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Over the past twenty years or so the growing presence of industrial
development in the countryside has otten severely disrupted the visual
harmony of the landscape. Measures for develppment control and public
inquiry procedures may be initiated to debate visual and other key
issues regarding a proposed development. However, in the case of
visual assessment, such procedures often suffer from a lack of explicit
visual appraisal tools to determine the full extent of a develcpment
impact. Typically, this aspect of design is addressed by means of
three dimensional models or artists' impressions. Unfortunately,
these methods are viewed with a great deal of scepticism by public

and planning juries alike; they claim tfiat these manual processes are
highly prone to error and often incomplete in assessment.

This thesis presents a review of the visual intrusion problem, and
conducts a comparative evaluation of the manual and computer-based
techniques used in the solution of the problem. Computer-assisted
procedures for visual assessment are gaining increasing acceptance in.
architectural and planning practice, and this thesis describes a number
of such computer models currently in use. Subsequently, the thesis
lays out the backqground thecry and specification for a computer program
to quantify some of the visual characteristics of buildings for use in
visual impact studies. Finally a tentative framework for a computer-
aided approach to visual assessment is described with the objective of
providing a total capabi]ity in visual impact assessment.

In the main, the thesis is seen as playing a significant role in
bridging the gap between architectural practice and the expanding
repertoire of computer-based models for visual impact assessment.
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Land - a late 20th century resource

"To many of us in Britain our countryside is the most beautiful

in the world..... But the modern world is now destroying this
countryside inherited from the past: exploding the towns, swamping
the villages, tearing up the farmland and spattering the old har-
monious landscape with alien intrusions." (FAIR72) p.13

Both man and nature exert a strong influence on the physical shape
of our environment. The form of townscapes and landscapes may,
therefore, be read as a diagram of human and natural forces, e.g.
social, aesthetic, economic, political, cultural, environmental,
climatic and geological. These forces give rise to particular
styles and forms in architectural design. Frequently, economic,
political and social issues override other factors, and tend to
shape our environment for better or for worse; typical examples

may include the postwar New Towns programme, and the 1960's

inner city housing developments in Britain. A1}l too often this
results in seemingly less important issues, such as visual aesthet-
ics, playing a secondary role. Only within the iast fifteen years
has genuine concern been expressed for the harmful effects of man's
continued intrusion on the environment, most notably in the dis-
ruption of the visual landscape of urban and rural areas.

This thesis is concerned with the methods used to describe and
assessthe visual characteristics of large scale developments in
urban and rural environments. The aim is to advance thinking and
research in the preservation of high quality visual landscapes.de-
spite the presence of man made intrusions. The ideas presented
must be seen against the background of two dominant factors affec-
ting the way in which our environment is managed in the latter half
of the twentieth century.

i) the pressure for land.

ii) the forces on land. ’
It is fitting that this thesis should commence by focussing on the
problem of land, since land is, of course, the central issue in



all planning and environmental debate.
i) The pressure for land.

'Man and nature are two parts of a whole, not two opposing wholes'
(ECKB69) p.31
In most developed countries since the Second World War the dev-
elopment activities of man have degraded the quality of our
environment to such an alarming extent that much effort is now
being devoted to redressing the balance of many ecological systems.
In particular, this situation has arisen as a result of the indus-
trial and urban expansion of the 1960 s and 1970 s (DAVI78) p.25.
Nowadays, in Britain one of the most vexed questions in planning
issues concerns the growing shortage of land, as a corollary of
continuing pressure to allocate space for such land uses as:

:forestry

; :agriculture

:large scale industrial complexes

eg. petrochemical plants.

:urban expansion

:transportation networks

:recreation and leisure developments

:mining extractive industries

:search for and exploitation of primary energy resources.

Underlying these activities are economic, social and political
forces, whose expansionary aims are not under question. The
problem has been exacerbatd by the growth of the Environmental-
ist Movement over the last twenty years. In the U.K. this
pressure group has, thankfully, some marginal success to report
in the way in which ourlandscape is managed. Development projects
are increasing in size, becoming costlier and often more environ-
mentally damaging either through their construction or operation.
Consequently, man is seen very much against nature, rather than
with her. This is not a helpful starting point for amelioration;
it is difficult to imagine an opencast quarry as man and nature
in harmony. Therefore, a longterm view of the way in which our



landscape is managed must preva il,recognising land as one of

the most basic and valuable of all our resources. This would
allow controlled or Timited exploitation of the landscape resource
and enforce restoration procedures to redress environmental balan-
ce and landscape harmony.

ii) The forces on land.

'Form is a diagram of forces.' (ALEX64) p.21.

The forces of man and nature may operate at different levels in

influencing planning and design.

a) national and regional.

b) local or district.

c) site.

po

a) At a national or regional scale socio-economic and political
factors will predominate; these may be exercised. through
national planning guidelines and development plans. Environ-
mental issues are taking a stronger role in the decision mak-
ing process at this level, though this is a recent phen-
omenon which many see as already too late to protect much of
our landscape quality. Natural forces have created distinct
regional landscape characteristics, and these may modify the
scale or feasibility of development.

b) Locally, the range of forces influencing site selection and
design are a little more evenly emphasised. The existing
services infrastructure, land acquisition, conservation policies,
land use planning strategies, employment prospects and the ecological
balance of the wildlife and plant life in the area may well impose
significant design restrictions: the water table and microclimate
are equaly important as design constraints. The interaction of
these issues is often debated and resolved through the channel
of a local public inquiry.



c) On site, the detailed form of a building may be influenced
by the microclimate and construction technology available
while its location may be determined by access, soil
characteristics, eg. drainage and depth to bed rock, and
its relationship to existing site features eg. trees and

water courses.

Some of the forces described above are extremely influential,
others are impotent or insignificant. The degree of importance
varies from context to context, however, those aspects
which tend to dominate are often those which offer some tangible
return of human interest or gain, eg. social or financial.
Often environmental aspects act out a minor role, reflecting

- the intangible or qualitative gains such measures might create.

At the national or regional level the solution is very often
political; on site, the ingenuity of the architect or engineer
is called for. Clearly the local level is most problematic;
many contentious issues are raised as politicians, public

and designers enter the forum of debate. In recent years
Impact Assessments have sought to bring some structure to

the debate of local issues, eg.Environmental Impact Analysis
(EIA). This thesis addressesitself to one aspect of EIA;

the degree to which man made structures visually intrude in
the landscape - visual impact analysis (VIA).

Although the thesis is argued at the project appraisal level,
the author recognises that visual analysis methods exist at the
more strategic or regiona1 level of large scale planning.
Successful visual analysis may only result from a. recognition
that there is a continuous impact analysis system, tiered from
national policy making scale, to single site project appraisal.
(LEE 78c) p.101-110, (CLAR 80b) p.29,30.



Research motivation

The motivation behind the research work stems from a personal
concern as to whether the architectural profession can gear itself
to meet the demands of two late 20th century leviathans; 'the
energy crisis' and ‘the environmentalist movement'.

i) 'The Energy-Crisis'

The 'energy crisis' has resulted in a marked increase in the
number, scale and size of energy related industries in the environ-
ment. This has been an obvious feature of such developments during
the late 1970's and early 1980's, and is seen by some as a
dangerous course of action in which short term expediency is taking
precedence over long term resource planning (DAVI78) p.82. More
often than not, rural, coastal and estuarine locations are acting
as host environments to cope with this increased demand for, and
exploitation of, energy resources. The associated artefacts of
energy extraction, generation and distribution litter the country-
side. Bearing in mind that changes in national or international
energy policies will have a direct effect on the environment it

is timely for the design professions to recognise two important
aspects of the future energy impact on the environment.

a) That future development is 1likely to be concentrated on
sensitive landscapes that have been previously avoided, e.g.
Vale of Belvoir(ARCH80b) p.187; coastal and estuarine locations
are also highly at risk.

b) The range of developments isibraad:from power stations to large
scale solar collectors and wind turbines. Thus, whichever way
our energy resources are exploited, it will be impossible to
avoid making some measure of impact on the environment.
(DAVI78) p.72-82



While techniques have been developed for most environmental
considerations, it has been noted in recent planning inguiries

that methods for visual assessment are less than satisfactory.
(GLAS82) (ARCH83a). :

The challenge which faces the profession is to restore credibility in
the field of visual analysis, by actively pursuing techniques for
more rigorous and objective visual impact assessment.

Interestingly, this challenge has been highlighted recently in a
series of letters and replies printed in the Architects' Journal

following the opening of the Sizewell 'B' Nuclear Power Station
inquiry.

ii) 'The Environmentalist Movement'

During 1960s the 'Environmentalist Movement' in America assumed a
more vocal role in political decision making, scoring a notable
victory at the beginning of 1970 with the passing of the National
Environmental Policy Act (NEPA). Chapter one of the thesis will
look in close detail at the effect of this Act in the field of

visual assessment. Suffice it to say, for the moment, that inter
alia, the Act required the preparation of Environmental Impact
Statements (EISs) for certain classes and types of development.

Many countries awaited with interest the effect of such

legislation; the European Community commissioned a number of
monitoring studies, before itself issuing-directives to member states
recommending some form of integration with existing planning
procedures. Again, this will be developed further in Chapter 1. To
date, the UK has baulked on full integrationy however, a number

of ad hoc EISs have been conducted, mostly in Scotland and concerned
with North Sea o0il and gas developments.

There is a considerable Tobby in favour of environmental analysis and
it must be considered reasonable to surmise the possibility of some
future form of EIA in the UK planning system. It must also be
considered timely for the architectural profession to review its

position with regard to involvement in such studies.



The profession exists to promote architecture by solving technical
functional and aesthetic problems in building design. Despite this
the techniques which address the aesthetic problems are frequently
criticised at planning inquiries on account of their ability to
depict design intentions accurately (BELL74). The profession must
recognise that conventional methods of visual analysis are fast
becoming outdated, certainly out of keeping with current
environmental thinking and desire for comprehensive, reliable and
explicit impact procedures. New methods must be devised which
will match the requirements of possible future legislation.
This criticism reflects the changing mood at local planning
inquiries which has resulted in an informed and motivated public
demanding complete and accurate analyses of the visual
and environmental effects of large scale developments in sensitive
environments. The recent inquiry held by Strathclyde Regional
Council over the siting of the Trident Missile System at Coulport
in West Central Scotland is a case in point. From consultancy
experience in recent years the author has witnessed a marked growth
in the uptake of computer based methods for visual analysis studies.
The implication, therefore, is that future visual analysis techniques
must be

1. more flexible in application

2. more explicit in investigation

M more accurate in presentation

Only then can designers hope to equip themselves properly to
satisfy increasingly scrupulous and exacting public inquiries.
The challenge is therefore to develop new methods for visual
assessment which will instil a confidence in decision making
processes and allow architects to articulate their visual design
intentions a little more clearly at planning inquiries.

Research objectives

The objectives which lie at the heart of this thesis are a

personal response to the concern for our landscape heritage and in
particular for the survival of an acceptable visual environment.



The objectives may be summarised as :

a) To review the problem of visual intrusion (Chapers 1,2)

b) To evaluate the traditional and computer-based
techniques for visual impact analysis (Chapter 3)

c) To establish, through the use of case studies, the needs
in design practices for visual assessment (Chapter 4)

d) To develop the theoretical basis of a computer program
for investigating the visual characteristics of man made
structures in the natural environment. (Chapter 5,6)

Land Decade, 1980-1990, has prompted the possibility of formulating
a national policy for the countryside. TFhis thesis aims to make a
partial contribution to the development of this "official ethic of
responsibility towards land" (ARCH80a) p.12 by concentrating on the
means by which human intervention on the countryside can be assessed
visually.
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INTRODUCTION

This chapter aims to review the problem of visual intrusion under
three broad headings:

1.1 Urbanisation: the physical problem
1.2 Planning: - ° past and present planning procedures
1.3 EIA legislation: future planning controls on development

A great deal of literature already exists on these three topics
(COWA70) (LOVE79) (CATL76). The author, therefore, seeks only to
identify the key issues in the range of literature and discuss their
relationship to the problem of visual intrusion.

Our understanding and development of the yisual assessment of man
made structures appears to be less well advanced than many other
environmental analysis techniques. Indeed, there still exists a
heavy reliance on the subjective intuitive judgement of designers
at planning inquiries and other such meetings; 1if a more objective
approach to visual assessment 1is needed, then it seems reasonable
to review the problem field with the intention of sifting common
characteristics of visual intrusion. The chapter also serves as a
timely summary for the architectural profession on the past,
present and future problem areas for building design in the
landscape.

1.1  Urbanisation: the physical problem

"Urbanisation has an increasingly adverse impact on the countryside,
and has become the core of our social and environmental problems".
(ARVI78) p.361.

In the past communities evolved in close harmony with topography
and resources: the need for defence and water, and activities

such as farming and fishing determined the location, growth and
pattern of settlements. Development was on a scale and at a rate
of change that had 1ittle longterm environmental damage.



The Industrial Revolution and the problem of housing an increased
town based population invoked urbanisation on a much greater scale
of impact. '1n1t1a1]y, industrialisation caused problems of health
and 1iving standards as housing was densely concentrated close to or
around factories in the towns and cities. Only since the beginning
of the twentieth century, marked by Sir Ebenezer Howard and the
‘suburban' planning ideal, has there been a major erosion of the
rural countryside (ASHW54). Towns and cities in Britain are classic
examples of this twentieth century suburban development, as many
escaped the pressures of urban-based 1ife to find sanctuary in the
country. '

Throughout the twentieth century, as urbanisation sprawled across
more and more of the countryside, there arose concern for the
injurious effect on the environment (G1). #* In recent years, however
there is perhaps hope for a reduction in the development of green field
sites around the cities. The national problem of inner city decay and
recession are limiting the effects of urbanisation, and in many cities,
e.g. Glasgow, private housing and light industrial developments are
now appearing in inner city areas. A number of urban commentators are
even advocating a ban of developments on green field sites, e.g. in
Edinburgh. Despite these recent trends, however, several development
types will almost inevitably require 1ocatiqns in rural environments.

a) Energy developments

Extraction
Generation
Distribution and Storage

In the future it is unlikely that many non-energy-related heavy
industrial developments will be constructed in sensitive rural
settings.  The emphasis will be on Tight engineering and
microelectronic factories in city and suburban gap sites.

10



b) Transportation Systems

Road and rail networks

c) Leisure facilities

Entertainment centres, such as Theme Parks.
Activity centres for ski-ing and other outdoor pursuits.

Undoubtedly these development pressures will require well tested

and tried visual analysis procedures. In order to form an impression
of the most suitable future techniques, it is necessary to review the
nature of the visual difficulties the above developments might create.

1.1.1. Energy developments

In Britain, it is generally recognised that tHe.energy shortfall
caused by the reduction in output of o0il and gas reserves from the
North Sea may only be met by one or more of four energy options:

i) Greater exploitation of coal reserves. Coal is fast becoming
more dificult and therefore more costly to mine; this is
principally due to the fact that coal resources won in the past
were the easiest to extract, i.e. limitations on technology or land
ownership.  Nowadays, coal reserves are to be found under some of
the most valuable landscapes in the country. The problem of visual
intrusion in such cases is clear, e.g. the Vale of Belvoir.

ii) Development of primary electrical supply; by coal, hydro-electric

or nuclear power. Again the visual implications for the environment
with this option are clear. The present Conservative Government's
policy for a nuclear-based electrical supply industry has placed, through
Sizewell, and will, if pursued, continue to place a serious visual

threat on the countryside.
ii1) Development of alternative energy sources: wind, wave, solar

and tidal. The environmental implications of structures designed
to trap these renewable energy sources are major; in particular wave

11



and tidal energy collectors could have widespread visual

implications.

iv) A programmed campaign for increased domestic and industrial
building insulation and other conservation measures. This is the
only one of the four options which will have a null effect on the
visual quality of rural landscapes. However, this option, by itself,
is not widely held to be a sufficiently adequate measure to meet the
energy shortfall in 0il and gas.

What is clear, therefore, is that whichever way Britain decides to
develop its energy policy, the environment is likely to play host
to some alien energy-related development intrusions. Five major
implications for planners have been identified (PLAN79).
a) The large scale of the developments proposed.
b) Growing public concern for the natural environment and
resistance to development.
c) The ability of existing planning procedures to cope with
energy developments.
d) A growing competition for space, especially around
coastlines and estuaries.
e) Acquisition of land identified as desirable.

