-of-sight screen-

ing and filtering. Care should be taken in their use. Some non-

military research has been conducted on visual penetrations of forest

types  May and Knode, 1969! but in general, precise standards for

such Interpretation do not exist.

4. ~uarieInar

Due to the typically coarse grain of computer data bases  grid

cells 500 feet � 1 kilometer square!, precise viewer environment

screening/filtering information is generally not available. However,

programs such as EDAP  Landscapes Limited, 1973! and OCTV[KW

 Steinitz, 1978! can identify the "potential" for such screening.

 See Chapter VI.! This potential, if important, could then be

clarified using a primary or secondary method.
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A. INTRODUCTION

A variety of approaches is avail. able for viewshed mapping and

development of perspectives. The analyst mrrst frequently select a

related set of methods that most efficiently produce the desired

product. Approaches can be grouped into three categories. 'Direct-

field analysis, Physical Analogs � map and photo analysis, and Digital

Analogs.

Field analysis approaches utilize actual lines-of-sight, either

from selected viewer positions into the landscape, or from a proposed

facility location back to potential viewer locations. Air photo and

topography methods include intuitive interpretation, topographic

cross sections, and three dimensional models. Numerical techniques

utilize computer programs to develop interpreted visibility maps and

perspective plots of landscape scenes.

Due to the inherent differences between "stationary" and moving

visibility, the Latter will be dealt with in Section V.
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B. DIRECT

PtA N

05SFA V~
SEC,T tOQ

Cache Creek La ndsca pe Control Point

Frerd Prot ~ vrrwrr Plor ~ Section Ptor

Mtcrs1 2 cohlOllf IFIICI'Val c oo

1'i qurc. 32 r F'ir 1d htappi rid Jlr:cur, o rj.
such as timber harvest outlines, proposed r ooling towers, and aricro-wave

ar'r t ennea ~  <ee l' igrrre 3 3,!  tl . 5 l'ores I lard ir e l 972 ti B i r

A field observer can record limhts of visibility directly in the

landscape by means of physical signs  flags, etc.!. An alternative is

to record the view in the field directly onto a map. Litton's compara-

tive work clearly points out the potential inaccuracies inherent in

establishing the actual location of view limits. In his study observers

tended to map viewsheds to the highpoint of the interposing landforms,

not the military crest, thus overestimating visible areas  see Figure 32!

 Litton, 1973, p.L1!, A detailed field study in the Lake Ontario

coastal zone revealed mid and background locational accuracy problems in

low relief terrain  Fellman, 1979!. Extensive fie1d testing in the

Netherlands, established that field mapping accrrracy was limited to a

distance zone of 500 � 1200 meters within which "space defining eleraents"

 surface, small landforms! can be perceived in stereo  Vander Ham and

lding, 1971! .

Innovative applications of field methods have replaced manual records

with film media thus permitting subsequent interpretation at another

location. Balloons, heIicopters, scaffolds and other techniques have

also been used to simulate full scale views to and from proposed facilities,
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system



C. PHYSICAL ANALOGS

Fiqure 34: Prajna ctile Tra jectartg.

...to arrange, plan and profile  section! of a fort so
that their lines should be protected from...fire"

-Oxford Universal Dictionary

A cross section is a graphic depiction of the vertical and hori-

zontal relationships of a three dimensional form which occurs along a

preselected "cutting plane". For maximum clarity, sections are drawn

as viewed perpendicular to the cutting plane.  See Figure 35.!

The French military use of cross sections has a direct analogy to

viewshed construction with viewer positions and straight lines-of-sight

replacing artillery placements and projectile trajectories. The concept

of "military crest" describes positions that provide optimal observation

and gun p3scements to command adjacent valleys  Figures 36!  Greitzer,

i944! . These occur on hillsides where a steep slope tapers to a

pe TIOy 4- A'

Fi pure 35: Plan/Sec;ti on.

F'i qure .36: Hi li tarp Crest.

