A Proposed Biophysical Approach
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Abstract: In British Columbia, visual analysis is in
its formative stages and has only recently been accepted by
Government as a resource component, notably within the
Resource Analysis Branch, Ministry of Environment. Visual

absorption capability (VAC),

is an integral factor in visual

resource assessment. VAC is examined by the author in the
degree to which it relates to interdisciplinary biophysical
assessments presently carried out by the Branch. Such
assessments encompass the disciplines of soils, surficial

geology, aquatics, vegetation,

wildlife, outdoor recreation

and climate. A conceptual framework for developing a
proposed system of applying these data to an overall mapping
system for visual absorption capability in the Province is
set forth and a sample case study selected for pilot study

purposes.

INTRODUCTION

This paper concerns itself with the
development of a proposed methodology for
developing visual absorption capability
assessments, using the biophysical land
classification system as presently carried
out within the Resource Analysis Branch in
British Columbia. Current biophysical termi-
nology is briefly examined, followed by VAC
terminology and design factors. Relation-
ships existing between the two are then
explored. A proposed system of application,
using an interdisciplinary team approach in
relating biophysical ratings to the VAC
assessment, is set forth. A case study is
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then hypothesized. This is followed by a
summary of how the system could be applied in
British Columbia as the Province moves
towards a greater recognition of the visual
resource as needful of evaluation, not only
in the preliminary mapping stages, but the
degree to which it must be considered at any
final environmental impact level.

BIOPHYSICAL LAND CLASSIFICATION AND
THE RESOURCE ANALYSIS BRANCH

The biophysical classification program
is a building block process that encourages
the integration of physical and biological
data (landforms, surficial materials, soils,
climate, vegetation and organisms) to form
"ecologically significant" units of the land-
scape. The process involves the delineation
of various terrain, aquatics and climatic
phenomena, each of which is an end point for
the appropriate discipline, but, when com-
bined, provides the basis of the biophysical
map unit (Smith 1969).



Biophysical mapping is initially based
on air-photo interpretation where visually
different units of land are identified and
differentiated. These landscapes, due to
differences in landform and vegetation
pattern (texture, in visual terms) are the
basis for depicting biophysical units. As
such, biophysical units are also significant
to visual management, since visually signifi-
cant features and biophysically significant
characteristics are often similar.

Biophysical inventories within the
Branch are generally conducted at a recon-
naissance level (1:50 000 base) with more
detailed inventories carried out only where
high values for more than one resource
prevail or when intensive management is
justified. This scale appears to be suitable
for most VAC assessments as well.

The analysis of biophysical data can be
complex or simple; it can range from manual
overlay mapping, to sophisticated computer
technology. Similarly, visual absorption
capability data can be evaluated at any
degree of simplification or complexity
(Benson 1978) . Basic to the system are the
following components - all represented within
the Branch:

Subject Areas of Biophysical Base Maps

1. Climate 5. Vegetation and
2. Terrain Forest Cover
3. Soils & Topography 6. Wildlife

4. Aquatics

Within the above categories, numbers 2, 3,
and 5 are most applicable to VAC assessments,
although selected data may be drawn from
climate, aquatics and wildlife as well. This
will be demonstrated in the proposed classi-
fication system outlined later in this paper.

VISUAL ABSORPTION CAPABILITY

Visual absorption may be defined as the
physical capacity of a landscape to absorb
proposed development or management activities
and still maintain its inherent visual char-
acter and quality. Two of the most important
factors affecting the absorption capability
of a landscape are: 1) the degree of visual
penetration, i.e., the distance into the land-
scape you can see from a vantage point and
2) the complexity of the landscape. The
degree of visual penetration is affected both
by vegetation and topography (Anderson et al.
1977) . Landscape complexity refers to topo-
graphic extremes, vegetative diversity,
climatic variations and heterogeneous
regional characteristics - all prevalent in
British Columbia. The capability to accom-
modate management impacts (development,
logging, roads, transmission lines, etc.) and
still maintain visual quality standards
depends largely on biophysical factors.
Social and economic parameters enter the
scene at more subjective levels and involve
management decision highly dependent upon
inherent physical (biophysical) capacities of
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the land for the resolution of visual quality
objectives.

VAC Principles

Basic principles governing VAC analysis
can be summarized as follows:

1. All lands vary in their ability to absorb
modifications.

2. Areas near landscape focal points have
lower capabilities to absorb modifica-
tion.

3. The higher the complexity/diversity of
the landscape, the higher its wvisual
absorption capability.

4. Landscape edges, i.e., breaks between
forest and meadow, lakeshore etc., have
high VAC due to their diversity of
background, but low VAC due to their
propensity to become focal points.