What is the nature and scale of the visual impact such energy
installations may have on the environment? Four aspects of energy

may be reviewed:

i extraction

)

ii) generation
)
)

iii distribution and storage

iv renewable energy resources
i) Extraction
a) Coal

Many future productive locations are in controversial areas, e.qg.
Vale of Belvoir. The visual problems include siting and design of:

12



pithead facilities

winding headgear and machine house (60m high)
spoil tipping areas

transport connections: road and rail

< <

-
-
—

— et e e S

open cast mining of coal (G2)

"Major coalfields are geographically concentrated
and future developments will be iocated within
existing coalfields. Environmental impacts will
be regional as well as local in character, in
particular from open cast mining,spoil tipping,
and shifts in mining community locations. The
Yorkshire and Midland coalfield areas may be the
regions most affected". (WATT79) p.4

b) 0i1 and Gas

At present, concentrated in North East Scotland, from Aberdeen to
Shetland, where the environment acts as host to the landfall of
-gas and oil reserves. During the 1970s the west coast of Scotland
was also a focus for oil development projects with the siting of
many platform construction yards in the deep sea lochs. Other
developments for oil and gas exploration around the UK coast are
likely as the rising cost of energy makes previously uneconomic
sites feasible for exploitation, encouraged by recent tax con-
cessions from central government.

"Continuing exploitation of British oil and gas re-
sources may resuit in new petroieum-based facilities
and extended pipeline distribution networks. There
may be an extension of activity in the west of the
country and further development of petro-chemical
complexes in certain geographical areas". (WATT79) p.4

Visual intrusion may arise from:
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i) landfall terminals on coastal sites with
high landscape value (G3)
ii) pipeline distribution networks
iii) o0il refineries
iv) petro-chemical developments

A number of the construction elements are low and horizontal, e.q.
0il tanks; however, a major intrusive feature are the towers and
stacks of the processing plants. Temporary visual impacts may be
experienced from platform construction sites, and the construction
phase of o0il and gas installations.

c) Deep mining and quarrying for raw materials

.
 The visual effect of open cast pits and spoil tips on the environ-
ment has been well documented and reviewed in(TAND75), (LOVE79)
p.229 and the Stevens Committee Report, Department of the
Environment 1976. The location of mining and quarrying operations
is determined by resources; sandstone, limestone, metal ores,clays
and fuels etc. While such operations may have ancillary buildings
‘on site, the major visual intrusion is clearly the scar cn the
landscape. This presents another aspect of visual impact: as
distinct from man-made built intrusions, there are man-impaired
landscapes causing visual degradation. In recent years, many
quarry and spoil sites have undergone landscape reinstatement.
Disused quarries are often used as refuse landfill sites, while
spoil tips are remoulded to create parklands. This has had a
beneficial effect on landscape quality, together with influencing
the phased strategy of future quarrying and mining works. (G4)

ii) Generation
a) Thermal and Nuclear Power Stations

Existing coal, 01l and nuclear power stations are dominant features
in their environments. The locational restriction of access to
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large quantities of cooling water has almost visually saturated
the river, estuary and coastal environments with such structures.
The visual problems centre on the form and siting of:

the main generation plant building

chimneys

cooling towers (G5)
Very often the sheer size and scale of such buildings deceive the
designer; there are notable exceptions where the skill of the
architect has triumphed, e.g. Hunterston A Nuclear Power Station

in Ayrshire, Scotland.

.“The demand for the requisi;e numggr of thermal and
nuclear power stations will put greater pressure on
the limited available site locations on main inland
rivers and on estuaries or coasts. With nuclear power
stations this poses particular problems, with the re-
quirement that they be suitably removed from population
and hazardous industry". (WATT79) p.4

iii) Distribution and Storage
a) Pipelines

Pipeline networks fromNorth Sea o0il and gas landfall terminals will
continue to impact a strong linear incision on the landscape. (G6)

b) Transmission lines

A11 electrical generation installations require transmission lines
for energy distribution. Such structures will continue to have a
conspicuous impact on the countryside (G7). The visual aspects are
often highlighted in the planning of pylon routes, though health
and safety standards and economics are frequently to the fore at
inquiries. While underground cables may alleviate the visual in-
trusiong
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the cost is 12 to 14 times more expensive than con-
ventional pylons (LOVE79) p.236

there are greater technical difficulties (WATT79) p.29
land loss is greater (WATT79) p.29

c) Pumped storage schemes

These energy storage schemes, using an upper and a lower water
reservoir, perform a dual function:

i) enable peak electricity demands to be met with
economy and flexibility

ii) provide the means to utilise fully the most efficient
power stations at times of low load, to store their
low cost electricity (WATT79) p:29.

This type of storage would be possible for many’of the renewable
energy resources, according to their own daily and seasonal
variations in output. The visual intrusion would stem largely
from the upper and lower reservoirs, the associated structures
and the off-site electrical distribution.

dv) Renewable energy sources
a) Solar

"Solar resource development is possible in the

limited scale envisaged with minimal impact,

with the exception of large-scale biomass con-

version . which could require substantial areas

of land with agricultural or amenity value". (WATT79) p.5

Large scale solar collectors are not thought viable, due to
Britain's cloudy skies; if such collectors were built then a
serious visual prob]em'wou1d arise from the scale of the collector
arrays and energy storage. (G8)
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b) Tidal

"Those areas suitable for tidal barrages, such as

the Severn and the Solway Firth, could undergoc

environmental impact on a substantial scale".

(WATT79)p.4
The impact from tidal energy schemes is again ‘concentrated on
coastline and estuary locations. The concern expressed by the
Watt Committee above, reflects the large physical scale of tidal
barrage schemes with an associated visual impact from nearby lock
systems and power plant.

c) Wave

As with tidal, wave power is coast-and €stuary-based and very large
scale. The wave power collectors do not constitute a problem for
visual analysis, unless close to the shoreline; though what will
undoubtedly be a moot visual point is the intrusion of onshore
storage, maintenance and energy distribution.

"Major development of wind and wave resources will have
implications for specific regions such as the north

and west of Scotland. Links to the national grid

will be required and major problems of visual impact

and other environmental issues will arise". (WATT79) p.4

d) Wind

The size and location of wind turbines presents a visual challenge
to designers (G9)

Size: 60m diameter blade span
45m high tower
75m overall height
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Location: For maximum wind exposure, coastal ridge top sites
are preferred. On such sites the visual impact is

clear, with maximum visibility in the area.

Initially wind turbines might serve island communites, e.g. Orkney
where there is one currently under construction at Burgar Hill.
Energy storage presents a problem due to daily and seasonal
fluctuations of wind speed. Pumped storage schemes are regarded

as the most effective means of storage; the visual impact of these
schemes was discussed earlier. Together with wave energy, wind
power schemes are most effectively sited in north and West Scotland,
where there is high landscape value: serious visual intrusion is

inevitable.
Energy and the environment

While land availability and environmental factors are likely to
have a 1imiting effect on development, the Watt Committee Report
recognised the over-riding socio-economic and political issues in
UK energy futures. The planning profession was identified in the
Report as the key agency for co-ordinating the diverse interests in
energy development. To facilitate this, however, three aspects of
the planning process were suggested as in need of review or in-
creased efficiency:

i) planning and development lead times
ii) existing regional and local planning procedures
iii) public inquiry system (WATT79) p.46

The existing planning process is geared to match local needs and
proposals; the ability to balance national benefit with local im-
pact is more demanding. It is clear that the energy/environment
conflict will continue to bring into sharp focus the inherent
weaknesses of the present planning system in forging satisfactory
arrangements between national energy and lTocal impact issues.
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The increasing importance of the visual and landscape quality of
the countryside, in relation to energy development was reflected
in the conclusions of the Watt Commﬁttee Report: three points
dealing with visual intrusion and landscape quality, demonstrate
the strength of concern now felt to limit the visual impact of
energy on the environment.

i) Protected land

“"There will be pressure on protected land but since
this is increasingly valued, the feasibility of de-
velopment will again be made progressively more
difficult". (WATT79) p.5

ii) Alterations to landforms

"Scenarios requiring high level development of
certain resources will result in substantial
physical alterations to land forms. This may
‘be resisted by conservation and amenity interests"
(WATT79) p.5

iii) Visual intrusion

"Visual intrusion will inevitably occur, much of it
quite acceptable. In certain areas however, this may
be unwelcome and again may make the achievement of
certain energy development difficult". (WATT79) p.5

1.1.2 Transportation systems

The infrastructure of transport systems, air, road and rail networks
may significantly disrupt the harmony of the envirorment; (LOVE79)
p.173 provides a good summary. The UK motorway network, built up
during the 197Cs, best portrays the visual consequences of increased
transport communication around the country. (G10). With the excepticn
of a third London airport and an English Channel tunnel, road net-
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works are likely to provide the greatest transportation pressure
for land in the countryside.

The problem of visual intrusion by roads was identified in a
Department of Transport publication (TRAN76), known as The
Jefferson Report: in section 5, the visual effects are discussed.
The document aims to quantify environmental issues with regard
to highway design. In reviewing visual aids to design, the re-
port uncovered a singular lack of comprehensive and robust visual
assessment procedures applied in road design. Therefore, if
future motorway systems are tc be ameliorated with the landscape,
more sophisticated techniques for visual assessment will be re-
quired; the application of the soiid angle subtense method de-
scribed in (TRAN76) may only address one” aspect of visual issues
in highway routing and design, that of the percentage impact on
the visual field.

1.1.3 Leisure facilities

The impact of leisure on the environment is perhaps better under-
" stood as the impact of people, as ever increasing amounts of our
time become available for leisure and recreational pursuits. There
is a two-fold need to provide adequate outdoor facilities

(FOST79) p.153.

i) Access to land for the enjoyment of the countryside

The designation of National Parks, Sites of Special
Scientific Interest and Nature Reserves has had a
beneficial impact in terms of large scale preser-
vation. However, car and human access, to and in such
areas is not without its visual consequences; soil
erosion, road intrusion, accretion of litter, parking
and building facilities (G11).
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ii) Exploitation of land for specific pleasure purposes

The development of the ski industry in Scotland

typifies this type of impact; ski Tifts, runs and
associated facilities. The debate on the impact

of such structures is frequently a confrontation

between the national need for environmental preservation
and the local need for social and economic survival. The
need for impact assessment techniques is obvious, if only
to demonstrate the beneficial and adverse implications of
tourism for a particular district or community affected.

1.1.4  Summary

a) Most of the energy-related forms are Targe scale, simple and
bold élements in the landscape, e.g. chimneys, oil tanks etc.
This should make the assessment of visual form easier.

b) Many of the developments require coastal or estuarine sites
for a variety of reasons, not least access to water. Siting
proposals in such areas will mean that the resulting visual impact
could extend over a wide area; adjacent river banks and island

communities could have a severe visual impact.

c) Prominent vertical features, e.g. power station chimney stacks,
wind turbines and pylons are likely to prove an easier task in
visibility determination, than, for example, oil tanks. In fact
the criterion of visibility is a simple but major key to
understanding the visual impact of buildings on the environment:

i) can an object be seen?
ii) if so, how much can be seen?
iii1) and to what extent is the visible portion seen against
background Tandform and/or the sky?
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Such assessment is likely to yield an understanding of the visual
absorptivity of the host landscape in which the development is to
be placed.

d) The visual assessment of certain landscape developments, e.qg.
quarrying and forest planting, requires the ability to model the
landform and the land use, in particular forest belts and plan-
tations where tree heights can interfere significantly with the
visual character of an area. This type of problem is distinct
from that of siting a man-made artefact in the countryside.

e) The visual aspects of development will become an increasingly
important issue in public feeling, since the future expansion of
development is likely to intrude on sep§itive areas. There is a
clear need, therefore, for visual issues to be

heard with more authority and demonstrated with more conviction

at planning inquiries, if future proposals for energy, transport
and leisure are to be properly.integrated with the landscape.

f) - The continued andincreasing stream of energy-related planning

- applications has already effected and will hopefully reinforce the

need to:

i) review existing planning procedures

ii) create a stronger lobby in favour of some form
of environmental analysis procedures in the
British planning process.

1.2 Planning and the Environment

In reviewing the problem of visual intrusion, it is pertinent to
trace the emergence of environmental concern and action in
Britain. This may only be worthwhilely traced from the Town and
Country Planning Act of 1947, the first milestone in planning in
post-war Britain. There are two distinct eras of planning since
1947.
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a) 1947 -1968
b) 1968 - to date

1.2.1 1947 - 1968

The evolution of the statutory planning process in post-war

Britain stems largely from the Town and Country Planning Act
(1947).  The Act was principally concerned with controlling
industrial and urban expansion in the national recovery and
redevelopment after World War II. Development plans were required
to be submitted by each local planning authority and reviewed
quinquennially: a development plan was described in the Act as a
plan 'indicating the manner in which the local planning authority
propose that land in their area should be used'. Thus Green Belt
policies around cities and land use allocdtion were considered

major. issues.

By the 1960s a growing concern for the appearance and quality of

the physical environment being created under the 1947 Act led to
criticism that the Act was insufficiently detailed in controlling
local development. Since 1947 the scale and intensity of physical
change had increased so rapidly that the Act was, without question,
outworn and ineffective. (ROYA76). This was identified by the
Planning Advisory Group (PAG) in their review of the Statutory
Planning Process in 1965: "development plans make no contribution to
the quality of urban design or the quality of the environment".
(ROYA76).  The PAG recommended, therefore, the introduction of
local plans in addition to development plans. In addition a survey
by the National Parks Commission found "sufficient evidence of
widespread erosion of coastal and rural landscape quality to merit
recommendations for further special measures of protection and
management" (CHER76) p.184.  The awareness of the inadequacy of
strategic development plans to regulate detailed and sensitive issues
at the Tocal level of planning precipitated the passing of the Town
and Country Planning Act of 1968 (Town and Country
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Planning (Scotland) Act 1972). This Act remains the basis of
current planning legislation in Scotland, as amended by the Town
and Country Planning (Scotland) Act of 1977 and other minor amend-
ments.

The criticisms of the 1947 Act were rectified in the 1968 Act,
primarily through the introduction of a new type of development .
plan, consisting of two main levels of plan formulation:

a) structure plans
:regional scale policies in diagrammatic form showing
broad pattern of development and transport.

b) Tlocal plans
:outlining proposals in local detdil through district
plans, action area plans or specific subject plans.

The Structure Plans, then, acted as a link between national and
regional policies and local planning issues. The 1968 Act also
recognised the growing problem of large scale development on the
environment, and the need for landscape management. Local and
‘regional authorities were to "have regard to the desirability of
conserving the national beauty and amenity of the countryside".
(ROYA76)

Provision was made for ad hoc inquiries by special commissions
into major development projects e.g. power stations and natural
gas installations. (ARVI78)p.241.

Increased public participation and accountability were also re-
quired of local planning authorities.

In support of the Town and Country Planning Act 1968 (Scotland 1972),
the Countryside Act 1968 (Scotland 1967) established the Countryside
Commissions,replacing the National Parks Commission created in 1949
to designate National Parks and Areas of Outstanding Natural Beauty
(AONB).
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Shortly after implementation, the 1968 Town and Country
Planning Act was seen to be:
a) too slow in initiating Structure Plans.

b)  weak in its application.
¢) too broad in content and not sufficiently detailed

to deal with specific problems.

d) imperfectly related to other systems of local govern-
ment activity.

e) planning is more a political decision making activity
than actual physical decisions. The Act needed revision
in this area (ROYA76) p.15.

Consequently the Act was consolidated in 1971, amended in 1972

1974, 1977, 1980 and 1981 (HEAP82). Some of the criticisms above
=

still feature in current planning debate.

Up until the late 1960 s, British planning had tended to con-
centrate on urban questions rather than rural problems. This was
reflected in the inadequacy of statutory planning legisla-

tion to control large scale physical intrusions in the country-
side. During the 1970 s the pressure of development was to

change the whole means by which planning control was effected.

It is interesting to note that around the same time, the late
1960's, the environmentalist lobby in America was bringing
pressure to bear on the U.S. Government to instigate measures

for greater environmental control over large scale rural and urban
developments. This resulted in the passing of the National Environ-
mental Policy Act (NEPA) at'the outset of 1970.

1.2.2. 1968 - to date.

Between 1970 and 1980 there have been a number of Acts, and
Planning Institute and Government sponsored investigations

into the effectiveness of the planning system and the control
of landscape development. The reports, Acts and investigations
selected for discussions are intended to trace the emerging
problem of visual intrusion during the 1970 s and early 1980 s.
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A fair proportion of these reviews are centred on Scotland due
mainly to the North Sea o0il and gas industry. Since the author

is also more familiar with planning law as it affects Scotland there
is emphasis placed on a Scottish viewpoint in this section.

1.  In 1971, the Government set up a National Park Policy Review
Committee to review the role of National Parks. Reporting in 1973,
the committee found that 'all too frequently, National Park landscape
values had been adversely affected by major developments - reservoirs,
large scale afforestation with conifers, electricity power stations
and transmission lines, mining and quarrying, and major road
improvements to accommodate long distance traffic.' (CHER80). There
was also a recognition of increased pressure on the visual amenity of
rural and coastal landscapes by the accessibility of the public to the
countryside on account of increased car ownership.