With the advent of accurate topographic maps, a wide variety of

offsi.te interpretation techniques have been developed to delineate

viewsheds. The origin of modern visibility analyses can be associated

with the French military engineering development of cross sections to

ascertain the spatial extent of protection from projectiles that is

provided by a fortification.  See Figure 34.! The term "defiled" means:



terrace or crown. In domestic applications such sites are often choice

locations for land use activities to make use of a panoramic vista such

as residential buildings and roadside rest areas.  See Figure 37!  Hough

Stansbury!,

A basic training text used in World War II illustrates the analysis

steps: topographic plan view, construction of cross sections, location

of view limits on sections, transferring of limi.ts to cutting planes

in plan view, and interpretive outlining of viewshed. Note, the cross

sectIon method Includes all possible sight � lines in the vertical cutting

plane. Exaggeration of vertical scale,  often up to 10X the horizontal!,

does not distort the line-of-sight analyses, and is frequently used to

enhance the visual interpretation  see Figure 38 a,b,c,!  Greitzer, 1944,

p. 112! .

When conducting a cross section analysis a primary concern is how

many sections are necessary. This decision will determine the number of

points that are ultimately connected to delineate the viewshed. A

standard approach utilizes sections every 10 for the entire 360 potential

view cone  Greitzer, 1944!. Other project studies have been conducted

with even 5 , 7 ~ , 15 , 30 and 45 spacing. An alternative is for the

trained analyst to individually select cross section locations based on

Figure 37: Scenic Overlook .
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Figure 38a,h,c. Viewshed from Sections.
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Y2

X,

H will only be visible if the slope  tangent a=- ! of the sight line isY
X Fir7ure 39r Simi lar. Trianqles.

positively increasing, that is the ratio of

Y2 Yl
XP XI

or a2 � al ! 0

a review of terrain features  Litton, 1973, p.13!. This approach

appears to provide reasonable accuracy along wi.th potential reduction

of effort, as based on N.Y. Sea Grant test studies  Felleman, 1979!.

Line-of-sight cross sections may be adapted to incorporate all

elements of the visibility model, including viewer environment, atmosphere,

and surface features. This typically entails supplementary data in addi-

tion to that normally contained on topographic maps. For exampl.e, a field

or air photo check of forest height could be used to interpret vegetative

mass in the midground cross section,

Detailed cross sections may be subsequently used to construct three

dimensional, and block diagram views of the landscape. These are very

useful in scenery content evaluation.

If only potential topographic viewsheds are required, the work in-

volved in constructing generalized sections can often be reduced through

the simplifying trigonometric principle of similar"  proportional!

triangles. This method exarrrines only the critical limiting line � of-

sight in a vertical cutting plane. In the accompanying figure 39, hill



Using this relationship, approximate locus points at the

boundary of a viewshed may be rapidly plotted. The U.S. Army

used this technique in World War I, both as an algebraic relation-

ship, and as an analog model  "rubberband" proportions!.  Pearson,

p. 62!. Graphical proportions, plotted directly on the

topo base map were recently used in a major power plant study

 Battelle, 1974! . This approach can also be

developed into an analog calibrated mechanical jig which is

applied to the topographic base.

2. To o ra hic Models

Scale Nodels have long served analysts as a means for visrraliz-

ing three dimensional environments. Hy cutting layers of material

cardboard, etc....! for each contour, a simple terrain model may be

constructed. Vertical exaggeration can enhance visibility analysis

as shown in Figure 40  Salisbury, 1975!. Nore elaborate sculptural

techniques are available. Two general methods of simulating sight

lines are used: a point light source at the observer or object

position s!, and direct viewing of the model ttrrough a model scope.

Using a point light source, the bright area delineation is

marruall y transcribed to a topographic baserrrap, A photograph may be

~ :froh  4 -4' rrOrrlt. jCWE ~ r ' ro'-d' EX>6.= rrr
vKRT, schLE r"-rc -o"

t<AO =2'5Ecfrod p-A'
vf QT $cnLc r"z g - 0'

Fi gur~ 40: Topographic Pfo<lol



made of the illuminated model  see Figure 41!. Theoretical.ly it

would also be possible to coat the model with a light sensitive

emulsion and permanently record the visible area s!.