5. Ridgetops are most likely to have low VAC
due to consequent scrutiny as focal
points, e.g., observer positiony is
generally "inferior" or lower. Lands
visible from a greater number of observa-
tion positions will have lower VAC.

6. Lands with the highest soil color
contrast have the lowest VAC since
development may expose soils by side
casting, stockpiling, etc.

7. VAC ratings should consider regional
topographic, geomorphic and climatic
parameters on a relative basis, i.e., VAC
ratings will vary between regions and
sub-regions.

8. Lands with geologic stability and good
growing conditions may have moderate to
low VAC if vegetation is lacking or
monotonous and uniform, but high VAC in
the long run due to good regeneration
rates and stable soil conditions.

9. Uniformly tall, dense stands of trees
have high VAC due to screening ability,
i.e., high VAC when in foreground but
lower VAC when in background.

*Observer Position: a term employed to
describe observer's relationship to this
visual objective within the landscape. Three
terms are used: observer inferior (viewer
below object), observer normal (viewer on
level with object), and observer superior
(viewer above object).
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Relationship Between Biophysical and VAC

Relationships existing between biophysi-
cal land classification outlined earlier and
VAC become apparent when physical factors
leading to VAC evaluations are specified.
Essentially these are:

Slope, vegetative pattern, color
and diversity, vegetative screening
ability, site recoverability, soil
color contrast, landscape diver-
sity, land stability, waterform
diversity and soil erodibility.

This paper will confine its objectives
to an analysis of biophysical factors, rather
than discussing social and economic factors
relative to visual absorption capability.
There are several good reasons for this.
First, biophysical factors are relatively
more constant over time than social and
economic considerations and thus lend them-
selves more readily to inventory and
analysis; and secondly, visual analysis is
often carried out in areas where social
factors arising out of proposed new develop-
ments are in a state of flux - political or
otherwise - and thus more difficult to assess
in the context of VAC. Public preferences
for landscape types may also change over
time.

The most generally accepted physical VAC
factor is slope, for as the slope of a seen
area increases, VAC decreases (Anderson et
al. 1977). Vegetation composition, screening
ability, color diversity and regeneration
rates are also extremely important, for as
they increase or become viable, VAC
increases. These determinants are readily
available from Resource Analysis Branch
biophysical maps.

Soil erodibility, soil color and soil
stability - data readily obtainable from most
soil reports - are also important factors
relative to VAC, since exposed cut banks,
overburden, side casting (man induced) and
naturally unstable or eroding slope faces may
contrast sharply in color and texture with
the surrounding natural landscape.

The Mapping Process

Let us now examine (1) relationships
existing between VAC and biophysical mapping
and (2) possible methods of incorporating VAC
evaluations with other disciplines in the



mapping process.

In addition to biophysical mapping as
outlined, the Resource Analysis Branch now
conducts recreation carrying capacity studies
(Block 1976) based principally on vegeta-
tion, soil, and surficial geology character-
istics and limitations. Of specific interest
to VAC are the identifications of major
limiting factors to recreation use based upon
soil texture, soil depth, drainage, flooding,
vegetation density, vegetation diversity and
sensitivity to development. Man-made
constraints are also categorized in the land-
scape. In fact, the recreation carrying
capacity classification is the most appro-
priate system utilized within the Branch for
"expanding" into VAC ratings and has been
selected for demonstration purposes as shown
in the hypothetical mapping example (fig. 5).

Prior to setting forth a proposed system
of VAC mapping based on biophysical factors,
I have developed an expansion of figure 1 as
follows:

Figure 2 Carnging Figure 1 one step furthen, the Visual Management
Flow Chart may be expanded in its biophysical and Vac sections.
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A PROPOSED SYSTEM OF VAC ASSESSMENT
BASED ON BIOPHYSICAL MAPPING CAPABILITIES

Having briefly examined the biophysical
approach as utilized by the Resource Analysis
Branch and its implications to VAC, the
following basic structure is proposed as a
beginning framework leading to VAC classifi-
cation. The system will, of course, require
considerable field testing, modification and
refinement, but the ingredients to its appli-
cation are readily available. Three major

phases would be involved:

1. assessment of the macro area by satellite
photo examination (and 1:250 000 mapping
if available) and 80 chain photos to
determine basic physiographic (regional)
characteristics,

2. development of guidelines for wvisual
assessment of each project on a regional
or sub-regional level based upon
homogeneity within the characteristic
landscape,

3. a collation, or "drawing from present or
past biophysical mapping carried out by
individual disciplines, thus leading to a
VAC rating system which could then be
checked by further air photo analysis and
field review.