2. In 1975, the Dobry report on Development Control was submitted.
The report claimed that 'the planning system had achieved a great deal',
but 'overall the planning machine was too cumbersome and complex'.
(DOBR75).  The report also encouraged planning authorities to demand
the submission of an impact study on significant development proposals:
these studies might appraise the comparative advantages of alternative
sites. Delays in forming Structure Plans and Local Plans inevitably
led to delays and errors in decision making concerning Development
Control. By the mid seventies, therefore, it became clear that
national economic measures from industry, energy, and communications
networks were severely impinging on va]uab1e71andscape resources, even
National Parks and Areas of Outstanding Natural Beauty.

3. In 1976, the Royal Town Planning Institute (RTPI) issued a
document reviewing the state of planning legislation (ROYA76).
The booklet identified many attractive features of the existing
planning legislation and cited areas for improvement in
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the light of past experience. This evolutionary approach to
planning was critical in dealing with the environmental issues
and arguments emerging as a signifcant factor in the planning
debate towards the end of the 1970s. From a visual and
environmental impact standpoint, several important recommend-

ations were made:

a) reassessment of Public Inquiry procedures.

b) the Development Control System needed to alter from
negative control to managing change

c) the quality of decision making was to be improved:

'by requiring full development briefs and impact

studies: better information systems; and increasing
the skills both of professionals and clients in
relation to the visual quality and impact of develop-
ments' (ROYA76) p.49.

The RTPI, therefore, favoured restructuring the planning
process and in particular the Development Control System, to acco-
mmodate Environmental Impact Studies.

4. Throughout the 1970 s the Project Appraisal for Development
Control (PADC) Unit at the University of Aberdeen has addressed
itself to the problem of appraising major development proposals
as part of the UK planning process. Their work is influenced

by American experience of Environmental Impact Analysis. Indeed
EIA and its integration in UK planning legislation is a common
thread throughout both their work and other planning reports in the 1970s.
The work of the PADC unit and the British attitude to EIA is cov-
ered in greater detail in section 1.3. Amongst other documents
and reports, three studies commissioned by the Department of the
Environment will be considered: Research Reports 11,13 and 26.
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5. In response to the Structure and Local plan requirements

of the Town and Country Planning Act (1968) a great many county
councils, notably all in England, developed landscape

evaluation techniques eg. Hertfordéhire, Hampshire and
Bedfordshire. A good review of the methods devised may be found
in (LOVE73) p.19. The techniques are essentially QUalitative
landscape assessments; they seek to describe or grade the physical
or visual character of the landscape. Their ad hoc nature

and regional/district level descriptions are not suited to single
site or project appraisal for visual analysis.

6. In 1976 the Scottish Development Department published a
document describing the Scottish experience in Environmental Impaét
Studies connected with the North Sea 011 and gas industry (SCOT76).
Ten major 0il1 related proposals, each the %ubject of an impact
study between 1973 and 1975, are described.

a) 0il platform construction at Loch Carron (Drumbuie).

b) 0il platform construction at Loch Broom.

c) 0i1 related activities at Arnish Point, Stornoway.

d) 01l refinery at Nigg, Easter Ross.

e) 011 handling terminal at Flotta, Orkney.

f) 011 related activities at Sullum Voe and Swarbacks Minn
area, Shetland.

g) Comparative analysis of oil platform construction sites,
Loch Carron area. ,

h) Sites for concrete platform construction in the Firth of
Clyde.

i) 0i1 related activities; feasibility study at Loch
Eriboll.

Jj) 011 related activities; Buchan impact study.

Piggot has reviewed this document in relation to the visual impact
assessment procedures employed (PIGG79) p.7. Analysing Piggot's
description of the various impact studies, the following aspects of
visual assessment are clear.
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i) The range of techniques and the degree of rigour applied

to the visual assessment ip each study varied enormously.

The most comprehensive analysis having been undertaken by W.J.
Cairns and Partners in their proposals for an o0il handling ter-

minal on Flotta, Orkney.

ii) The low priority placed on visual impact assessment is
clear from the short and superficial analyses conducted -

:a qualitative verbal report by an acknowledged expert

in a design profession.

:a site check on visibility from specific chosen locations,
eg. roads and townships. Such a study is by no means comp-
rehensive,and may be at best frequently misleading.

‘with the exception of two studies, Flotta and the Firth of
Clyde, there was a notable lack of drawing sketches indica-

ting proposals.

iii1) In general there seemed to be a lack of concern for accurate

visual analysis procedures.

iv) Local visual impact was often discounted in favour of the
national interest for o0il development. Scant regard was given
to the fact that many of the sites analysed were surrounded

by land recognised by the Countryside Commission for Scotland,
the National Trust for Scotland and the Scottish Development
Department as having national scenic importance.

7. During the 1970 s three national guidelines for development
were published in Scotland. Piggot has again reviewed these
documents in relation to visual analysis (PIGG 79) p.24

a) North Sea 0il and Gas: Coastal Planning Guidelines.
Scottish Development Department 1974. (SCOT 74)
Preferred Conservation Zones are identified; however,
these may be overridden at will by national issues and
interest.
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b) National Planning Guidelines for large Industrial Sit-
es and Rural Conservation.
Scottish Development Department, 1977. (SCOT77)
a document outlining general principles for develop-
ments in sensitive rural environments.

“In general planning guidelines have had Tittle to
contribute to the discussion of the criteria to be
applied, and less to consideration of methods, for
assessing visual impact." (PIGG79) p.26.

c) Scotland's Scenic Heritage.
The Countryside Commission for Scotland. 1979 (COUN79)

"The Commission do not advocate any specific method of
visual impact assessment, nor do they advocate any spe-
cific technique of landscape quality assessment."

(PIGG 79) p.27.

In concluding his review of planning guidelines and impact stud-
ies Piggot states that:

"The Tow level of use of credible and demonstrable
techniques for assessing visual impact is apparent even

from a limited investigation of public inquiry and impact
study evidence available. The reliance on expert opinions,
supported by either no visual evidence or by evidence
relying on the credibility of the 'expert' concerned, is the
dominant feature of practice in this area of visual impact
assessment... The planning guidelines and advice notes
available on a range of issues are notably silent on visual
impact assessment. The imbalance which clearly exists
between the level of sophistication which has been achie-
ved in practice for measuring other environmental impacts
and that of visual impact assessment is a central feature
of environmental impact assessment in recent times." (PIGG79)
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8. Lurcher's Gully Public Inquiry 1981.

In 1980 the Cairngorm Chairlift Company submitted a proposal

for outline planning permission for an extension of downhill
ski-ing facilities at Coire na Ciste and Coire Cas into Coire
an tSneachda, Coire an Lochain and Lurcher's Gully. Eighteen
months Tater, an EIA was commissioned before the public inquiry
took place in 1981: the EIA was prepared by the Anderson Semens
Houston Partnership.

In recommnending to the Secretary of State for Scotland that
planning permission should be refused, the reporter argued that:

1. the site was of outstanding scientific, scenic and
recreational importance.

2. the proposal would have a detrimental effect on the
quality of the area.

3. the detrimental effect outweighed the advantages in
consenting to the proposal (CAMP82) p.228.

As part of their evidence, the Cairngorm Chairlift Company pro-
duced findings from the EIA. An assessment of the visual impact
was made through on-site intervisibility studies to determine
those areas which would see the development. Several maps were
prepared summarising the visibilityfrom significant locations, eg.
chairlift stations: a composite map showed the total visibility

in the area. From close range, the visual quality of the landscape
would be impacted, though largely contained in the shape of the
gullies: from the middle distance, views are obscured due to
afforestation and topography; from distant views across Loch
Morlich, it was accepted that the structures would be largely
indiscernible.

Considering the timescale, for the EIA, and the nature of the
application - for outline planning permission, the level of
visual assessment undertaken was adequate to offer a good impres-
sion of the visual intrusion such a development might have. In
arguing for the proposal, the Cairngorm Chairlift Company
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suggested measures to be taken in the design of the structures to
ensure minimum visual impact in both constructibn and operation.
These suggestions were most praiseworthyshowever, like so many
other inquiries, the design aids necessary to achieve those aims,
the author considers to be neither sufficiently comprehensive nor
objective. "Ski developments in Scotland are notorious for not
siting well in their environment." (CAMP82) p.112.

9. Torness Transmission Line Routes, East Lothian.  Public

Inquiry 1982.

The growing interest and concern for the visual amenity of landscapes
was reflected in this inquiry. The pylon routes, as proposed by the
South of Scotland Electricity Board, had a significant impact on a
sensitive rural environment and drew a number of objections. .The SSEB
-were seeking permission to route new, and fealign and upgrade old
transmission routes in East Lothian as a result of the Torness Nuclear
Power Station, in the process of construction. Of the two routes
suggested by the SSEB, the Torness/Eccles and the Torness/Dalkeith,
there was 1little if any disagreement over the Torness/Eccles route.
Objectors were principally concerned about the impact on the
countryside of the proposal for the Torness/Dalkeith route, which

was known as the Hillfoot route. The main objectors to the Hillfoot
route, East Lothian District Council, put forward an alternative route
for consideration at the dinquiry; this was known as the Dipslope
route. This route was favoured by a number of interested parties,
notably the Countryside Commission for Scotland, despite the

increased cost and length of the line, additional. engineering problems
and limited access for maintenance. From a landscape impact viewpoint
the Dipslope line was seen as preferable since the visual amenity loss
or impact on the higher moorland of the Lammermuir Hills was more
expendable than that of the lower Hillfoot route.

Visual assessment formed a substantial part of both the SSEB and
objectors' evidence (MAYC83) p.51-82. Included in the evidence
submitted by Humbie East and West Saltoun and Bolton Community
Council were a selection of computer based visibility maps and
photomontages by the Bill Love Partnership.
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These were used in evidence against the East Lothian District
Council's Dipsiope 1ine. The accuracy of this evidence was not in
question since it only sought to represent a fair impression of the
Dipslope line which had not yet been planned in detail.

Taken together, the visual evidence presenfed was highly subjective,
a comment directed particularly at the findings of the SSEB's
landscape consultants, W. Gillespie and Partners (MAYC83) p.124.

The production of acceptable and objective visual evidence at
inquiries still remains an unanswered problem. Numerous techniques
exist and claim some degree of authority; the lack of & consensus

of approach however appears to militate against acceptable standards
in procedures for visual analysis and decision making. In con-
clusion,the Reporter appeared to be still uncertain as to the full
extent of the visual impact from the pylons (MAYC83) p.371, and the
lack of rigorous visual assessment caused disagreement on objective
matters regarding pylon visibility (MAYC83) p.182.

10. Sizewell Nuclear Power Station. Public Inquiry 1983.

-A public inquiry began earlier this year concerning the proposal
by the Central Electricity Generating Board (CEGB) to build a second
nuclear power station at Sizewell, Suffolk. Six coloured photo-
montages constituted the evidence presented by the CEGB concerning
the visual aspects of the design. Although the power station is
generally accepted as a highly intrusive element in the coastal
scene, there is a distinct lack of evidence submitted to summar-
ise the effect of various screening and landscaping proposals ob-
Jectively from a number of road or settlement locations. Documents
P30 on architecture and P31 on landscape are hignly subjective,
reflecting an opinion clearly influenced by the CEGB. (ARCH83a).

11. In recent years, a number of journals and papers have discussed
the idea of introducing a Preliminary Inquiry as distinct from a
lTocal public inquiry. (SIEG80), (HICK80), (THOR83).



The intention of a preliminary inquiry would be to establish the
main issues for discussion at the local public inquiry, and perhaps
set the boundries or scope of an EIA.

" A two stage process of investigation should be
adopted for specific types of substantial development
proposals, the first stage to be inquisitorial and to
explore need, design, and environmental impact, with
the second stage adversarial and exploring objections and
views of relevant bodies and the public." (THOR83).

" A major inquiry will work best if precognitions of evidence
are circulated beforehand, and these can note points of
disagreement with the impact analysis statement. The
impact statement would aid identification of the key issues
requiring examination at the inquiry and would heip
witnesses to structure their evidence on the basis of these
issues". (HICK8Q) p.76

Preliminary investigation would hopefully speed up and improve the
public inquiry procedure since,

1. the main facts would be agreed

2. the main issues would be identified

The Vale of Belvoir is a typical example. The Secretary of State
for the Environment appointed an Inspector (or Reporter) and
initiated a local public inquiry to assess the need for development,
alternative locations and to balance the national economic issues
with local environmental implications (JOUR79). Before this was
held, however, a preliminary meeting identified the main issues
relevant to the inquiry and indicated where further investigation
was required before the inquiry began.  The implications for visual
analysis are that more explicit and objective techniques need td be
developed and impiemented in Environmental Assessments to provide
quantitative information for debate at public inquiries.
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1.3 EIA Legislation and the Environment

Since 1970 and the passing of the National Environmental Policy

Act (NEPA) in America, there has been growing worldwide interest

in Environmental Impact Analysis (EIA). Britain is no exception,
and a number of publications have appeared during the 1970s and
1980s assessing the role which EIA might play in the planning
process: in this respect (CATL76) is recommended as a good text.

The problem of environmental impact is well documented; methods

and procedures (BISS80), ecology and pollutions (CHER77) (FOIN76).
The author recognises the substantial volume of EIA research and
application undertaken during the past ten years; notably at the
Project Appraisal for Development Control (PADC) Unit at Aberdeen
University, (CLAR76) (CLAR78) (BUIL78) (BARRBO),_and:at the University
of Manchester by Norman Lee and Christopﬁe; Wood (LEE 78a) (LEE 78b)
(LEE 78c). With this in mind, this section of the thesis may only
seek to draw from these and other reports those aspects which bear

a direct and important relationship to visual impact analysis.

1.3.1 EIA in America

* The National Environmental Policy Act (NEPA) which became effect-
ive in America at the beginning of 1970, divected federal agencies
to submit an impact study for certain major development prcposals,
as defined in the Act, which would have a significant effect on the
quality of the human environment, Clark et al (CLAR78) ppl1-18

provides a good summary of NEPA. The four objectives of NEPA are
statements of positive action, indicative of the need to allay the
environmental fears and concerns at the time:

a) Declare a national policy to encourage harmony
between man and his environment

b) Promote efforts to prevent or eliminate damage
to the environment.

c) Enrich the understanding of major ecological

systems and natural resources.

d) Establish a Council or Environmental Quality (NATI69)
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The over-riding impression of the Act is that federal agencies

were required to prove or demonstrate the effects of development
proposals and take a more positive role in land use and landscape
planning. In order to achieve this, administrative procedures for
implementing NEPA were Tlaid down in Subchapter 1, section 2 of the
Act. The procedures were to involve the preparation of an Environ-
mental Impact Statement (EIS) considering five main aspects of de-
velopments:

a) outline the environmental impact of a projected action

b) indicate any adverse environmental impacts which cannot
be avoided

c) consider alternatives to a proposed action

d) discuss the relationship between local short term use of
man's environment and the maintenance and enhancement of
long term productivity.

e) describe any irreversible and irretrievable commitment of

resources. (NATI69)

(These points were revised and extended in guidelines of the
. Council on Environmental Quality in 1973 (CEQ 1973))

The words underlined are those of the author, intended to emphasise
the positive nature of an EIS. In considering these requirements
under visual impact, a number of factors are clear:

i) qualitative descriptions and subjective opinions
cannot meet the rigorous demands within an impact
statement.

ii) quantitative and objective techniques require to be
ceveloped, especiallyin relation to points a), b) and
c) above.

iii) An EIS is both descriptive of existing conditions,and
predictive of the Tikely future impact of proposals on
those conditions. Thus there is a need for accurate and
comprehensive visual techniques or methods to model
future reality and evaluate the effect of certain actions
to promote cenfident and well grounded. project decision
making.
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1.3.2 EIA in Europe

Other countries throughout the world observed American progress
under NEPA.  European interest resulted in two countries

introducing EIA legislation for certain types of development e.g.

France: Nature Protection Act 1976
EIA mandatory for both public and private
projects.

Eire : Local Government (Planning and Development)
Act, 1976, EIA mandatory for private
developments only.