A second approach is the use of a "model scope," a special mag-

nifying periscope which allows the observer  or a camera! to view

the model "approximately" as a site visit would permit, A probe is

moved through the model tracing t1re limits of view. Recording of

viewshed limits can be done on the model, on an adjacent topographic

map, or by photographs taken through the model scope  see Figure 42!.

N.Y. Sea Grant research demonstrated that both techniques give

quite acceptable results in complex terrain  Felleman, 1979!,

One of the most elaborate model simulation studies undertaken

has been conducted at the University of California-Berkeley. In

addition to topographv this model includes scale vegetation, buildings

and street furniture. A computer controlled model scope camera is used

to simulate movies of auto trips throughout the study area. Psychological

tests based on field movies have yielded similar viewer reaction/

results to the simulated trips  Appl.eyard, et al., l973!.

Figure 41. Illumi rrated Nodal.

3. Air Phoros

utero air photos can he marrual ly irrterpzeted to define landform

su r f ace cover and !..!rn tours  a! r h!!uglr opt l c a 1 n!� au l r!ma t c d mean.", a r c
F!.!ruz n g 7 . HOJGI SOOpo P.rr~to



usually used to photogrametrically produce accurate maps!,

Stereo interpretation is an efficient means of locating scenic

vista points  military crest type locations in rugged, and/or

unmapped terrain. However, adapting the "floating dot" technique,

used to establish contours on a horizontal plane to assess lines-

of-sight which are usually at a vertical angle is a complex »nder-

taking. Researchers conducting a forest road study concluded'.

To determine whether or not impacts could be seen
f rom a roadway, a "floating line" technique  same
principle as the "floating dot" technique described
in most elementary aerial photogrammetry texts! was
tried an stereo paired photographs...this was found
too time consuming...especially when the floating
stereo line crosses more than one stereo pair  Potter
and Wagar ! .

Analysts did find that this approach was useful in "checking"

local viewer environment with 1:24,000 scale photos, and in large

scale preliminary mapping with 1:250,000 scale imagery for their

study area in the Pacific Northwest.

4. ~ine ection

Often in the initial stage of viewshed mapping, it is necessary

to roughly estimate the potential viewshed in order to efficiently

select and utilize viewer positions and alternative line-of-sight

techniques. Lt is common for a trained professional or technician to



use stereo photos and topo maps in an informal manner to rapidly develop

an approximate viewshed map and identify locations where a more detailed

approach is needed

D. DIGITAL ANALOGS

With the recent advent of readily available computer hardware and

software, many rapid developments are taking place in the area of digital

terrain models, of which visibility is one topical area  American Society

of Photogrammetry, 1978! . The following is a brief highli ghting of the

basic concepts of automated simulation.

A widely diverse group of problem solvers are concerned with utili.z-

ing computer analyses of three dimensional forms. For example, space

scientists simulate complex rocket and satellite docking maneuvers,

highway designers "test drive" a proposed road to check for unsafe

visibility conditions, while architectural engineers design complex

structural framing systems.

As described above  II Data Assembly-Landform guarternary!, many

digital line-of-sight programs utilize a matrix of elevations. These

programs are generally known as "hidden line" algorithms  Newman,

Sproull, 1973, Ch.lk!.



Fi pure 43: Intermedi ate Si gl>tlinc
Points.

size Note there Is an inverse relationship between pjan view and

perspective area in view cone distance zones  see Figure 44!  Landscape

53

Generalizing, these programs efficiently compute, compare and store

results of the visibility proportion  see Figure 39! between a designated

viewer  or object! position and all "relevant" terrain grid points. In

a large data base, the number of calculations and store requirements are

significant enough to effect cost and hardware storage capabilities,

particularly for mini or micro computers.

One aspect of this problem, sight lines without intermediate points,

is illustrated in Figure 43. A rigorous solution would entail interpolat-

ing between l! and F. to find elevation X, and then using the sight line

proportion to ascertain the visibility of H.