Basic Assumptions

Although social and economic factors do
not come under detailed examination in this
paper, some evaluation of viewer response is
essential in the preliminary mapping phase.
Among the more significant of these are the
following assumptions.

At all times, the VAC biophysical
ratings should relate to and be conditioned
by the following:

1. that the mapped area is under constant or
periodic viewer involvement or will come
into view subsequent to a proposed
development impact (corridor alignment,
roads, hydro lines, mining, townsite
development, outdoor recreation use,
etc.).

2. That, i1f not seen at present (much of
British Columbia), the following baseline
concept should govern mapping priorities:
river basins or valley corridor bench-
lands are more likely to be utilized for
access and development than adjacent
uplands, ridgetops or areas of rugged
topography.

3. that visual impact of management activi-
ties usually increases as viewing
distance decreases and vice versa and
that areas seen from destination points
are generally of more concern than those
seen from access routes.

When development is actually proposed, viewer
position (superior, inferior or normal) will
be assessed prior to final VAC evaluation.
It is also important to point out that VAC
assessments prior to development can lead to
a more realistic route, corridor or develop-
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ment alternative, and are preferable
to "after the fact" assessments.

Governing Factors

Five primary factors govern VAC bio-
physical ratings: (1) slope, (2) vegetation
regeneration potential, (3) landscape
diversity, (4) soils erosion potential and
(5) soils and rock color contrast potential
(Vold 1979) . These are defined as follows:

1. Slope

4. Soil and Rock Color Contrasts
- low to high contrast with
characteristic landscape cover

5. Landscape Diversity

- vegetation density, diversity,
pattern and screening potential:
successional characteristics

- landform/land use diversity (slopes,
valleys, ridges, urban and rural
areas, etc.)

- waterform interest and diversity

- wvisual features of interest and/or

- slope stability
- slope: angle of repose

- slope as viewed from superior,

inferior, and normal viewer
positions

2. Soils
- erosion potential (leading
to exposure)

3. Vegetation
- regeneration potential - soil
fertility and macro climatic

significance

Utilizing the above five factors, the

following rating. system would govern all VAC
evaluations, i.e. VAC = S x (E+R+C+D) where S
= Slope, E = Soil Erosion, R = Vegetation
Regeneration Potential, C = Soil and Rock
Color Contrast Potential, and D = Landscape

Diversity.

A rating system would then be

established as follows (Table 1), where the higher

number carries the highest VAC.

factors
Table 1
Factor Conditions Rating
1. (S) Slope (dominant and 0 - 5 percent slope 5
determining factor)
6 - 15 percent slope 4
(This is a complex factor
i.e. a long slope on a 16 - 30 percent slope 3
mountainside has a more
cumulative impact than 31 - 60 percent slope 2
short, steep slopes in
rolling topography) > 60 percent slope 1
2. (E) Soil Erosion Potential Low Erosion Potential 3
Moderate Erosion Potential 2
High Erosion Potential 1
3. (R) Vegetation Regeneration High Regeneration 3
Potential (generally CLI Forest Capabilityy
Class 1-3)
Moderate Regeneration 2
Potential
(generally CLI Forest Capability
Class 3-4)
Low Regeneration Potential 1
(generally CLI Forest Capability
Class 5-7)
4/ . . . .
CLI - Canada Land Inventory, 1965-70. In forest biomes, vegetation potential is generally

related to forest productivity (capability).
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4. Soil and Rock Color Contrast

Low Contrast (e.g.. 2.5 or less 3
hue on Munsell Colour Chart)

Moderate Contrast (e.g., 5 hue 2
change)
High Contrast (e.g., greater than 1

5 hue change)

5. Land Use/Landscape Diversity High Diversity of vegetation 3
types; diverse and interesting
topography and attractive water
bodies
Moderate diversity (little variety 2

in vegetation or topography present)

Low Diversity (no significant 1
change in vegetation pattern or
topography present)

It becomes apparent that, since VAC
values can vary from a low of 1 x (1+1+1+1) =
4 to a high of 5 x (3+3+3+3) = 60, VAC
ratings can be assigned as follows:

Very Low VAC= 4-15 Complexed to "low"

Low VAC = 16 - 27 VAC: allows subjective
variation and room for
value judgements rela-
tive to specific
projects.