A comprehensive review of the European uptake of EIA may be found
in (CLAR80a) p.445. At the European level, an important first stage
review of EIA was initiated by the European Commission in 1976.
Norman Lee and Christopher Wood, Department of Town and Country
Planning, Manchester University, were asked to prepare a report for
the European Commission on EIA procedures, examining how such
procedures might be implemented in the decision making and pianning
processes of member states (LEE 78c).  Aithough the topic of visual
5na1ysis is not referred to specifically in Lee and Wood's paper,
the availability of robust methods and procedures for analysis is
identified as critical to the formulation of an effective EIA
system, either separate from or integrated with the existing

planning process.
i W EIA in Britain

In Britain two events during the 1970s brought the problem of
environmental impact sharply into focus (CLAR80a) p.393.

i) A recognition that traditional assessment
techniques were fast becoming outdated and
urable to cope with the varied and rigorous
appraisal required by large scale developments.

w
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ii) The development of the North Sea 0il and Gas
Industry. The requirement for platform construction
sites and onshore facilities placed a heavy demand
on the environment in Northern Scotland, and many
impact statements were initiated under the Town and
Country Planning (Scotland) Act 1972. '

These two factors were instrumental in the setting up and spon-
soring by Government of two key research projects.

a) Project Appraisal for Development Control,University
of Aberdeen. Under the directorship of Brian Clark,
the PADC unit has been involved in a number. of EIA
related research projects since 1973, including EIA
methods and EIA in Forward Planning. ~ The unit has
produced two main publications.

i) The Assessment of Major Developments - A Manual (CLAR76)

An updated version of this manual-was published by the Department
of the Environment in 1981. The study began in 1973 with the
-objective of compiling a guide for the identification and de-
scription of major development impacts for use by planners in
assessing major industrial applications. While the manual is ex-
tensive and detailed in describing technical advice e.g. for water
and noise pollution, the section devoted to visual impact assessment
as distinct from landscape evaluation, is relatively short. The
method described in the manual is that developed by Hebblethwaite
(HEBB75) at the Central Electricity Generating Board. Since pub-
lication, this technique has been improved to allow automatic
visibility determination, based on a computer model of the terrain
and sight line searching procedures from an observer location in
the terrain model. The lack of objective visual assessment pro-
cedures to report was evident.
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ii) Environmental Impact Assessment in the U.S.A: A Critical
Review (CLAR78)

The remit of this study did not involve any direct appraisal of
visual assessment techniques. Its importance lies in the fact
that it addresses itself to the structure and content of American
EIAs, affording a'state of the arf'critique.

b) In 1974, J. Catlow and C. Thirwall were appointed by the
Secretaries of State for the Environment, Scotland and Wales to
prepare a report on Environmental Impact Analysis. First pub-
lished in 1977 the report reviewed the need for and suitability of
EIA in Britain, with regard to its integration in the statutory
planning process. One of the more specific objectives was

"to survey techniques now being used or developed
to measure the environmental impact of large scale
projects"(BUIL78) p.87

In consideration of visual analysis in chapter 3, the report

rightly distinguishes between methods of objective visual assess-
ment and subjective measures of landscape or visual quality: further
.objective measurements of landscape value were correctly regarded

as unattainable. After only passing mention of the traditional
techniques, three methods of visual assessment are discussed:

i) Solid angle method by the Urban Motorways Committee.

The method calculates the solid angle subtended by
developments in the field of view.

ii) Zone of Visual Intrusion (as described in (CLAR76) p.91)

ii1) Environmental Decision Making using Quantified Social
and Aesthetic Values. This procedure is principally
used for comparative studies,.Two photographs,before
and after views of the site are used to assess a score
for visual degradation when the development is added.
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Methods i) and ii) have been used widely in the UK for highway
design and single site projects respectively. The review of
visual assessment techniques in the Catlow Thirlwall Report.
serves to emphasise the poor state of the art in competent

visual assessment.
1.3.4 EIA and the European Commission

The Action Programmes of the European Communities on the Environment
dated, 1973, 1977 and 1981 have maintained a commitment to environmental
protection; they state that "effects on the environment should be taken
into account at the earliest possible stage in all the technical
planning and decision-making processes". The main method 1in
achieving this aim within member states is seen as Environmental
Impact Analysis (EIA). A draft directive on EIA prepared by the
'European Commission and issued to member states, after twenty
revisions, would require an EIA to be prepared for certain types

of development proposals (PLAN8la).  The draft has still to receive
final approval by the Council of Ministers of the European Parliament,
however it seems 1ikely that EIA will,in some form, be integrated

into the UK planning system (BUILS80).

Reaction in the UK has been mixed. The House of Lords Select
Committee of the European Communities welcome the idea of a mandatory
EIA for certain types of development proposal (HOUSE1), while the
Government has for some time maintained opposition to the E.E.C.
directive, claiming that the present system is adequate: they remain
“to be convinced that it is necessary or desirable to replace that
eminently practical system (current planning control) with a rigidly
mandatory one" (ARCH81).

Both the Town and Country Planning Associaticn and the Royal Town
Planning Institute favour the directive, claiming amongst varicus
advantages, that EIA will be "a useful tool for enabling a full
examination of the impacts of a project on the environment and
identifying principal areas of compatibility or concern"(PLAN81b).
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Nevertheless, there is a strong lobby in favour of EIA and the
recent Government tax concessions to the North Sea 0il and Gas
Industry may well precipitate some form of EIA in Britain. The
effect of such legislative steps will require comprehensive EIA
methods and convincing EIA techniques to be developed. Many such
methods and techniques exist and are described in the various
reports and texts quoted above. From a visual analaysis view-
point, however the 'toolshed' is somewhat understocked, if not
empty. There is clearly a need to develop more sophisticated
visual assessment tools in response to the rigorous demands of

possible EIA legislation.
1.3.5 Objections to EIA

There are a number of objections to integrating EIA into the UK
planning system. These may be summarised:

a) The classification of projects for EIA and the exempting pro-
cedures (SURV81). Some projects, due to large land take or
pollution will require a full EIA; whilst others, of a smaller
scale, may not require assessment or undergo a simplified study.
This appears to be a direct result of U.S. experience in which
EISs are often undertaken unnecessarily.

b) The systematic approach of an EIA may well introduce delays in
the statutory planning process. Howeveglnany argue that it would
simplify and speed up decision making processes in planning
(BARR80) p.13.

c) The cost of commissioning an EIA is often prohibitive,particular-
1y when it must be borne by the developer himself.

d) Length. It is felt that the contents of an EIA should be
specified in legislation, especially a maximum length, e.g. 5000
words. Further, if the contents of an EIA are to be presented in a
succinct and readable form, then the techniques for assessment
should be as objective as possible, to convey a reasonable im-
pression of the extent of the impact in a short report. (GARN79).
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e) Litigation. Litigation arising from EIA in America has fallen
recently (PLAN 81b).

f) Revisions of UK planning system

Advocates of current planning legislation argue that it is
adequate to cope with the assessment of major developments. EIA. -
it is claimed, would only invite a revision of the entire planning
control system. Some contend that EIA may be integrated through
an amendment of the General Development Order (ARCH82a) (CLAR80bD)

p.44.

g) Bad Judgement
US and Australian experience claims that EIA can be wasted if it

is subjected to bad judgement (PICK81).

These factors are currently at the centre of debate regarding the
possible adoption of some form of EIA in the UK planning system.
The implications for visual assessment will be significant if EIA
is integrated with existing planning procedures. In particular the
efficiency, accuracy and flexibility of visual assessment procedures

- will come under detailed scrutiny.

1.3.6 Summary

1. The current reluctance of the British Government to integrate a
formal procedure for environmental impact analysis appears to run
against the trend of advisors and institutes which favour its in-
troduction. Clark also describes underlying economic reasons for
resistance (CLAR80b) p.44. The ad hoc nature of initiating EIAs may
leave the countryside open to further uncontrolled development,with
an immediate loss of yet more high quality landscapes.

2. An increased public awareness of environmental issues will re-
quire visual assessment procedures to be; '



a) more objective in analysis and appraisal.

b) more succinct in presentation

c) more flexible in application to test different
sites, schemes and the effect of natural screens
e.g. tree belts.

d) more systematic in appraisal.

3. EIA will promote objective discussion. Impact analysis
techniques must be sufficiently developed to contribute to this
discussion; in particular visual assessments must contain more
than subjective value judgements if quality information is to be
produced regarding various courses of action before decisions are

taken.

4. EIA will require developers to prove the case for development,
rather than present the idea. There is a significant difference
here, and proof will consequently demand more scrupulous impact

assessment techniques. Typically an assessment may involve:

a description of the proposal

)
ii) an analysis of the alternatives
iii) Jjustification of the preferred option
iv) a description of its effects
v) limitations of the assessment (CLAR80a) p.157.

Parts ii), iii) and iv) present difficulties in their call for
explicit reasons and courses of action. From a visual analysis
viewpoint it would seem that more sophisticated techniques require
to be developed, if (CLAR76) and (CATL76) are accurate in their re-
view of techniques available and in use in design practice.

5. There is a need to establish guidelines and a methodology in
visual analysis procedure for local public inquiries. In the same
way that methodologies are devised for Environmental Impact Studies
so it would be timely to set up standards for both the developer
and objectors' visual assessment presentation at inquiries. This
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is 1ikely to give common ground for debate,and present the inquiry
reporter with a more informed assessment of the proposals submitted
allowing a better comparative judgement to be made.

6. If the main objective of an EIA study is to provide decision
makers with an unbiased account of the implications of an action
or alternative courses of action, then such impact assessments can
no longer rely on subjective judgements based on individual
intuitive feelings, however expert they may be.

7. Three comments made at a symposium in Stockholm in the summer of
1981 are appropriate at this juncture in summarising feeling towards

visual analysis.

i)  The process of doing a Visual Impact Study: there are
no tools to do a fully comprehensive analysis.

ii)  There is increasing pressure on clients' consultants
to demonstrate that visual analysis work is both
accurate and helpful in influencing design decisions.

iii)  The applicability and reliability of visual impact
procedures in tackling real problems is continually
under question ; particularly the representation of
proposed structures in the landscape submitted for
public scrutiny (PERR81)

The inadequacies of visual assessment techniques is bound to cause
delays in decision making on the part of planning authorities.

8. There is a clear distinction between the level of visual assess-
ment detail required by an EIS and that required by e.g. an
architect, in the course of design. The techniques used in the
preparation of an EIA are likely to be a subset of those employed
by the designer. This thesis identifies that there are a number of
methods now available to satisfy the broad requirements of an EIA,
and suggests the development of design aids in visual analysis
work. These will



i)  improve design standards, as architects become
more aware of the visual consequences of design
decisions.

ii) Instil more confidence in design decisions as
alternative courses of action can be considered
in depth at earlier stages of the design process.

These will not necessarily be shown at inquiries or included in
EISs. The main submission of visual assessment in an EIA will
tend to be intervisibility studies.

9. The scale of the visual assessment will largely determine the

techniques used.

_Regional scale: gradings of landscape quality are more
appropriate in strategic planning level:

area assessments for visual absorptivity
and vulnerability may be undertaken.
Local/Site Scale:detailed assessment of the form and
location of development. Backclothing/
skylining/ and colour studies undertaken.

10. There tends to be reliance on old techniques of visual
assessment and expert verbal opinions. These are highly sub-
jective and it is often difficult to interpret their importance
and bearing in design decision making. As a consequence,visual
analysis tends to be one of the less. emphasised factors in project
appraisal.

11. There is a clear need for visual impact statements to be
presented in quantitative terms to allow unambiguous Jjudgements,
conclusions, and decisions to be made. Qualitative assessments
invite debate based on subjective grounds, and hinder impartial
Jjudgements. (HICK80) p.77

12. Objective visual impact studies, as part of an EIS, will:
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i) reduce the amount of time at inquiries debating
over éxpert opinions concerning visual intrusion.

ii) reduce scepticism over the accuracy of visual
impact techniques used in public inquiries,and
by the same token increase confidence in decision
making based on visual assessments.

13. There are three main points which may be learned from U.S.

experience.

i) It is essential to define as precisely as possible
those projects for which an Environmental Impact
Statement (EIS)will be required.

ii) There must be a monitoring, advisory body having the
duty of checking each EIS and publicising its essential
and more significant features. Such a committee might

advise on the content of an EIS.

iii) It is also necessary to ensure that each EIS is pre-
sented in a concise, readable and readily intelligible
form. 5000 words is a suggested maximum, ensuring a
succinct presentation of each impact (GARN79).

1.4 Conclusions

This chapter has summarised, under three headings

i) Urbanisation
ii) Planning
iii) EIA legislation.
the main factors in the emerging problem of visual intrusion in

many sensitive landscapes in the U.K. to-day.
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i) Clearly the need for energy-related developments
will increase towards the end of this century and
likewise development pressures for transportation
and leisure facilities will continue to place

greater threats on the Tland.

ii) Many would now advocate the need for some form of
EIS procedure or updating of the existing planning
procedures for large scale developments. This would
place a demanding burden on existing methods of
visual assessment with respect to the rigorous and
comprehensive assessment of alternatives and the ex-
plicit statement of reasons for rejecting or develop-

ing certain design options.

fii) Increasingly scrupulous local public inquiries are
insisting on more explicit information and accurate
predictions of the impact resulting from design in-
tentions. Many of the techniques used at recent in-
quiries have been criticised as being inappropriate
or insufficient in the visual evidence presented. The
Sizewell Power Station Inquiry (1.2.2) is a typical
example. It would appear that decision makers are re-
questing designers to be more objective in visual
analysis and often, nowadays, cast doubt on the
applicability and reliability of traditional visual

assessment methods.

These three:factors, considered jointly, indicate that the time is
now due to reflect on the utility of the traditional methods and
speculate on the future techniques for visual assessment. Chapters
3 and 4 will review the current state of the art and chapters 5 and
6 will promote thinking in new directions for visual assessment.
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- EAPTER 2



2.1 Introduction

This chapter aims to review three fundamental aspects of the
activity of architectural desigrn in so far as they relate to the

topic of visual impact analysis:

i) Design processes
ii) Design methods
iii) Design models

In a thesis which deals with existing and new methods of visual
assessment, the place and role of techniques in this field must

be made clear. :

Firstly, an understanding of the process of design will be set out.
Methods and models in visual assessment may then be related to this
broad structure.

Secondly, the range of methods in visual assessment will be de-
scribed and related to the design process. Special attention will
focus on computer based methods and their place in the activity

. of design.

Lastly, the concept of visual modelling will be addressed, again

with special reference to computer based models.

2.2 Design processes

2.2.1  Cyclical and two-dimensional

Design processes are typically of two distinct kinds of structure;
cyciical or hierarchical. (CROS77) p.18. There is 1ittle disagree-
ment that architectural design is cyclical in nature since
architects refine, reassess and recant as solutions are elaborated
and compared. On the contrary, though,there is very little
agreement as to the description of this process of architectural
design.
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The one-dimensional hierarchical approach can be dismissed as
wholly inappropriate to describe the complex and inter-related
nature of design in architecture.. Markus has suggested, and it
is generally accepted, that there is at least a two-dimensicnal
Structure to design:

"a vertical structure of sequential design stages, and

a herizontal structure of iterative and cyclical design

procedures" (CROS77) p.21

The vertical structure will be referred to as the design process,
and "regulates the development of a design (for example from out-
line to detail proposals)" (CROS77) p.21
design process: sequential phases or steps from in-
ception to project comp]etigﬁ} from
the abstract and general to the con-
crete and particular (MARK72)

The horizontal structure will be referred to as the design
activity, and “appears within most of the vertical stages"
(CROS77) p.21.
design activity: a series of stages which lead the
designer from analysis to evaluation
and decision making (MARK 72)

In more detail the horizontal structure consists of three

recognisable stages:

i) Analysis: Clarifying of goals; identifying
problems,nature cf difficulties; ex-
ploring relationships; producing order

: from random data.
11) Synthesis: Creating part-solutions; combining part-
solutions into consistent and feasible
overall solutions; generating of ideas



iii) Appraisal: Appiying checks and tests; applying criteria,
constraints, and Timits; selecting of 'best!
solution from a set; testing for consistency.

(MARK67)

These stages are inter-connected by feedback loops, permitting the
framework to be flexible in response to given design problems; each
Pass through this horizontal structure culminates in decision making
before moving on to the next level of the vertical design process
Structure. (G12) describes this notion of the design process which
is shared by a number of other authors, e.g. Luckman and Jones
(CROS77) p.14.

P
Following the same two-dimensional approach, the Royal Institute
.0f British Architects (R.I.B.A) have proposed a map to describe the
design process (613), in which various stages of design are charted
against time. This is substantiated later in (ROYA80)p.351 where a
detailed plan of work is outlined (G14).
Both the Markus/Maver model of the design process and the R.I.B.A
Conceptualisation have received much criticism for structuring the
design process as a series of successive stages. The rigid frame-
Work of the vertical structure is notably inconsistent with design
Practice.  Indeed Duell recently identified two points of conflict
between these descriptions of the design process in theory and

Practice:

i) the design process in practice, from outline to
detailed proposals, is poorly described in the
R.I.B.A 'workstage' sequence (G14).

i) Analysis-Synthesis-Appraisal is certainly unrepresentative
of the practice of design which is governed principally by

style and philosophy.