Numerous linear programming approaches have been developed to

efficiently "scan" the terrain, and sequence the equations and temporary

storage  Travis, et al., 1975; Tucker, 1976; Steinitz, 1978; Tomlin, l978! .

Of particular interest are the questions of critical sight lines, and

maximum view distances.

The programs are typically only capable of analyzing cells, thus

the maximum density of analytical coverage is a function of the cell



EFFECTS OF DISTANCE

Far distance
10x view area

Far distance
50r- Land area

Hfiddfe distance
40 ftview area

Middle distance
40". Land area

hw eor ound
SO%view ares
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Apparent land area is reduced due to perspective.
Tone valve and textere are ~ Iso redtrced with the effect of distance
The distant view is therefore lese prominent

Actual lend area on plan
Views recorded on~en and seen in ~ive

Figure 44: Effects of Distance.

Evaluation Research project, l976!.

One interesting approach to reducing computations is to limit

sight line directions by selectively eliminating intermediate points-

such as nXn illustrated in Figure 45. This approach includes all

cells adjacent to the viewer posi.tion, and a "sample" whose user-

selected density decreases as distance increase~  see Figure 45!

 Steinltz and Paulson, l975, p.184!.





2. Si ht Distance

A common method  both computer and manual! of limiting analysis

is to place a maximum effective length on sight lines. TI!is decision

can either be based on the length of views that typically occur in a

landscape, or the threshold cognition distance associated with a

project scale.

In low relief or high local enclosure environments the potential

for distance views is slight. Dutch  Vander Ham and Iding, 1971! and

British studies indicated that many analyses could take place within a

1 kilometer cell  see Figure 46!  Landscape Fvaluation Research Project,

1976, p.84!.
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Transmission line studies, both manual and computer, have related

structure size to significant view distance. In the Adirondacks a

hierarchy of roadway distance zones was established  see Figure 47!  BHI,

1975, p. 30!. In a low relief prairie landscape, view searches were

limited to adjacent 1/4 km cells  Landscapes Limited, 1973!; while

in the northwest a maximum of 6 � 10 miles has been used  Jones and Jones,

1976, p.84! .

Figure 47. Roadway Distance Zones,
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Impact reports have rel.ated the angular size of proposed objects in

the visible f ield to minimum cognition  and impact! levels, thus establish-

0
ing maximum analysis distances. In a land-based study, 10 was used for

both horizontal and vertical viewing angles  see Figure 48!  Steinitz, Rogers

0
Assocs., 1977, p.218!. For a pioneering water-based study, 10 was used

0for a horizontal threshold and 5 for a vertical threshold  see Figure

49!  Roy Nann Assocs., Inc., July, 1975b, p.294!. This latter approach

is consistent with psychological studies which have shown our increased

perceptual sensitivity to vertical objects placed in horizontal fields.
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Figure 50. PREVCFhl 7'errai n Plot.

3. Lines and Surfaces

Computer graphic systems can process points, lines, and areas. The

above described search and comparison method results in the identifica-

tion of visible or non-visible points. Three dimensional warped grid

drawings, such as shown in Figure 50, incorporate a hidden line algorithm

where each pair of adjacent points is checked. In the PRE'VIFW output



three conditions are processed: both points visible-plot line, one point

visible-plot 1/3 of line from visible point, both points hidden � no plot

 Myklestad and Wagar, 1975!.

A more comprehensive approach than lines is surface facets. The

widely used Ij'IKWIT program associates a single elevation for each

input grid cell. A wide range of internally generated  pentenary!

data can be developed including slope, and aspect. These are computed

by "fitting" a plane through the eight adjacent cells  see Figure 51!

 Travis, et al., 1975, p.l2!.

The "Z angle" subroutine enables the user to specify a minimum

vertical angle with horizon "below which it is assumed the observer

cannot see"  Travis, et al., l975, p.l0!. Using the "ASPECT WEIGHTING"

subroutine analysts can differentiate 10 different ranges of cell aspect

relative to observer position based on visible size area of seen surface.