Moderate VAC= 28-40 "Moderate": no change

High VAC = 41 - 50 Complexed to "high"

Very High VAC=51-60 VAC: allows subjec-
tive variation and
room for value judge-
ments, as above

Example

A landscape area or unit on 16 - 30 pct.
slopes with a low erosion potential due to
coarse textured, but stable materials with
low regeneration potential due to soil
droughtiness, low color contrast due to
limited soil leaching and high landscape
diversity due to open, parkland conditions,
would carry a rating as follows: VAC = 3 x
(3+1+3+3) = 30, or a moderate VAC rating.

A Proposed System of Classifications

Carrying the VAC assessment into a
proposed class system incorporating the
previously stated assumptions and with
assigned biophysical ratings, I would propose

the following class definitions:
Class I (VAC biophysical rating of 51 - 60)

Areas which are gentle to moderate in
elevation, with diverse vegetation and stable
soil conditions, and capable of supporting
management activities with a minimum negative
affect on the visual quality of the land-
scape: low foreground, middle ground,
background impacts.

Class IT (VAC biophysical rating of 41 - 50)

Areas of rolling to ridgeline topography
with open to semi-open mixed and diverse
evergreen/deciduous vegetation capable of
supporting management activities with a
minimum amount of landscape alteration
(screening, site design, etc.) and having
stable soils and landform characteristics.

Class ITII (VAC biophysical rating of 28 - 40)

Areas of moderately interesting and
regionally typical landscape character,
interest and diversity with varied topography
restricted to slopes less than 15 percent
supporting diverse vegetation. However, the
topography and vegetative cover are reason-
ably difficult to manipulate in the interest
of the visual resource.

Class IV (VAC biophysical rating of 16 - 27)

Areas of pronounced topographic eminence
but lacking in diversity with slopes ranging
to 30 percent and vegetation characterized by
open deciduous, evergreen or shrub complexes.
Management activities would be seen regard-
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Figure 4 The proposed fdve class system as outlined would be
conditioned land clarifdied) by the folLlowing which
would indicate what VAC problems existed and at Limes
where and whether more mapping, design and analysis
might be needed.

1) | LANDFORM 5) | WATER FEATURES
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High Foreground Profile S Cutbank (stream) P
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Profile S Lack of edge
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Limited by scale W
related to

2) | LANDSCAPE DIVERSITY surrounding land-
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L
2 o [ron o |
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Excessive Rock & S0l CZ with variable topography and

Colour Contrast with uniform vegetation having Tow
Surroundings < N
K 3 regeneration rate through which

Poor drainage C : : . :
. . 4 a Hydro 1ine is passing and is
Excessive compaction C .
readily observed.

less of any mitigation measures adopted
during or following development.

Class V (VAC biophysical rating of 4 - 15)

Areas of extreme topographic variation
with uniform vegetation cover, or devoid of
such, offering little opportunity for match-
ing management activities with the character-
istic landscape; readily observed from access
routes and perhaps elsewhere; slopes in
excess of 35 percent, actively failing slopes
and/or very sensitive vegetation (Figure 3%*).

Under the proposed system, team effort
with specialists in biophysical mapping
components is essential, since some degree of
training in the direction of visual analysis
would enable them to view visual absorption
factors, both in the field and throughout the
mapping and interpretive phases. The "VAC"
overlay would have its own nomenclature, or
system of classes, either as a separate
interpretation for the visual analyst, or as
a component of the total biophysical package.

*See color illustration on page 389.

178

Summary of Proposed
Biophysical System of VAC Assessment

Step one: Determine mapping priorities i.e.,
where are VAC assessments needed relative to
impact proposals?

Step two: Conduct preliminary air satellite
and stereo pair examinations in determination
of landscape units (Tetlow and Sheppard

1977) .

Step three: Review basic assumptions and
predict viewer response.

Step four: Map slope, vegetation soil and
rock color contrasts and landscape diver-
sity. Assign appropriate ratings from 1 to 5
(slope) and 1 to 3 (all others).

Step five: Apply the formula VAC = S x
(E+R+C+D) and pre-map ratings on terrain unit
complexed polygons as noted in figure 4.

Step six: Field check ratings wherever
possible at a team level where soils, vegeta-
tion and aquatic specialists can verify
findings.

Step seven: Draft final mapping on appro-
priate base followed by technical edit check
by all disciplines involved.

BIOPHYSICAL VAC ASSESSMENT:
ITS OPERABILITY AND POTENTIAL

The biophysical approach to VAC as
outlined in this paper would be an applied
methodology to all land areas rather than
theoretical, preceded ideally by methodology
development in the broader field of visual
analysis. It is difficult to determine costs
of a project but they should be relatively
low in comparison to benefits gained, being
largely a matter of staff orientation and
some added field travel and interpretation
time.