"most designers quickly evolve a basic solution of the
building form with 1ittle detailed analysis of all the

site information, client brief, planning requirements etc.
This finding is interesting because I have always believed
in the importance of an ‘image' of a design which can

then serve as a 'structure' for the detailed analysis and
design process that follows. Without this strong image the
designer easily becomes lost in the volume of information
that he must assimilate into a building form" (DUEL82) p.23

Two further lines of investigation are relevant at this stage.

i) Why is it difficult to model the design process? and
1) What other descriptions of the design process exist?

The answer to the first question is contained in the definition
associated to the term 'design'. Bij1's definition best accounts
for the problems in modelling the design process.

“Design is not a problem solving process in the sense

of problems that have single correct solutions, nor

are design products defined by a precise anticipation

of function. Instead, design may be viewed as a task

of problem exploration and redefinition, exercising

peoples' powers of intuition and judgement" (BIJL83)

Patent]y, designing is a complex task. Shifting objectives,
Changing approaches and altering criteria for judgement; stylistic
content; the variety of correct solutions all contribute to the
difticulty in modelling the design process.

Turning to the second question, most of the other design process
descriptions favour Duell's view of 'a starting design image'. The
PDI model proposed by March shows a much greater understanding

of the design process, through both its siructure and operation,
than the two dimensional approach (MARC76) (G15).  From the
duthor's own experience of design, March's mode] is by far the
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most accurate description of the process; and this is only em-
Phasised by the threefold agreement between March's model and
Bij1's earlier definition of design:
a) design is not a problem solving activity (MARC76)
i) design problems are generally ill-defined (ARCH79a)
i) the solution space is large
b) in the course of design, a designer will redefine the problem,

refine the objectives and explore solutions.

i) detailed objectives vary during design.
i) the problem statement does not reveal the criteria
for recognising a solution (BIJL83)
ii1) design is often retrogress{ve. March, therefore, does
not indicate arrows as a direction of fiow for his
model.
¢) design is a learning process. (MARC76)
i) as the multivariate nature of design decision making
is discovered (MAVE75): i.e. the need to satisfy
various functional and performance requirements e.g.

structure and services.
i) Solutions rely on intuitive judgement and overt

knowledge (BIJL83)

One of the main differences between March's approach and the Markus/
Maver model is the fusion of the stages analysis and synthesis into
What March terms Production. This merging characterises the

Popular approach to design in that it is unrealistic to separate
analysis from synthesis. Indeed, designers hold firmly to the
belief that analysis is achieved through error in the production

of solutions, which, of course reflects the earlier established
View of design as a learning process. Eastman summarised this
Understanding of design; "there is no meaningful division to be
fond between analysis and synthesis in these protocols (design),
but rather a simultaneous learning about the nature of the problem
and the range of possible solutions" (LAWéBO)p;33. Darke also found
this tendency to structure design problems by exploring aspects of
Possible soluticns, rather than learning by explicit analysis.
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Like Duell, Darke identifies the need for a starting point; she

terms it "a primary generator" (DARK79). (G16)

Relating these concepts of design to practice, it is discovered
that March, Eastman and Darke best model what actually happens in a
design office. Mackinder and Marvin substantiated this view in the
findings of a research project published in 1982:
"The design process as observed during the case studies
followed a fairly consistent pattern. In this, an
initial concept for the building plan, form and general
construction was developed rapidly, using little infor-
mation other than the client's brief, the sité constraints
and the designer's own experience. This initial concept
was then developed and refined, using more deliberately
researched information and later modified as necessary in
response to emerging constraints and changing requirements".

(Mack82)

From the variety of models derived, the act of designing is an un-
“clear process. There are, however, three broad points common to the

Processes outlined, which describe design as leading

1. from outline solution searching and image formulation
2. to detailed design and development of a particular

scheme
3. with a host of production ( re-analysis and re-synthesis),

re-appraisal and re-decision making stages in between.

Although models such as March's most accurately define the way in
which design is conducted, they tend to emphasise the nature of the
horizontal design activity, and offer a less explicit description of
the vertical structure than in the Markus/Maver model: in fact, it
is merely defined as the cyclical nature of the model's operation.
The RIBA Plan of Work and the Markus/Maver model of the design
Process may be criticised on the grounds of their formal inter-
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pretation of an intuitive, unpredictable and often times retrg-

gressive process.

It is clear, therefore, that no description of the design process
is wholly perfect. Yet it is necessary to choose some concept-
ualisation for the purposes of this thesis. Since the author

is most familiar with the Markus/Maver model which has a more
clearly defined vertical structure relating to the RIBA Plan of
Work, this two dimensional structure of the design process will

be adopted as a framework within which to discuss the place and
role of visual assessment techniques in the act of design. Darke's
idea of desigh development stemming from a "primary generator" is not
Precluded from the Markus/Maver model; less or grsater emphasis
need only be placed on particular re-analysis, re-synthesis and
re-appraisal stages in the Markus/Maver model to obtain a reason-
able and acceptable correspondence with Darke's theory of the

design process.

2.2.2 Visual Assessment in the Design Process

Desfgn decisions made in relation to the existing and desired
‘visual environment are taken early on in the design process. At
design inception, initial ideas and reaction to the brief fre-
Quently determine the scope and stylistic development of a
solution: important visual issues may be settled at this stage,
€.9. the form and visibility of the structure and its skylining.
With increasing detail, less significant decisions are taken in
the later stages of design with regard to the general form,lay-
Out and siting of the building (G17). In contrast, the more
Sophisticated techniques for visual assessment tend to be crowded
towards the end of the design process e.g. detailed artists' im-
Pressions and physical scale models. These are sometimes specially
commissioned by clients and can be too late to make worthwhile
contributions to initial visual design decisions, e.g. form and

Siting.

Clearly there is an imbalance between the current need and
Provision of visual analysis and appraisal methods. Although
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sketch techniques exist to aid the designer in early solution
searching and appraisal, their handcrafted nature and single
viewpoint assessment militate against rigorous, comprehensive and
accurate appraisal to enable confidence in the early formulation
of design strategies and policies, and in decision making. The
implications for visual assessment can be stated:

a) A need to develop techniques for quick, comprehensive
and accurate appraisal of early design proposals.

b) A need to develop techniques which would help
establish design thresholds and boundaries describing
the visual 1imits and absorptivity of the site, eg. the
height at which a building placed in a certain location will
protrude above the background horizon may Qgridentified as
a boundary of site visual absorptivity or a threshold of
increased visual prominence; such techniques would only
seek to inform the designer of change points in the

- building/landscape relationship; boundary shifting would
still be possible to allow. design innovation.

C) Each iteration of the design activity will require
~increasingly more detailed visual investigation and
appraisal tools. Hierarchical techniques must be
developed which can adapt to the availability of resources,

eg. time, money, equipment and expertise, without
compromising on the quality of information obtained at
each stage in assessment. ‘

d) The objectives of visual investigation at each design
stage must be clearly set out. These may be largely
determined by the decisions to be made on the basis of
the results, and the techniques used.

e) Visual analysis and appraisal techniques at earlier
stages in the design process may make clearer the-



i) scale of the visual problem
i1) scope and feasibility of solutions, from a
visual impact standpoint.
ii1) and effect more objective comparisons, in visual

terms, between solutions.

The further visual assessment procedures can be pushed back up the
design process towards the early outline and formative design
stages, the more effective will be solution searching, generation
and appraisal. Particularly in the initial stages of design,
designers require a controlled flow of relevant and high quality
information concerning their proposals, as part of the learning
process of the design problem to stimulate thinking and creativity
as rewardingly as possible. The five objectives outlined above
would hope to initiate a prompt and fruitful start in understanding

the visual problems of a site and proposals e.g.

i)  determining critical building heights below

landscape horizon Tines
ii) establishing planimetric limits on site to
enable backclothing of land behind developments.
ii1)  locating critical viewpoints with maximum visual

impact.
iv)  the rapid visual appraisal of wide ranging

design proposals.
2.2.3 Visual Assessment in the Design Activity

The design activity has been defined as consisting of three
distinct phases culminating in decision-making and communication -

i) analysis of a particular problem
ii) synthesis of a solution
ii1) appraisal of the solution in terms of a set of

performance criteria

This design methodology is depicted by Maver in (G18). Nearly all



the models developed for use in visual impact studies are
appraisal techniques. Analytical procedures to aid the gen-
eration of design hypotheses are notable by their absence. The
author envisages future development in the fieldof visual assess-

ment being devoted to analytical and appraisal techniques:

1) Analysis: the investigation of the visual 1limits
of a site. For example, boundary and
threshold settings for backcloth and
skyline protrusion analysis =

2) Appraisal:the assessment of the visual form and
features of a proposal. For example the
degree of visibility of a structure in the

-

landscape.

Continuous analysis and assessment of solutions by designers,
clients, consultants and users throughout the design process,
indicates that automation may have some significant role to play
as the basis for developing techniques. Maver has reviewed the
role of computer aids in the design activity, relating three
types of computer processes to each of the three stages:

i) Analysis
Computer process: formal mathematical processes
in which relationships are modelled.

Examples : Tinear programming
Regression analysis
Comments : the generalised relationship may not

be wholly accurate of reality. Pre-
dicting from empirical data is fraught
with danger.

The Timitations of the relationship
may hinder design innovation.

57



i1) Synthesis

Computer process: heuristic processes in which
search rules are modelled.

Examples : building or site layout

Comments : Solution searching within a sub-
set of the whole solution space,
as defined by a set of heuristics
e.g. soil properties, activity net-
works, communications, can lead to
poor and unimaginative solutions.
There is a need for 'a priori'

wéighting of variables.

g

iii) Appraisal .
Computer process : simulation processes in which
solutions are modelled.

Examples : simulation models for energy
appraisal, cost and 1ighting
requirements.

Comments : heuristics and 'a priori' wéighting

of variables unnecessary
: models can be as complicated as
desired, to model reality accurately.

Computer procedures devised to aid synthesis have "serious
limitations in the formal mathematical and heuristic models used".
(MAVE70) p.204. The main reason that computers cannot be used in
design synthesis is that architecture, by definition possesses
Stylistic properties. This is a meaningless notion to the computer
Which is programmed to solve well defined problems. Thus computers
are best at analysis and appraisal; man is best at synthesis and
decision making or inductive reasoning.

The development of analysis and appraisal computer techniques for

Visual impact assessment will effect:
i) more informed inductive reasoning. Notably in rural
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contexts, resort might be made to more com-
plicated procedures of visual analysis and
appraisal due to the increased visibility
and heightened sensitivity of a structure
in the landscape, viewed from a range of

locations.

1i1) Automated appraisal techniques for visual
assessment will enable designers to evaluate
many more solutions; in particular, those
which in the past time may not have allowed

for detailed assessment. 2

iii1) The learning curve of the design problem can
rise more sharply with rapid solution searching

and testing by computer based analysis and

appraisal.

2.3 Design Methods

2.3.1. Visual Assessment and Design Methods.

The emergent design methods of the 1960s reflected the growing

Complexity of architectural and other related design work. In

architecture, the scale of development, engineering systems and
COnstruction techniques complicated the hitherto intuitive

approach of designers.

"in the complexity of most architectural situations

the behaviour may run against intuitive expectations

and become cause for surprise. And indeed as the
architectural form undergoes modification.(geometrica1
or material) then 1light, heat and sound appear to inter-
act on one another through the form." (MARC76) p.xiv
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The idea behind developing design methods, therefore,was to es-
tablish procedures for design which might be applied in the
solution of sub problems within the overall design activity; a
clearer understanding of the interaction between the design and
context varjables could then arise. Thus more rational and
structured thinking was thought to accrue in the design process.
For a time this was held to be an advantage, although a number of
notable design method proponents, e.g. Broadbent, have now recanted

on this view.

Design methods do not necessarily preclude intuitive or inspir-
ational thinking, from which all innovative design stems. It is
the author's contention that, if thoughtfully applied, design
methods will allow better value judgements to be made, particularly
in comparative situations. In themselves, design methods do not
bring improvements to the end product of design, Chey dey iy seee
to promote an understanding of the scope and mode of the visual

Problem being addressed.

The seminal work in the fieid of design methods was written by
Uones(JONESO). In his text, Jones reviews thirty five design
methods for use in any one of the three stage design process he
conceived - divergence/transformation/convergence (G19). Four
methods which Jones reviews are relevant in relation to visual

Tmpact assessment.

a) Searching for visual inconsistencies (JONEBO) p.209
The aim is to find directions in which to search for
design improvements. This is an aspect of designing
almost totally ignored in existing visual assessment

" procedures. If future techniques are to be developed,

they must incorporate this ability to search for areas
of improvement. In this case speed will be of the
essence in testing hypotheses; autgmation ought to be

considered.
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b) Systematic testing (JONESO) p.246

The aim is to identify actions that are capable of
bringing about desired changes in situations that
are too complicated to understand. This is somewhat
similar to method a) in that it involves hypothesis
testing. Systematic testing of variables, e.g. sky-
lining, by relaxing constraints(site limitations)
will affect other characteristics of the situation;
these effects may be modelled and recorded giving
the designer a feel for the sensitivity of variables
and decisions with regard to the visual cﬁgracter-

istics of the site.

Stating objectives (JONE8O) p.194

The aim is to identify external conditions with which
the design must be compatible. Quite often this is an
area poorly defined in visual impact studies. The
definition of objectives within which a design will be
acceptabk can often lead to more effective and

successful solution generation.

- Boundary searching (JONE8O) p.134

The aim is to find 1imits within which acceptable
solutions lie. The ability to carry out rapid boundary
searching procedures in design would be of terrific
benefit in visual assessment studies. A clearer under-
standing of an acceptable design solution space would
accrue, indicating the scale of the visual problem and
the feasibility of solving it given certain objectives.

These are four general methods of designing, all of which would
be difficult to find in existing approaches to visual assessment.,
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They must, however, be seen as essential ingredients to any

future successful visual assessment procedure, particularly since
they are more suitable for providing answers to questions regarding
the range of acceptable options that might be investigated, and

the reasons for choosing any particular one. Rigorous and com-
Plete assessment may take place only when such design methods can
be pursued using visual assessment tools. Their repetitive nature,
ie. incremental searching for boundaries etc.can cause over commit-
ment of time and labour resources in the course of any design
project. It will be necessary to Took to automation for acceptable

levels of resource commitment using such methods in design.
2.3.2 Computer Based Methods in Visual Assessment

There are three application fields for visual assessment

techniques:

a) As part of an Environmental Impact Analysis study. In
this case, visual assessment methods may be used
analytically, e.g. investigating the visual
absorptivity of the environment, and the degree to which
proposals will impact on the visual quality of the

surrounding countryside.

b)  As an analysis and appraisal tool for architects in the
process of design. Visual assessment techniques may be
used to appraise the visual attributes and appearance
of a particular or set of alternative proposals in a

specific location.

C) As a long term aid in visual resource management. Those
involved in large scale rural landscape alterations over
long periods of time may make continued use of such tools,
even after project completion, e.g. alternative strategies
for forestry and agricultural management programs can be
monitored, with the effects on the visual landscape being
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determined well before such actions as felling and
planting are taken: water management, mining and open

cast quarrying operations are further examples.

The underlying and essential element in the use of visual assessment
tools in these application fields is that they are predictive of
future events rather than descriptive of present conditions. Computer
methods are particularly suited to this role as predictive tools.

To Tink all three application fields by a unifying visual management
Procedure is most desirous. Computer-based systems seem best geared
to achieving this. Topographic, land-use and bu11tform data bases may
be prepared, modified and updated during the des1gn, construction and
Operational 1ife of a development. The idea of Tong-term investment in
Such data bases is only just beginning to be recognised outside

Mining and quarrying applications in Britain.

Many of the visual assessment tools developed fall into the second
Class of applications outlined above; some of those tools may also be
Used in class one. However, very few, indeed from a cost-effective
Viewpoint exclusively computer-based methods, are applicable in class
three. The notion of using digital rather than analogue techniques,
in what is a continuously changing operational data base (e.g. earth-
WOrks removal and tree growth), is wholly justified.. In addition, the
large data storage requirements, the complexity of data manipulation
and the repetitive time consuming data processing clearly support
Computer techniques are applicable. Primarily, they are best able to
Meet current needs in visual assessment for:

a) objective appraisal
b) detailed visual consideration of alternatives

¢) Justification of a preferred solution
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2.4 Design models

2:4.1 Modelling in Design

The concept of modelling has been around for many thousands of years,
from as early as the cave paintings depicting_hunting scenes. One

" basic fact concerning models has not changed since those davs, and

it is well to be reminded of it; "all models are inexact and incomplete
analogies of real life" (GEOT65). Since the 1960s a number of model
types and classifications have been devised: Broadbent (BROA73)

P.87-96 provides a helpful review of the model classes outlined by:

a) Churchman, Ackoff and Arnoff
i) iconic: e.g. an artist's impression or physical scale model.

i1)  analogue: e.g. two dimensional maps, in which varying
heights are represented by contours.

iii)  symbolic: e.g. mathematical models expressing the
relationship between parts of a system being modelled.

b) Chorley and Haggett
i)  Descriptive or predictive
ii)  Static or dynamic
ii1)  Physical or theoretical
Visual models for assessment procedures are freguently descriptive,

static and physical.

c) Echenique
i) Verbal : e.g. an expert opinion
ii)  Spatial e.g. a two-dimensional drawing

i11)  Mechanical : e.g. a three dimensional scale mode]

iv) Mathematical : e.g. a numerical model of a building systen.