This technique is particularly significant in identifying visible" areas

with low surface content Information  see Figure 52!  Travis, et al,

1975, p. 16! .

Figure 5l: Slope Fitting.

g8LL A

Figure 5 2: Relative As pec t .
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A. VIEW GONE

The "view cone" concept states that as speed increases:

1. The focal point moves away from the viewer; and

2. The effective cone nf detailed vision narrows.

This is shown in Figure 53  U.h. Forest Service, 1972, p.t12!

Fi qur o 53: Dri vcr View Con~s.

In reality, all viewing is done by a moving sensory system as we

constantly scan the environment with our eyes. Head and body activity

increases the complexity of analyzing actual viewer behavior. It is

generally accepted that pedestrian activities can be approximated by

one or a set of stationary view points with a 360 viewing potential.

At the other extreme, years of driver behavior research has established

that viewing is limited and focused for drivers at moderate and high

speeds. Additional research remains to be done before we fully under-

stand viewing phenomena at slow speed such as bicycles, urban traffic,

boats, as well as for vehicular passengers at high speeds.



Each of the stationary line � of � sight methods discussed in Section

IV is applicable to the analysis of movement paths. A basic study design

decision is to either approximate a continuous experience by means of a

series of stationary points, or to attempt to directly assess a

"continuous" experience.  See Figure 30.! Often a combination is de-

sirable.

Theories of spacing can be related to types of scenery, overlapping

views, and speed of viewer. A study on Cape Cod incorporated stationary

positions every 0.25 miles  Hornbeck and Okerlund, 1973!. A manually

conducted scenic river study used cross sections every 0.1 mile  Pitz,

1977, p.84!, while a computer based river study used 450 points in 149

miles of river at ma!or changes of river direction and side valley slope

and at intermediate locations  VanDyke, 1978, p.l3!, A northwestern

forest road study utilized evenly spaced points 0.2 miles apart. In

testing a field photography technique with four photographs �7 ! approxi-

0
mating a 360 panorama, they computed that 1.4 acres were not "observed"

between any two points  Potter and Wagar!, The pho tos were

interpreted in the office to establish the viewshed on a topographic

base.
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Views from the road are critical in the "Landscape Control Point"

method  Litton, 1973! . These were preselected at uneven intervals. As

input to a scenic quality analysis for Jamaica Bay, random numbers were

used to select viewing locations and directions along routes in a water-

front study area. The resultant' views were "representations" of the

auto experience  Viohl, 1977, p.46!.

In the Hornbeck study noted above, a weighted cone-of-vision

template was used to identify the driver's central focal area  Hornbeck,

1973, p.ll5!. The template, reproduced in Figure 54, is placed at

preselected analysis points on the centerline and the view cone is

transferred to a base map. This is repeated for both directions of

travel. A stationary line-of � sight technique such as cross sections may

be applied within the view cone area.

Computer techniques such as VIKWIT can generate a composite "number of

times seen" map which depicts the cumulative viewsheds from a series of

points selected along a route. The cone of vision and maximum sight line

distance may be specified for each point.  See Figure 55!  Travis, et al.,

1975, p.29. !

Fi gure 54: 6'eighted View Cone.
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B. CONTINUOUS ANALYSIS

A standard approach for establishing "view from the road" is to

field record on a base map while driving the desi.gnated routes. A

comprehensive procedure for this method, developed in the Sea Grant

research is shown in Figure 56. Office preparation included enhancement

of base maps, development of a set of symbols to be used in the field,

and the Hornbeck view cone technique  see Figure 31!, applied continuously.

Each road was driven three times by a two-person team  driver and recorder!

The first time was for orientation  exact observer location is a difficult

problem! and to check the preliminary view cone viewshed. Then the route

was driven once in each direction at a moderate speed, approximately 2/3

the posted speed limit. The recorder plots view focused on near shoulder

 note; this gives a slightly wider view cone than from driver position!.