The technology could be of great assis-
tance to British Columbia and elsewhere in
conducting visual corridor analysis, urban
suitability studies, joint research with
other agencies, forest harvesting, environ-
mental impact assessments, and highway, hydro
electric and other alignment studies before
visual impact takes place. The extent of
transferability should be virtually 100%
since it could be applied to a common land
base anywhere, providing of course, that an



assembly of biophysical data is readily
available. A very appreciable advantage of
the biophysical approach to VAC assessment is
that a relatively low cost reconnaissance
provides the basis for determining where
detailed work will be required in the design,
management, and implementation phases of any
proposed development management activity.
One can then apply development funds where
they are most effective and have a reasonable
idea in broad terms of funds needed for the
project.

Automated Cartography and VAC

The system of mapping as outlined lends
itself to automated cartographic techniques.
The data could be digitized separately or
incorporated with soils, recreation, or vege-
tation field data cards. Larger systems,
such as I.G.D.S.” could be used for inter-
active mapping and automated cartography
involving soils, vegetation, terrain, aqua-
tics, climate, etc., (for planning, manage-
ment, interpretation and derivative mapping) .

Mapping Examples: Other Systems

There are no examples of the above
proposed system of analyzing VAC factors
within British Columbia. However, certain
corridor studies have been conducted in the
United States, i.e., Smith River, U.S. Forest
Service, (U.S.D.A. Forest Service 1973)
where VAC overlays were made on separate
soils, vegetation, climate, and hydrology
interpretive bases. The recent Vail Pass
study (Colorado Department of Highways 1979)
is an excellent example of a team effort in
this direction, although specific study
methods were not outlined in that report.

CONCLUSIONS

Visual resource evaluation has only
recently come under serious investigation in
British Columbia, where a relatively low
population resides within an extensive land

5/Interactive Graphic Design System. The
Resource Analysis Branch will be moving
towards use of this system in 1979-80.

Figure § A hypothetical example of Recreation Carrying Capacity with
probable VAC natings based upon a prepared classification system
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32
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Timited by slopes {T) of 30-35° and Capacity lTimited only by soil
shallow soils (S°) with rock outcrops{R). drainage (S¥). Probable
Probable Tow VAC Class 55; moderate VAC Class ,¢°

¢ v
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base and management activities have usually
been favored for their economic returns more
than their aesthetic - and in this case -
visual content.

In 1975, the Resource Analysis Branch
initiated visual resource evaluation as an
additional component within its complex of
environmental disciplines. It is the inten-
tion of the Branch to integrate fully the
inventory of visual resources with its other
work. The methods for pursuing this are
outlined in this paper. Resource Analysis
Branch interdisciplinary teams now service
requests for technical mapping and interpre-
tations within such areas as urban suit-
ability, terrain assessments for corridor
development, climatic network services,
stream fish and aquatic capabilities, outdoor
recreation features and carrying capacity,
vegetation, wildlife biophysical mapping and
other related studies required by government
agencies faced with land allocation and dis-
position decision making. These studies are
supportive of the VAC evaluation and should
contribute greatly to its implementation.

The Resource Analysis Branch is in an

unique position to support an objective
approach to VAC analysis, i.e., biophysical
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data collected by disciplines on an inter-
active basis, within one administrative
complex and "under one roof" This is
supportive - in fact essential - to the
system of VAC mapping proposed in this
paper. Access to photos, air satellite
photography, instrumentation, (stereoscopes,
slides, projectors, digitizers, computers,
etc.) and mapping and report production
facilities is commonly shared by Branch
professionals. A great deal of inter-action
also prevails in seminars, workshops, and at
the level of informal dialogue.

Our task, in British Columbia at least,
is to develop a visual mapping methodology
that could be utilized by all resource
management agencies, consultants and the
academic community in conducting or communi-
cating visual resource assessments. Some
exploratory work has already been done in
this area, notably within the N.E. Coal Study
area (Tetlow, Sheppard 1975) where a
detailed Landscape Unit Analysis involving
visual vulnerability evolved. Later work by
Horner (1979) takes a more pragmatic look at
terrain and vegetation in biophysical terms
as they reveal VAC factors in the landscape.

The framework is here: biophysical
mapping carried out at a team level. What is
now needed is refinement of the mapping
concepts, initiating pilot study assignments
and continuing to solicit technical criticism
as the process evolves.
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