Although each type attempts to model reality, the first three classes,
verbal, spatial and mechanical, are largely descriptive and static:
Whereas the fourth type may be regarded as predictive and dynamic,

T.e. predictive of the future hehaviour of a building over time and
Subject to climatic stimuli. In terms of visual asssssment, the first
three classes comprise the traditional techniques and models used;
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class four, mathematical, is least developed and could provide
designers with a new generation of modelling aids in visual assess-
ment, in the same way that this has happened in the field of energy

appraisal in buildings.

Summarising these model definitions and classifications it is
possible to contrast the existing and emerging characteristics of

models for visual assessment.

Traditional models New generation models

verbal/spatial/mechanical numerical/mathematical/spatial

simple complex
descriptive predictive

deterministic probabilistic
static dynamic

materials/paper-based computer-based

2.4.2 Modelling at the Natural/Built Environment Interface

The ability to predict, and to some extent experience, the con-
Sequences of design proposals in terms of eg. aesthetic, functional

Or cost performance is a key factor in successful design solution

searching. In architecture there are a variety of models which

enable prediction e.g. physical scale models for structural, visual,
lighting and wind studies, and complex mathematical computer models
for costing and energy studies. While there are many highly
Sophisticated computer-based models for investigating the relation-
ship of building properties, existing methods for visual assessment
tend to be manual and openly subjective interpretations.

From a modelling viewpoint, there are two components to visual

analysis.
i)  Natural Environment
ii)  Built Environment
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The visual assessment of hypothesised solutions is that act which

takes place at the natural environment/built environment interface,

to understand the complex and dynamic visual relationship that
exists between the landscape and man made $tructures. This is em-
phasised when dealing with buildings in sensitive rural settings.
(G20) outlines how the notion of mode11ing fits into the natural
environment/built environment interface and how different models

are used to gain insight into such dynamic relationships as energy,

cost and visual impact.

The natural environment system includes those characteristics of

the site which form the visual.appearance of the area:

: topography o
: landscape vegetation
: climate

These factors will influence the outcome of a particular design

solution. In addition they describe the visual quality and character

of the context for design.

The built environment system comprises buildings, roads, dams etc.

Such structures affect the landscape and microclimate as much as

they are affected by it.
As described above, the existing natural and proposed built enviro-
ment characteristics inter-relate as two dynamic systems during the

design process; on the one hand, climate and vegetal growth vary,

while on the other, the activity of design to create the built en-
vironment fluctuates widely in solution searching. It is clear
therefore, that the concept of modelling is of vital importance in
understanding the complex interaction between the natural and built

environment. In the case of visual assessment there are very few

techniques which apply rigorous appraisal to this fundamental yet
complex aspect of architectural design. What is required is a
highly flexible yet sensitive set of visual modelling routines to

effect design objectives, either contrasting or harmonising the
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building in its landscape setting. This is particularly pertinent
in the rural context where the amelioration of a design to its

surrounds is more difficult to achieve.

2.4.3. Geometry - a key issue in modelling.

Almost all the various modelling procedures used in architectural
design are based on some geometrical description of the building

e.g.

i)  geometry of external form: this may be used in
visualisation, wind and shadow plotting exper-
imentations. P '

i1)  geometry of spaces: this may be used to assess
plant 1oading, lighting requirements, cost/m2 etc.

iii) geometry of construction: this may be used in

structural, thermal and services design within

the building.

Since geometry is central fo all building calculations, the cost
‘effectiveness of storing building geometry by computer is high,
especially when visual, envircnmental, functional and structural
appraisal is required. The key role of form in appraisal is out-
lined in diagram (G21).in which four computer programs developed
at ABACUS (Architecture and Building Aids Computer Unit Strathclyde)

Department of Architecture and Building Science, Strathclyde

University are identified:

GOAL: General Outline Appraisal of Layouts.
functional, environmental and financial
assessment conducted on form and fabric input

(SUSS8T)



ESP:  Environmental Systems Performance.

Thermal and plant load calculations within
buildings; conducted cn form and fabric
input (CLAR82) _

BIBLE: Buildings with Invisible Back Lines Eliminated.
Monochrome wire Tine perspective drawing
program;  operates with form and viewing
parameter inputs (SUSSSZ)-

VISTA: Visual Impact Simulation Technical Aid
colour perspective drawing program, operates
on data from BIBLE and colour surface
specification (STEA83)

It may be construed from (G21) that it is perfectly feasible,i.e.
at very little extra cost and labour,to initiate an appraisal of
the visual implications of design intentions, having perhaps
originally only described the building form to appraise the thermal
performance. There is a hierarchical relationship to the three
types‘of geometries described earlier; this structure is outlined
in the left hand portion of (G22). There is a corresponding
hierarchy in planning. In this case, however, the geometry is that
of the topgraphy and land use elements in the study area.

This notion of geometries being structured in successively more
complex detail can be seen to relate to the progressively refined
geometries of building and landscape design as the design process
aavances from outline to detailed specification. The topic of
Visual assessment ought then to be seen in relation to other
appraisal tasks; ideally as one component of a much larger computer-
based system addressing other building aspects e.q. energy and cost

performance.

2.4.4 Visual Modelling

Turning to the topic of visual modelling in architecture, this may

be described as the ability to visualise future design proposals in
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two or three dimensions, with the purpose of permitting an

aesthetic judgement. The simplest level of this visual commun-
ication consists of the standard architectural presentation

drawings of plans, sections and elevations i.e. orthographic
projections. Despite the high levels of accuracy required in these
drawings, the two dimensional representation of space is not readily
understood by a lay audience, and additional pictorial evidence is
often necessary for adequate explanation. This is usually in the
form of sketches and physical scale models. The different modes of
visual communication in architecture may be summarised.

a) Two dimensional presentation

i)  2-d building representation
:orthograpﬁic projections
ii)  3-d building representation
:Isometric/Axonometric/ObTique projections.
: Perspective projections
- artists' impressions
- photomontages, e.g.

photomontage panorama, e.g. Gordon Graham
and Partners for British Gas (GRAH77)
(G23) (G24)

Stereo image viewing

b)  Three dimensional presentation.
i) Physical scale models e.g. Physical Model/Site

Photograph Montage. A system developed by A.C.
Murray for power station siting. A colour slide
of the site is simultaneously projected on to a
screen with an image of the physical scale mode]
taken from the same view direction (MURR67) (625)

and
"Drive-thru simultations using a modeiscope,as at

the Berkeley Environmental Simultation Laboratory
at the University of California (G67)

ii) Laser beam holograms
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2.4.5 Visual Assessment

The techniques outlined in 2.4.4 are essentially descriptive of
the building or structure. There is a second generic group of
techniques used in visual impact studies which addresses itself
to more general questions of building intrusion on the surrounding
landscape e.g. the visibility of the structure, and the extent to
which it is backclothed by hills. Such techniques may only model
a very simplistic description of the building e.g. its height, in
contrast to the wealth of information also required to describe
the surrounding topography. There are a number of such techniques:
a) Helium filled balloons. Used on site to simulate

to height of a chimney or pylons. qgservers may

tour the surrounding area to establish the

visibility of the balloon (simulated structure).

(BURESD) p.37 (G26)

b) Subjective Field Judgements
Qualitative assesments of the landscape e.q.
Manchester University Landscape Evaluation Project
(MANC76). This technique and other landscape
evaluation methods are well summarised in (LOVE73)

p.17-50

c) Visual Intrusion Contours
Contour mapping based on calculations for the solid
angle subtended by objects from viewpoints. Typically
this would be applied to assess the intrusion of a
highway (TRAN76) Appendix (G27),

d)  Zone of Visual Influence
R.L. Hebblethwaite, Central Electricity Generating
Board (HEBB75) (G28) (G29)
e) Visual Intrusion Index
R.G. Hopkinson (HOPK71) (G30)
f) Isovist Visual Assessment
A.C. Hardy and C.R.V. Tandy (TAND75) p.75 (G31)
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g)  Zones of Visual Proximity
A technique devised by William Gillespie and Partners

and used in the visual assessment of pylon lines for
the South of Scotland Electricity Board.
i)  Zones of visual proximity to pylon lines

determined.

i1)  Field assessment:
: choose observation points
: locate object in view
: assess impact effect
(WHIT81) (G32)

2.4.6 Computer-based models

Computer-based models in visual impact assessment fall into two
broad classes :
i) visualisation of buildings/topography/vegetation.
(TAND75)p103 (BENS77) (ERVI82).
(G33)

ii)  mapping of the visual characteristics which
buildings impact on the surrounding
countryside, eg. visibility or skyline
protrusion. (HEBB75) (BURES80).

(G34)

Visualisation may be subdivided into two sections ; simple mono-
Chrome wire line perspectives, and fully coloured and textured
Visual simulations.

During the course of this thesis the author was privileged to have
access to three computer programs, covering the range of applications
listed above :

i)  visualisation

a) BIBLE (Buildings with Invisible Back Lines Eliminated).
wire line perspective drawing program (Suss82)
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b) VISTA (Visual Impact Simulation Technical Aid).
colour/shadow/textured perspective drawing program.

(STEA83)

ii). mapping
c) VIEW
a suite of programs used for visual analysis, and part of

a larger land use planning program. The key element in
the suite of programs is the Digital Terrain Model (DTM)
upon which calculations are based. ( AYLW82).
P
Both BIBLE and VISTA were developed at ABACUS.
The suite of programs known as VIEW was originally developed by

Turnbull and Dwyer in the early 1970s at the University of Southern
California. Since then VIEW has been further developed.and modi-
fied in Scotland. Initially, through Design Innovations Research
(DIR), a partnership involving the late Prof. Graeme Aylward and
Mark Turnbull; currently, research and development of VIEW is

. undertaken in the Turnbull Jeffrey Partnership (Planners, Architects

and Landscape Architects) in Edinburgh.
These computer methods and the manual techniques outlined previously

are classified by the author in (G35)

The advantages of modelling building and topographic geometry by

Computer are numerous

i) a greater number of proposals may be assessed, encouraging
experimentation in design solution searching.

ii) a host of building and topographic appraisal packages may be
applied, eg. energy, layout and costing in building; and
drainage, road alignment and earthworks in landscaping:
these in addition to visual assessment.

1i11) the scale and complexity of problems dealt with by computer
methods is far superior to human capacity.
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iv) objective information is provided enabling designers to make

more informed decisions.

V) computers are bestsuited to well defined repetitive numerical
tasks which typify hypothesis testing in design assessment.

Other benefits will be cited and discussed in chapter three under
the comparative evaluation of visuai-modelling techniques.

2.5 Summary

The place of Qisua] assessment methods and models in the design
Process framework is summarised in diagram {G36). The underlying
Structure is the Markus/Maver model and the R.I.B.A. workstage
Process. Special reference is made to computer-based methods and

models.
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3.1 Introduction

In recent years, the development and use of a range of visual im-
Pact assessment methods has been stimulated by two main factors,
made clear in chapter one:
i) the increased scale of human intervention on the
landscape.
i1) the inadequacies of verbal 'expert' evidence at
inquiries; objective and pictorial evidence being
conéidered more helpful in understanding the scale
of visual impact and in decision making.

At a time when there is a critical and 1nEFeasing]y demanding public
€ye on the impact of large scale building operations, it is expedient
to review the techniques currently employed for visual impact assess-

ment.

3.1.1 Chapter Objectives

The intention of this chapter is, through the use of a case study

approach, to evaluate the merits and shortfalls of manual and com-

Puter-based tecnhiques for visual assessment. To date there has

been no systematic effort to conduct. such an appraisal,although

a number of authors have written about the techniques available e.g
(BURESD). Piggot's thesis (PIGG79) was the first to review the
techniques under the title of visual impact assessment. However,
his thesis was written from a planning viewpoint and is essentially
descriptive and discursive; he effects no direct comparative

evaluation of the techniques in use.

3.1.2 A Case Study approach

The comparative evaluation and validation of visual modelling
techniques is a slightly easier task than that of appraising e.q.
the thermal performance of a building. Most of the visual models
are descriptive and, therefore, may be compared directly with the
real world situation which they attempt to portray. For this
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reason a case study approach was adopted. The building chosen was

the 'B' nuclear power station at Hunterston. A description of the
surrounding area, the industrial activities and visual impact of
Hunterston on the Clyde Estuary is contained in Appendix 1. The
Power station is in a sensitive coastal setting, visible from a
range of population centres at varying distances and angles. These
and other factors were conducive to a rigorous and fair evaluation.

3.1.3 Generalising from the Particular

One qualification should be made clear at this point concerning
the conclusions. With the use ofonly one case study, there is a
danger that generalising conclusions from particular findings may
lead to a narrow view of what is a very wide field of application.
There exists a whole variety of situations in which certain
techniques aremore applicable than others. However, it was felt
that the power station at Hunterston presented few modelling
problems to the techniques and, therefore, the conclusions drawn

could be seen as typical of the techniques in general.

3.2 Technigues for Evaluation

Visual models still extant from the Hunterston power station study
were collated. Although none of the techniques outlined in 2.4.5
Was used. as. a design.did at Hunterston, most of those described are
Principally concerned with either visibility or visualisation. The
focus of the evaluation then centred on the more traditional
techniques of visualisation, and the new computer-based methods for

both visualisation and visibility analysis. The computer methods

were conducted in a post hoc visual appraisal of the power station
by the author. Five methods were evaluated.

=1
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a) Sketch perspectives

b) Artists' impressions

c) Physical scale model

d) BIBLE (perspective drawing program). At the time
of this evaluation, VISTA was not available for

assessment.
e) VIEW (visibility analysis program)

The first three methods are well established techniques for
visualisation, and need no detailed explanation. The two computer
based methods require a brief description of their capabilities and

Operational procedures.

3.2.1 BIBLE

The program  BIBLE is an interactive perspective drawing package,
Providing wire Tine drawings of buildings for montaging, or to act
as the base drawing for an artist's impression. Based on a hidden
line algorithm by Galimberti and Montanari (GALI69), the improve-
ments and development of a friendly user interface by ABACUS during
the 1970s led to its uptake by many research institutes and design
practices (PARK79). The programme is written in Fortran and
Operates on mainframe (DEC System-10) and mini-computers (PDP 11/24)

Input geometry data files for processing in BIBLE may be entered

by three methods:
i) manual digitising of plans/sections/elevations.

ii) other ABACUS programs, e.g. GOAL, use similarly
constructed data files and these may be directly

input to BIBLE
ii1) Alpha numeric input at a terminal, of point,surface

and body data to specify objects for BIBLE pro-

cessing.

Pre-processing data manipulation can be effected by the program
IMBISS. Repetitive building elements may be copied from primitive
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geometry shapes, then scaled, rotated, reflected or translated to a
user defined location, e.g. within the QS grid co-ordinate system.
Data files consist of the X Y Z co-ordinates of points and how
these points reiate to whole forms (surface specification).
Initating a run of the program produces a command menu display
in the top right of the screen. The user may interact with the
program  during run time and may interrogate views of the
geometry data, as he chooses various viewing parameters in the

menu. The menu comprises:

i) general commands

HELP displays a 1ist of the commahd options -
available to the user

INPALL allows user to type in parameter Va]ues,rather
than use the screen cross hairs to indicate
positions.

TYPALL displays the current parameters

NEWFIL clears memory of old data file and prompts user

to specify new data file to be read

BYEBYE ends programme run

ii1) viewing commands

EYEP the eyepoint co-ordinates (XYZ) may be specified
for the observer/camera location

FOCUSP the focuspoint co-ordinates (XYZ) may be specified
for the point or direction of viewing

MIDP the mid-point of the picture (XYZ) may be
specified to select different windows on the scene

1i1) display mode commands

HIDDEN hidden lines are not drawn
DASHED hidden lines drawn dashed
VISIBL hidden lines drawn
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iv) projection commands

10RTHO selects orthographic parallel projection

' 2PERSP selects perspective projection (3 point)

- 3PAHOR selects oblique parallel projection on to
the horizontal plane .