Where deciduous vegetation was a significant viewer environment and mid-

ground feature, the field work was repeated for foliate and defoliate

seasonal conditions.  note: a 1" = 1000' base map scale was found to be

more suitable than 1" ~ 2000' U.S.G.S. maps!. Limits of views were

plotted for fore and midground. Where background views occurred, topo-

graphic cross sections were used to delirrate visibility limits,



Fi guerre > ~. Cond r'nUous Road View hfctr:odol ogre.



A variation on this approach would be to video record the trips

and then analyze their content. Dtate highway departments are developing

photo logs of their entire system for management programs  see Figure 57!

 Kunit and Calhoun, 1975, p,81!. Other continuous methods include model

simulations using motor driven model scope cameras  Appleyard, et al.,

1973!; and computer based animation. The latter are of growing importance

in highway safety design.

Examples of visibility from moving positions are shown in Figures

58  Litton, 1968, p.51! and 59  Wirth, 1976, p.SVII-12! and Appendix A.
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A, INTRODUCTION

Visibility analyses are undertaken to provide information for subse-

quent incorporation in other studies such as planning and design. A

wide variety of visibility outputs may be developed, with the great

majority being planview or perspective format. Each line-of-sight

approach leads to unique output formats.

B. DIRECT

1. Plan View

Plan view visibility may be fi.eld estimated and sketched directly

on a topographic map or air photo. This is particularly effective for

small sites  see Figures 60,61!  Steinitz Rogers Assoc., 1977, p.4.8,

4.9!. In some cases, no map  plan! record is necessary. Examples

of the latter include the staking of a building site with a commanding

view or the marking of trees to be cleared a]ong a iorested 92akesidc

edge to estab> ish water views.
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Field perspectives, including both drawings and photographs, have

been used both as general illustrations and as an integral part of

the analysis process. Selection of viewer position, and view direction

is critical. Photographic alternatives, such as lens  normal, wide-

angle, telephoto! and film have a direct bearing on results. Photographs

to be used in measured content analyses are often black and white {Brush

and Shafer, l975, 8"xl0"!, while for viewer response testing, frequently

color prints  Zube, Pitt and Anderson, 1974, p.3-33 mm lens-5"x7" prints!

or color slides  Jones and Jones, 1976, p.79-Nikkon 50mm 1:1.4 lens! are used.

Since cone of vision is a research variable, particularly for

stationary viewing, many studies incorporate panoramas. Sketch panoramas

can be efficiently deveLoped with traditional military field techniques

 see Figure 62! {Pearson, p.20L!.
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Figure 62: Field Sketch
Panorama.

76

Photographic panoramas are made with a special tripod head which

maintains a horizontal camera while controlling view direction and frame

overlap for splicing  see Figure 63!  Gollub, 1976, p.181!. A southern

New England Study comparatively tested single wideangle 5"x7" photographs

�5 cone of vision!, and a spliced mosaic of three "normal" lens photos

taken at 36 spacing which resulted in a 5"x14" product encompassing 122

of vision cone  Zube, Pitt and Anderson, 1974, p.23!  See also Section

V-View Cone!.





The most extreme control in photography is required in methods

utilizing before" and "after" photographs requiring the precise

location of complex proposed forms in the landscape. Tests for the

MOSAIC system were done with a 24"x24," format camera with prints

 black and white! enlarged to 45"x30"  Aerospace Corp., 1976, p.4-1!

C. PHYSICAL ANALOGS

l. Ma s and Photos

a. Plan View

Plan view maps of viewsheds are the most common form of output.

The maps may be either independent illustrations or integrated into

a larger graphical analysis system. Nap features can either be point,

linear or aerial. Points include the location of viewer  or object!

positions, such as vista points, project sites, and photograph origins.

Linear viewshed features may include travel paths, symbols

representing local observer environment screening and enclosure conditions,

and vectors representing distant view orientations  see Figure 58 and 64!

Jones and Jones, 1977! .

Aerial map elements show the geographic extent of visible and

hidden surfaces. Viewshed borders are typically represented as "hard

edge", al though there are many acc«racv i ss«es at the fringe of
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Source
Department Of Community
!7eve lopment, Seat tie
Urban Desi n Re rt:
Determinants of Cit
F'orm, volume 1  Seattle
1 o71!, p. 31.