4PAVER selects oblique parallel projection on to
the vertical plane

V)  photomontage commands

ANGLEV sets the viewcone angle for the observer
window o

LENSFL sets the focal length of a camera; used in
photomontage mode. This over-rides any angle
chosen in ANGLEV

ENLARG sets the enlargement factor for photomontaging:
this will enlarge the computer view by the same
amount as the site photograph negative was en-
larged to the final print.

vi) output commands

SCREEN displays the perspective on the terminal,

' typically, Tektronix 4000 series vector
(4010,4014) and raster (4027) terminals.

CALCOMP compiles a plot file for later plotting on a
high quality remote drum plotter (CALCOMP)

PLOTL  plots the perspective on a local A2 size
flatbed plotter (TEKTRONIX 4663)

OUTFL  compiles a plot file with geometry data and
viewing parameters, and allows redispiay and
reselection of the viewing window using the

program.  BIBPLT at a future date.

The output from the program may be used to form montages with site

-1
@



photographs. Computer vfews are drawn on transparent film and then
overlaid on the existing view to simulate the proposed effect of
the development in the landscape. A more complete description of
the montaging procedure can be found in (PURD83b).

BIBLE data may be applied to the colour perspective drawing pro-
gram  VISTA, developed at ABACUS by Peter 'Fox and Donald Stearn

(FOX81) (STEA82) (STEA83).

3.2.2 VIEW

The program  suite known as VIEW is part of a larger set of com-
puter programs  for land use planning, engineering, architecture
and landscape architecture. VIEW is the visual analysis section of
this program  suite. Several questionsidke posed at the beginning
of visual assessment studies:

# from where is the development visible?

# what can be seen - how much? colour and form? does it

protrude above the horizon line?

In answering these questions, decisions can be made on design ob-
Jectives and the probability of achieving them.
. There are two methods to determine the visibility of a structure
in the landscape:

a) viewing towards the site/structure

b) viewing out from the site/structure
Projects that require assessment on a large scale, typically rural
landscapes, may make use of this principle of intervisibility in

which 'if A can be seen by B, then A can see B’
Traditional visual assessment is conducted on views Tooking towards

the site: this is likely to give rise to an incomplete picture of
the general impact in an area. To simplify this checking process

and outline the general visibility of the structure over the
immediate vicinity the program  VIEW checks data points around the
site by viewing out from the point of interest. This is the fund-
amental difference in the way in which VIEW operates, as distinct
from the more traditional methods of visual assessment (G37).

The first stage in VIEW visual analysis is topographic and land-use
data capture. These data are largely based on Ordnance SurVey maps
and stereo pair aerial photographs of the site and surrounding area.

Data preparation is a semi-automated digitizing procedure at present.
79



Automatic contour following processes by laser, using maps or stereo
pair photographs, are possible and Tikely to be a more cost effective
method of data capture than manual digitizing, certainly over large
areas of ground. Data are recorded for a regular square grid placed
over the terrain; this is known as a Digital Terrain Model (DTM).

"A digital terrain model (DTM) is an ordered array of numbers that
represents the spatial distribution of terrain characteristics. In
the most usual case, the spatial distribution is represented by an
XY horizontal coordinate system and the terrain characteristic which
is recorded is the terrain elevation, Z .... Recent literature
has referred to these distributions as Digital Elevation Models
(DEM) to distinguish them from other models which describe different
characteristics of the terrain.... ‘It is important to note that
characteristics other than elevation may also be included in the DTM.

These characteristics may include such items as land value, ownership,

soil type, depth to bed rock,land use, etc." (DOYL78) p 1481.

Different kinds of digital terrain model exist. These are classified
in (G38); examples of each are shown in (G39). Applications of terrain
mode]]ing are numerous:

' # open cast surface mining operations, volumetric calculations

and site management (MALL77).
# vradar visibility studies. (DOYL78)(0TT078)(G40).
gravimetric analysis in connection with mineral and oil

prospecting. (0TT078).
correction of remote sensing data. (0TT078).
4 terrain simulation for flight simulation systems and

military applications. (G41)(DOYL78).
# physical planning activities, eg. forest management programs

and water management. (G42)(DOYL78).

In order to determine the most suitable DTi.type. for a particular:+
application, three points must be considered:
a) the purpose of the DTM

b) the type of terrain
c) the equipment, time, data source and processing power available
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For the purposes of visual assessment a regular square grid is
acceptable.  The use of contour information creates unnecessary

data storage: the use of irregular grids often does not match with
land use patterns and certainly results in variable topographic
accuracy in different directions across the DTM.  The scale at

which DTMs are constructed in visual impact studies is greatly
influenced by the terrain type; the point density of the grid is
normally adjusted to accommodate landscape variations. Point density
will be taken up later in the Chapter. VIEW operates on topographic
and land-use data gathered in a regular square format grid (G43).

The elevation height at each grid intersection is input sequentially;
this obviates the need to store planimetric information. Topographic
data is recorded as a set of Z values in matrix format (G44);
likewise, land use data for trees, buildings, etc. is étored in a
formatted matrix. In addition to visual analysis, the data as they

stand may be used to assess:

# earthworks calculations

# road alignment

# the effect of tree growth
# slope analysis

# drainage analysis

# sun/shade analysis

The variety of applications is a significant and attractive reward for
investment in the compilation of a site DTM.  The grid used in VIEW
is based on a geographic coordinate system, with the origin in the
Upper left hand corner of the study area; 1in any such matrix there
are I rows and J columns, numbered from the origin (G45).

Having selected a suitable grid size in accordance with required
éccuracy and terrain type, elevation and land use data matrices may be
interpolated from, typically, 0S maps and stored on the computer
System for preprocessing error checks or further data manipulation
before initiating the main processing programs VIEW1 and VIEW2. The
data collection procedure is summarised in (G46). Pre-processing

Programs include:
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INSERT :  allows the insertion or concatenation of small data sets
to form larger matrices; specification of matrix size and

location in larger data set required.

CHECK : checks the elevation data matrix againstvuser specified
maximum slope between any two grid intersection points,
and lowest and highest elevation values. The program
identifies gross errors in the elevation data matrix.

DIGERR :  calculates the average, minimum and maximum elevational
error for a chosen set of points within the data set, e.4.
actual Bench Marks and Spot Heights on 0.S. maps may be
compared directly with the interpolated height in the

digital terrain model.

IDGEN : generates an integer matrix from an elevation matrix of

real numbers.

HTADD : defines height additions, e.g. trees and buildings to be
added to an elevation data set using an integer overlay

data matrix.

CHANGE : allows point row or matrix alterations to be made to data

sets.

INTERP : creates data sets by interpolating from existing, larger
matrices according to user specified parameters.

ELGRID : plots to user specified scale a grid with existing elevation
data for each grid intersection.

PART : partitions smaller data sets from a larger matrix for

processing.
STRING :  converts string formatted data to F or I formatted data

VALID and COORD: validate the user defined value at each coordinate
point in the matirx.
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Having located the object of interest in the modelled terrain, the

VIEW programs are ready to run:

VIEW1 : didentifies areas of visibility from a user specified
observation point. The program is based on a DTM and
checks each grid cell for visibility.from the viewpoint.
The cells may be listed alphanumerically or plotted in
binary map form (0 = invisible cell,1 = visible cell).
Several viewpoints can be assessed and the resulting
visibility matrices concatenated to show how often cells
are visible; visibility contours may then be generated.

(TURN82a).

VIEW2 :  identifies areas of visibi1ity§‘percentages of vfsibi]ity;
areas acting as backcloth; and the percentage visible above the

horizon of structures from user specified observation points.
The program is also based on a DTM and is a development of

VIEW1. (TURN82b).

The procedure employed by VIEWL and VIEW2 for checking visibility is
summarised in (G47)(AYLW77).  Corrections for earth's curvature and
light refraction are accounted for in the running of the programs;
these are important in large scale analysis. The VIEW programs

Check the visibility of each grid cell within a certain viewing cone
and up to a certain distance from a user specified observer Tocation;
this 'window' on the environment is user-defined, in which an operator

may choose:
the vertical and horizontal ¢1ipping Tines in the visual field

of the observer.
the radius or limit of visibility. (G48)
The concepts of % visibility and backcloth, which form part of the VIEW?
Processing capability, are outlined in (G49a-c).
a) % visibility of objects.
b) % visibility of objects seen above the horizon line.
C) area acting as backcloth to the development,
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There are three output programs which:

i) display the results of VIEW processing.

SYMCON
: plots a contour map to a user specified scale with the option

of overlaying symbols on the map, typicaliy, land use data or
visibility map output from the VIEW proéessing programs. {G50).
The program may plot only:

# the symbols

# the grid

# the contour map
or any combination of the three (TURN8la).  The symbol overlay

may be in colour.

i1) describes visually the input . landform data set.

PERSPX
: generates perspective projections of the DTM; the output is

monochromatic (TURN79)(G51)(G52).

1i1) interrogates the topographic and land use data.

SECT
: prints or plots cross sections through DTMs, using grid

intersection points and interpolating elevations at other
intersections with the grid lines (TURN81b).

A11 the programs in the VIEW suite are written in FORTRAN and operate

Oon a number of computer systems, including mainframes
(DEC System 10, IBM 370) and mini computers (PDP 11/23).  The user
may run the programs interactively or in batch.

3.3 Evaluation Criteria

In order to effect a fair and unbiased evaluation of the five chosen
techniques a set of performance criteria, encompassing the important
aspects and considerations in visual modelling, was determined. The
Criteria both highlight strongpoints and expose weaknesses in each

technique.
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Criteria:

) Flexibility
Design value
Data acquisition

Time
Cost
Communicability

)
)
)
) Accuracy
)
)
)
) Accessibility

Obviously, many of the groups will be inter-related, some more so than
others; however, a definition and statement of purpose for each of the

eight group headings follows.

3.3.1

Flexibility

Incomplete coverage in visual analysis studies results in
underdeveloped design objectives and guidelines and can lead
to unstructured solution searching.  The term flexibility
should be an essential feature of each technique; it relates
strongly to the iterative solution searching procedure of the
design process. In detail, flexibility refers to the
adaptive capacity of each technique to

) appraise alternative solutions quickly,
ii) from a range of viewpoints,

) in different climatic conditions,

) with changes to existing landscape, built form or
topographic features,
v) and to what extent muitiple use might be made of the
data used in the technique

These may be referred to as:

i) Built form

ii) Coverage
i11) Environmental conditions
iv) Context

v) Multiple use.



A high degree of flexibility within each technique is required if it

is to be acceptable as a robust design investigation tool.

i) Builtform
As a designer works through the various stages of the design

process from outline proposals to detailed drawings he will

require to appraise the solutions which he proposes at each

stage. In order to do so as profitably as possible, even from

the early stages, he will need techniques not only flexible

enough to appraise the wide range of alternatives he generates,

but also sufficiently objective to derive worthwhile results

for decision making, giving direction to the whole design

process. _ -

This section on built form flexibility aims to assess the ease with
which each technique can be used to investigate a variety of

building solutions proposed.

i1) Coverage

Coverage relates to the area under study. Assessment will be

made of how each technique may be used to investigate the

visual impact of design'solutions from viewpoints within the

study area.

Tradﬁtiona1 methods eqg. artists' impressions usually involve

only a limited number of viewing locations: there is a

threefold criticism of this approach to visual assessment:

a) investment/return imbalance; in which a great deal of time
and effort is expended for the return of only one view of the
proposed building.

b) that a single view of a complex development is inadequate to
fully explain design intentions.

c) very often view points are chosen to enhance a building's
appearance, rather than highlight visual problems.

Full coverage for visual assessment must inciude appraisal from:

a) Population centres : residential/industrial/leisure/

scenic viewpoints etc, no. of
people and activity patterns.

b) Transportation networks : roads/railways/ferries etc. size and

frequency of use.
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111) Environmental Conditions
This section will assess the degree to which each technique
might successfully model the effects of climatic, seasonal
and diurnal changes on design proposals. This area of visual
simulation is specially important in appraisal where visibility
may be determined as much by the climate in an area as by the
topography or vegetation. The effect of environmental
conditions on visibility is extremely complex; (G53) attempts

to outline this relationship.
eg. Visibility may be determined by vegetal growth which is

controlled by climate through seasonal variations.

It is possible for a building to be hidden or visible
through an intervening tree belt as the vegetation
alternates between winter 1ransparency and summer opacity;
these seasonal variations will also bring colour changes,
from lush summer greens to autumn browns, creating ever
changing visual environments which the designer must be
aware of in order to propose sympathetic or conspicuous
solutions, whichever he desires.

In particular, the localised variations of microclimate
will directly influence visibility and vegetal growth.

Sea or coastal fog is one such cause of visibility
reduction. In addition, the topographic configuration of
an area may effect the microclimate, resulting in extended
periods of vegetal opacity where the vegetation is sheltered

from the autumn winds.
The climatological characteristics of the Hunterston area

are summarised in Appendix 2.

iv) Context
Context refers to the adaptability of each technique for use in
rural or urban situations, and attempts to assess the ease with
which it is possible to simulate changes to existing landscape
or topographic features,eg. could the technique be used to
simulate the effect of a ten year tree planting strategy to screen

a development.
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Certain techniques are more suited to urban simulations than
rural or coastal long range visual assessment. Therefore,
distinction will be made between those techniques which assess
in detail the appearance of buildings and those which attempt

only to appraise general visibility in the study area.

V) Multiple use
A number of the modelling techniques to be studied may have
applications outside use in visual assessment.  These further
capabilities will be identified under the heading 'multiple use'.

3.3.2 Design Value

¥ s

This section is concerned with identifying the role of each technique
as a working tool in the design process.  Many traditional methods

of visualisation are crammed intc the final stages of the design
process, eg as final presentation drawings or models. Sketch
perspectives may have been the only means of visual appraisal
undertaken previous to final presentation. In an urban setting this
may be sufficiently accurate to give a reasonable impression; however,
in a rural environment the complexity of topography, landscape and
bUi1ding location may lead to inaccurate, probably misieading, early
sketch impressions. Ultimately, the usefulness of a technique will be
reflected by how much attention is paid to its findings in suggesting

alterations and improvements to the design.
3.3.3 Data Acquisition

Data acquisition refers to the collection of all the necessary
information required to undertake each technique. The purpose of
this heading is to investigate the ease with which this can be done,
and how time and cost can militate against the use of certain
techniques in the collection of detailed information.  Data
acquisition is very strongly related to graphical accuracy since the
More information one has about a projéct, the more detailed the

technique can be.
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This section will also examine the time at which data is required

for each technique; for some it may be at the very end of a project,
as in the case of a final artist's impression, others may use data
generated throughout the course of a project and again others may
require data at the very beginning of the project in order to make

some critical first level design decisions perhaps concerning location,
orientation and scale. The timing of data requirements is indicative
of the usefulness of the technigue being employed.  New methods of
Visual assessment must be capable of handling both crude design data

as well as detailed information in ordef to maximise application and

usefulness.

3.3.4 Accuracy
£e 5
The principal test of a modelling technique must be its reliability
and effectiveness as a tool for predicting future.reality.  Thus, the
more accurate a model:
i) the better chance of achieving design intentions.
i1) more structured solution searching will accrue.
ii1) better informed design decisions can be made.
Traditional methods of visual assessment have been the object of
heavy 6rit1cism in recent years, rotably at public inquiries where
théy tend to lack credibility. A typical example of this may be
found in the inquiry held in 1974 for the Torness nuclear power

station. (BELL74).

"Productions A7 and A8 (artist's impressions) of the South of
Scotland Electricity Board tend to minimise the visual impact

of the proposed station. These productions were meant to portray
the layout shown on production A2. On site inspection, siting
poles were placed on the foreshore to correspond with the buildings
on A2.  Mr Lobb (the architect) agreed with me (the reporter to the
inquiry) that by error the buildings shown on the artist's
impressions on A7 and A8 were sited about 100 yards further inland."
(BELL74) Paragraph 20, page 60.
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And again, in an urban setting:

"Richard Roger's drawings for the Coin Street scheme are 'grossly

misleading' according to the Coin Street Action Group which is

opposing the Greycoat scheme. On the basis of the drawings the

average height of the offices appears to be between nine to 11
storeys. But, claims the action group, the real figure should be
at least 13 if not 14 storeys. The drawings, it says, under-
estimate the bulk of the proposed buildings by 30 per cent."

(ARCH79b) p628

These are not isolated cases, as explained by the Royal Fine Art

Commission for Scotland.
F ;'

"A most serious criticism of designers is that much of the illustrative

material presented is poor, and therefore can confuse or mislead

Planning Committees.....
Reference is made to an Aberdeen presentation in which a highly

detailed drawing was 'grossly out of proportion'.  The submission
for another building, now constructed in Woodside Crescent, Glasgow,
caused concern. The scheme was described as 'very ugly' and the
presentation considered to be 'worthless' due to inaccurate
dimensions on an elevational drawing, and a 'discrepancy in the
illustrations of relative building heights'." (PROS83) p4.