Hethoff of Depicting Vistas at a Pfetropolitan Scale

Figure 64: View Orientation Vectors.

visibility zone and some edges may in reality be "grey zones",  Felleman,

1979! .

In addition to two basic aerial sets, visible and hidden, a wide

variety of quantitative and qualitative visibility information can be

mapped in relation to overlapping views  tin!c s seen!  see Figurc 65!

 Jones and Jones, 1977, p.77!, observer type and numbers and dlstancc.



Figure 65. Overlapping Viewsheds.

Assignments of relative importance to observers can lead to graphic

spatial differentiation between observer positions. Division of maximum

visibility exLent into intermediate distance zones can also provide Ll<e

logical basis for map variety  see Figure 66!  U.S, forest Service, 1974, p.43!
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A common analysis tool for planning, siting, and impact evaluation

is the graphic overlay technique. Although visibility maps can be directly

integrated into a comprehensive analysis, more typically they are com-

bined with descriptive landscape scenery maps to generate a visual quality

composite map which is then integrated with other resource information

 see Figure 67! . In either case, it is important to limit the number of

graphic tones  or colors! in order to clarify subsequent visual inter-

pretation of the composite overlays.
Fi euro 6 7: Over la y Analysis

Happi ng



Although graphically possible, the development of

accurate perspectives from topographic maps for large,

complex landscapes is not a common technique. As a

simplified proxy, many studies incorporate vertical

cross sections to illustrate line-of-site, vertical

scale, and landscape character relationships  see

Figure 68!  Colorado Dept. of Highways, 1978! .

Approximate perspectives can however be readily drawn

for simple ob]ects or patterns in the landscape

 see Figure 69!  U.S. Forest Service, 1972, pps. 92,

3!.

1-70

Viewshed Cross-section, Sequence RSe, Map 4 Verticai Exageration 2:0

I'i fuze 68: Lliustzati ve Perspecti ve and Section.



Fi <pure 69: Orthoyzaphio Projection.



2, Models

a. Plan View

b.

1979! .

D. NUMERICAL TECHNIQUES

a. Plan View

"W W ~ III
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Plan view viewshed maps can be developed directly from a model

scope or point light source  Felleman, 1979!.

Ordinary cameras can be used to take "birdseye" views of models.

Model scope photography can generate "simulated" views. "Fisheye" or

macro lenses may distort the resultant image  see Figure 42!  Felleman,

A primary product of a digital line of sight analysis is a

numerical matrix indicating the visibility of data cells or points.

This matrix can be internally stored and combined directly with other

data base factors or outputted through a variety of devices.

High speed printers can list the tabular cell information, and

generate spatial maps. The latter can have direct numerical signifi-

cance such as "times seen"  see Figure 55!, or can incorporate

symbol types and overprinting to create a tonal hierarchy of inter-

pretive content  see Figure 70!.

l zgvre 70: Hzghspeed l'ranter 'l'one.t Hap.



Line platters, electrostatic prints, and cathode ray tubes are

increasingly used to generate high visual content planimetric informa-

tion  see Figure 71! .

b.

Computer graphics is becoming the key tool in creating landscape

perspectives due to the ability to quickly and ef f iciently process

large data bases. Common techniques use a plotting device to draft a
Figure 71: Line Platter Visual Map.

three dimensional surface of the hidden line perspective grid  see

Figure 50!. Variations include graphically increasing the grid density,

adding diagonals to the cell surface  see Figure 72! MOSAIC!, and

supressing one grid direction.

Fi gure 72 Grid Persp acti ve vi th I~i ag<.uai
enhancement.
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In addition to the grid cell plot systems, techniques are

available to create surface sections perpendicular to the central line of

sight, which maximizes contrast  see Figure 73!  Environmental Systems

Research Institute!, to draw contours of facets in perspective, and to

develop stereo pairs  black and white or red and green!  American

Society of Photogrammetry, 1978!. The. introduction of surface features

in the perspective can be on a cell by cell character basis  see

Figure 74!  Myklestad and Wagar, 1975!; by locating typical structures

 see Figure 75!  Aerospace Corp., 1977, p.6!; or by plotting a

complex project form  see Figure 76!  Penzien, et al., 1978, p.6!.

A new generation. of programs, scaled down to run on "mini" or

"micro" computers can now solve the object-shape problem shown in

Figure 69  See Figure 77!  Nickerson, 1979, p.l5! .

CONPOSITES

Artist renderings have long played a role in visualizing proposed

projects. A serious limitation has been the issue of accuracy vs.

artistic license. Through the combination of field photography, artistic
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techniques, models and computer graphics, stationary  photo montage!  see

Figure 78!  Aerospace Corp., 1977, p. 3! and dynamic  film! simulations

are becoming a primary analysis and communication/education tool.

A powerful method for communicating general spatial and character

arrangements is the "birdseye" perspective. These may combine a variety

of techniques  see Figure 79!  Penzien, et al., 1978, p.36!,  see

Figure 80!   U.S. N.R.C., 1977!.



g par-
ticular subdivision design can be simulated
by Views.

4t T ER G R 4 DIN ' Fi qure 73; Hidden Line Section Perspecti ve Per pincfi euler
to Line-of-Sight.
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Figure 74: PREVIEW Surface
Feature Plot.
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COMPUTER GENERATEO FIGURES

Tipple TowerTank

WindmillsStack

Power Line TowerCabins

Figure 75: Computer Generated Structures.



I'i gure 76: Hi ghway perspecti ve.

Figure 77. Outline Perspective.
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TERRAIN REGISTRATION VERIFICATION

FUEL BREAK

Computer Generated Graphics.

Artist Enhanced Photomontage oI a Fuei Break.

Figure 78: Fuei Hreak Computer Montnqe.
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Figure 79: Highway Computer Portage.



Fi pure 80: 8irdseye Pro7'eel Celi Visibility.
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Landscape visibility analysis is a growing field, both in terms

of social importance and available methodologies. The complexity of

the problem, requires careful systems planning in order to optimize

the output quality of limited study resources.

A three-tiered hierarchy of related analysis sub � systems can

be identified: visibility; scenery; and resource planning, design and

impacts  see Figure 67!. The design of the visibility study should be

internally consistent. Explicit coordination is needed between data

types and viewshed delineation processes. This is especially true

where multiple combinations of data types and processes are to be

synthesized.

The visibility output should be compatible with the scenery assess-

ment method. Transparent overlays, computer data bases and viewer

response photographs all have unique format requirements. Many st«dies

incorporate a variety of approaches. For example, high visibilitv



 from graphic overlays! may be a criteria for selecting areas for

a design alternatives study  computer graphics! that will utilize citizen

participation  photo preference!. Each interface requires careful

prearticulation.

Because scenery assessment is often combined with other study

elements  social and natural!, coordination is often necessary

with multiple disciplines. At this level, both data and methods

selection are critical. To illustrate, in computer based studies,

selection of grid cell size, and surface cover types, must judiciously

meet all users needs. A tax base, or watershed hydrology analysis would

have model requirements which differ from a visibility study. Dates of

photography, base mapping, and field work all can be important shared

decisions.

One area that requires further research is the statistical accuracy

of visibility  Felleman, 1979!. In the New York Sea Grant test sike,

each visibility method gave different results  see Figure 81!. With the

emphasis given to quantification in impact analyses, measurements have

been applied to various components of the visibility subsystem such as

viewer contact, viewshed area, and visual frequency  "times seen"!. Many
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Fzgvre 81 8 Y' Sea Grant Visibilit Ti i g Test Composi te Maps.

Quarternary



studies have used numerical matrices and formulas to develop a

geographic hierarchy of visibility importance zones.

As discussed above, inherent in the data types and viewshed

processes are accuracy limits. A fundamental question becomes what

statistical range of reliability can be associated with any visi-

bility study. Applied research on this issue may improve both the

quality of the products, the effective allocation of critical study

resources, and the increased public acceptance of scenery analyses.
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