This section on accuracy will examine the degree of credibility that
can be associated with each technique as regards its capacity to
portray a proposed building in two or three dimensions, on paper.or
through a physical model, in terms of its correct X, Y, Z Tlocation,
perspective and scale.

Accuracy is a key aspect of visual assessment in so far as designers
With no confidence in the graphical fidelity of a modelling
technique cannot hope to take meaningful decisions or make clear
recommendations. A1l methods of visual assessment will have some
measure of inaccuracy; it is vital, therefore, to have some objective
indication of that inaccuracy and the extent of the maximum error

incurred when using each technique.
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3.3.5 Time

Model1ing techniques have different time scales from inception to
completion. This can vary from a single day for a sketch to several
weeks for a site model of the area. '

The time taken for each technique will be assessed under two sections:

i) time for data collection and preparation.
ii) time for simulation eg. the act of drawing a perspective.

3.3.6 Cost

This criterion aécounts for the financial investment required by each
technique, and assesses the cost effectiveness 0f each to design
practices. Four sub-sections of cost will be appraised:
i) man hours .

) equipment
iii) materials

) running cost (of maintaining availability of technique

in design office.)

It will be particularly important to establish the cost effectiveness

of. the new computer based methods in practice.

3.3.7 Communicability

The success of different visual assessment techniques may be measured
by their ability to communicate design intentions to a client or lay
audience without misleading or harmful distortions of information.
Often viewing methods give rise to incorrect assessment; these may -
i) incur perspective or other optical distortions.
ii) restrict the horizontal or vertical angle of view.
iii) indicate a misleading scale.
iv) focus interest unduly.
The typical rectangular format of a photograph or drawing can result
in a distorted impression of the scene by:
i) emphasising the foreground disproportionately.
ii) reducing the significance of background hills, and

distant objects.

<
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The use of a television screen as a viewport for presentation has

9ained acceptance in recent years, being a readily identifiable

format for viewing. Bearing in mind these and other communication

factors, it is hoped that this section will establish the problems
€ncountered by each technique in presenting an unbiased view to the

public.

3.3.8 Accessibility

In many cases, architectural firms employ the skills of a specialist

Or consultancy to undertake the work of visual modelling eg. model-

makers and perspective artists. This section on accessibility refers

to the availability of these specialists to practice, and seeks to

_identify the skills and equipment necessary to execute each of the

five.methods in the study. It is not uncommon for practices to have

in-house expertise on perspective rendering and certainly the
accessibility in this case will contrast quite markedly with access
to computer systems for some of the Computer Aided Design (CAD)

Programs studied in the evaluation.

3.4 Hypotheses

A number of hypotheses were proposed at the outset of the evaluation.
These hypotheses fall into two categories, general and performance

hypotheses.

3.4.1 General hypothesis

That
i) traditional manual visual modelling techniques such as

artist's impressions, are not particularly suited to the current
need of rigorous visual analysis, especially in the preliminary
stages of design, and that

11) a move towards computer-based techniques is inevitable to present
more comprehensive and objective visual impact appraisals.
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3.4.2 Performance hypotheses

That

i) The role of manual visual modelling techniques is one of final
design presentation rather than of interim design analysis and
appraisal.

i) Computer-based techniques are more suited to large scale visual
assessment; manual techniques are best at solving specific
design problems from specific locations.

LARD) Perspective drawings are always susceptible to the impressionistic
hand of the artist, causing either unknown inaccuracies or,
sometimes deliberately prejudiced illustrations.

iv) Investment of time and cost is not necessarily proportional to
the quality or quantity of the results achieved in each technique.

V) Communication of design intentions at public inquiries may be
-improved through the use of more reliable and informative
computer-based methods.

Vi) The use of computer aided design (CAD) methods for visual impact
analysis is often hindered by the uncertainty of program
capabilities and application by design practices.

3.5 Sketch Perspectives

3.5.1 Flexibility

-Four sketch perspectives of the proposed power station at Hunterston
were drawn to indicate initial proposals (G54a)(G55a)(G56a)(G57a).

Coverage

(G58) depicts the position and angle view of each sketch, outlining

the visual coverage of the technique. Coverage can be quite extensive
Using this method, however, this must be weighed against the accuracy
and usefulness of information to the ongoing design activity. The
locations for perspectives, may, however, only be guessed from the
designer’s own knowledge of the site and previously identified

Critical views. Equally, there may be other, as yet unidentified
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views not included for analysis; there can be no guarantee that all
the important viewpoints will be found by site inspection and map
reading. The degree of coverage, ie. the number of views, wiil be
Predetermined largely by population centres, transportation networks
and leisure places in the vicinity. The balance of effort, time and
cost to produce the perspectives is favourable; however, it is not
Tikely that this outweighs the need for veracity in the image. The
fact that a series of sketches can be produced relatively cheaply is
~an advantage, if a general impression is only required.  The method
must be considered flexible in terms of its coverage of the study area.
Coverage may be restricted by the need to show landscape features in
the scene which can help in the construction of the perspective.

Builtform. -~

Although sketch perspectives allow a relatively quick method of
investigating different designs, their accuracy is suspect. This
tends to outweigh the method's ability to apply rigorous appraisal

to alternative solutions.
Context.

The context is best modelled using photographs in a photomontage
sketch presentation. This is common in townscape studies. The
four sketches of the Hunterston proposal depict the context rural
landscape in a very stylised manner, likely only to have real

significance to the drawer himself.

Environmental Conditions.

Manual sketching techniques can provide some feel for the effect of
climate on views of a building. In the'case of Hunterston this was
not attempted. Clearly, the sensitive use of a drawing pencil can
indicate the vagaries of climate. Photomontage sketches remain the
best method of modelling environmental conditions.
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Multiple use.

The sketch perspective technique cannot be used for other apprajsal

Purposes.

3.5.2  Design value

By the very nature of its appraisal capabilities, sketch perspectives
are usually only applied in the early stages of design. As a Speedy
method of visualisation it is normally used to:

i) give impressions of the visual impact in an area:

11) assess first order design decisions concerning massing, position

and orientation on site. . "

Although this is a well established technique, its utility in visua]l
assessment is limited. This is due to the fact that sketches are
€Ssentially a personal interpretation of a design future. The
idiosyncrasies of a drawing prevent objective assessment.  Sketch
Perspectives best contribute to an understanding of the form of
development from chosen viewpoints, indicating visibility, the
amount of skylining and scale in the landscape. Used in a
Photomontage mode the technique can depict a high degree of realism.

3.5.3 Data acquisition

The information required consists of three types:
a) Maps of the area to assess impact and visibility and choose
View positions.
b) Drawings - Sketch or Outline proposals for the building itself.
¢) Set of Photographs from a range of viewpoints.
Very little data is required in addition to information quite
likely already gathered for design work. This Tow level of input
data to the modelling technique reflects the degree of accuracy and

detail which an be achieved.



3.5.4 Accuracy

Sketch perspectives are not noted as highly accurate renderings.

Their function as an early design tool very often results in their
designer's aim rather than as part of
Nevertheless, a fair degree of
ectives are to be realised. A

being impressions of a
an accurate visual assessment.

accuracy is required if design obJ
ased on a photograph can best bring accuracy

The success of the designer drawing

photomontage or sketch b

to the context environment.
his proposal in that context will be a function of his skill and

understanding of perspective, knowledge of his design, and locational

cues in the photographed scene for locating the building sketch

properly. To evaluate the accuracy of the‘ipur sketches drawn for

Hunterston, photographs were taken from similar viewpoints.
(G54b) (G56b) (G57b).  The view (G55b) no longer exists.

1. View from Millport (G54b)
# Landscape features (coastline/promintory/hill profile) accurately

depicted.
# The emphasis on edge and line boundaries can be misleading, eg.

the pylons to the left of the B stationare only faintly visible
in the photograph.

# The location of the building and its profile against the horizon
on the photograph and the sketch are in marked contrast.

2.  View from Burnfoot, Fairlie. (G55b)
# This view no longer exists.  The BSC terminal obstructs views of

the power station from such locations, south of Fairlie. This
is a limitation on this technique in that existing views can only
be drawn. Trying to predict the view, eg. after earthworks
removal is possible, but susceptible to error. Digital methods,
ie. computer-based techniques,are equipped to tackle this type of
problem more readily than manual perspective methods.
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3. View from Gull's Walk. (G56b)

# This view has a good degree of accuracy in both the context and
building rendering.  In comparison with(G54 ), however, there
is a 25% increase in building porportion.  This type of
discrepancy is certainly not helpful to the design decision
process. Even as general impressions the inconsistency between
sketches in building delineation, which is at the heart of worth-
while visual modelling, proves that significant degrees of error

can arise in sketching techniques.

4. View from Moor Road to Dalry. (657b)
# This view appears to be the most accurate of the four. — The
existing landscape, and power station locatiom:-are well matched,

- In summary, the technique is only suited to illustrate a concept, not

reality.
3.5.5 Time

The sequence of producing a series of sketch perspéctives can take
from two days to a full week. The time scale is dependent on a

Number of factors:

= building complexity

- leve] of detail and accuracy required in the sketches

- photographic processing (if photomontaging the sketches).
The activities time scale for the Hunterston sketches was:

i) Familiarisation already developed in

with site and design/ early design stages.

selection of critical

views of development.
i1) Photographs/drawings
taken from views.
1i11) Photographic processing

1 day

1 day (Outside office processing;
' colour would be longer.)

iv) Sketches of proposed 1 day

development.
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The time taken for sketch perspectives can be considered to take two
to three days, certainly no more than one week. (CART79)

3.5.6 Cost

In the main, cost will vary according to the level of sketch detail
and whether photomontage presentation is undertaken. Following
through the average time scale of activities outlined under the
heading 'time':

2 office man days (architectural assistant) £50

Photographic costs £25
This estimate of £75 for the four. Hunterston sketches is reflected

in the low quality results and performance of the drawings as a
design aid. (CART79)

3.5.7 Communicability

This technique is not particularly suited to presenting proposed
designs to lay audiences.  Sketches are impressionistic and can only
aim to depict an individual's perception of a design.  In general,
therefore, sketch perspectives are undertaken primarily as an aid

to the architect and not necessarily as a presentation technique.

How much they aid the architect in design is cpen to question,
Particularly since the accuracy obtainable is well below that

required for decision making and sensitivity analysis.

3.5.8 Accessibility

Usually this method of visualisation is conducted in-house, with an
assistant undertaking the photography and sketching.  No specialist
skills are required, and again this may reflect the low Tevel of

rigorous investigation.

3.6 Artists' Impressions.

Nowadays, most finished presentation perspectives are based on a
Site photograph of the existing view with the proposed development
Positioned in the scene. This can be achieved by two means.
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Firstly, a perspective rendering of the building and its context;

or, secondly, a photomontage presentation, in which a building may

be drawn on to a site photograph.  The second method offers more

realism and accuracy and is, therefore, frequently favoured. In

the case of Hunterston, two fully rendered perspectives were

Commissioned: these were compared with the existing views (G59)(G60).

3.6.1 Flexibility

Coverage

(G61 ) indicates the visual coverage of the impressions. As with

sketch perspectives, this method lacks an inigia] procedure for
locating the critical viewpoints other than on site inspection.
Viewing positions are usually preselected to dispel specific
Obieﬁtions or to enhance the visual appearance of a building in its
setting. The technique is rightly considered as a presentation too]
in the final stages of design, though it is often used in an

investigatory role during design. Coverage is severely restricted;

Major demands of time and finance being required for each individual
view. This may be justified for certain views regarded as
iMportant; however, in cases where there is likely to be a number of
Critical viewpoints for assessment the application of a perspective
rendering technique would be both expensive and time consuming.

Builtform.

As a technique for presenting a final design, an artist's

impression is not normally a medium for builtform solution

Searching and testing. The time taken to set up new perspectives

of alternative designs in different site locations from various
Viewpoints is a laborious process and clearly demonstrates the
traditional method of manual perspective drawing to be unsuited to the

Pressures and demands of rigorous design appraisal.
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Context.

The use of photomontaging techniques can guarantee an accurate

portrayal of the context or setting of a development. This will

have significant savings in time and cost. Landscape alterations

are difficult, though not impossible, to simulate and assess with
veracity; this is particularly noticeable in open landscapes where
there are likely to be few known features that might act as cues

for setting up a perspective.

Environmental Conditions.

Unless using photomontaging methods, artists' impressions very

_rarely recapture the typical weather conditions which a site may
experience. In the two views, (G59a) and(G60a), the sky has been
drawh in such a manner as to heighten the drama of the building in
its setting. This is a common feature in perspective rendering and

can influence the way in which the building is perceived. The use of

a series of site photographs taken in a range of weather conditions

is critical to productive visual assessment of the effects of climate

on perception.

Multiple Use.

Artists' impressions may be used for colour studies and the appraisal

of detailed design features; however, it is regrettable that the vast

and highly skilled resources of labour devoted to each view cannot

also be tapped for other purposes.

3.6.2 Design value

Detailed artists' impressions are usually commissioned towards the
end of the design process, allowing little or no feedback to the
designer to effect changes on the drawingboard. This is not always
true; some firms of designers can work closely with a perspective
artist during the design process)modifying details and design as a
result of the impressions drawn. More typically the technique is
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used at the tail end of the design stages and as such plays little

significance as an investigative or explorative design analysis

and appraisal tool.

3.6.3 Data acquisition

The data required for an artist to produce a rendering can vary from

very scant outline proposals to detailed scale drawings by architects.

Typically, an artist might require:
- # scale drawings of the design proposal.
# locational site plan indicating landscape proposals.

# photographs of the site from known viewpoints.
This type of information is readily accessible.in the course of any

_Pproject.

3.6.4 Accuracy

Many perspective illustrators seek high degrees of fidelity in their

work. Nevertheless, there is always the possibility of human error
occurring in view generation. This is an unquantifiable inaccuracy,
and has frequently raised the suspicions and doubts of planning
committees and inquiries. (BELL74)(ARCH795)(MAYC83).

A common source of error in perspective drawing is the location of

_ the development in the landscape, its positional accuracy. The
major effort in constructing a perspective lies in the placing of

the development structure in its correct relationship with the
Using analogue models difficulties arise in

s curvature and light refraction, which displace

context environment.

accounting for earth'
the perceived location of an object in the scene. This can be a

problem with perspective drawings taken over distances of two miles.
The site relationship of buildings is, therefore, often suspect and,
on occasions, exacerbated by the lack of positional cues to determine
the planimetric location in a scene. Equally questionable is the
internal massing of the development drawn in perspective. Examples

abound in which building rooflines, features or scale are
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misrepresented in impressions; sometimes on the order of the

developer, client or architect (PROS83) p4.  This interference is
often the source of suspicion. Every impression, however, by
definition contains a great deal of personal interpretation; what
may not be translated to suit personal whims is the objective
location and form of a development in its setting.

Comparing the two impressions of the 'B' station at Hunterston with
the corresponding site photographs after construction, the most
notable feature is the playing down of the background hill scenery to

heighten the drama of the buildings in front. (G59)(G60). Neither

perspective indicates the proper relationship between building and
context, depicting a quite different view froq‘that of reality and

providing decision makers with a very misleading impression.

3.6.5 Time

The time required for each drawing will be determined by the size

of the drawing, ie. A4 or Al, and the detail to be included. The
Hunterston perspectives took about 20 hrs each to complete, and

the perspective artist worked uninterrupted on the renderings.

Two thirds of the time taken for each perspective is spent in setting
up the correct viewpoint and view direction. Several rough set ups
may have to be made to obtain the desired view. This is one notable
area in which computer based perspective programs are an advantage
over manual methods. Very many views of the proposed building can
be generated by the computer and save time in the perspective

setting up process. This saving, though, is not without its draw-
backs, in that an illustrator ‘coming cold' to a line perspective
drawn by a computer, may not be fully aware of the interplay of the
building surfaces and form; time may be lost in coming to terms with
these relationships to effect an accurate rendering, which in the
manual process would only constitute one third of the time spent.
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3.6.6 Cost

The use of photomontage methods can result in substantial cost
savings, since the environs of the building are captured
Photographically. Full renderings, like the Hunterston impressions,
are costlier. There are a number of variables which determine the
Cost of perspective illustrations; these factors qualify the

normal pricing system of £/square inch.
Cost variables.

a) Medium (water colour/ink/pencil)

b) Existing features or cues in the scene to facilitate the
¥ 3

perspective construction.

€) Size of perspective. Al/A4
d) View position. (ground Tlevel or aerial view: cost increase of
50% for aerial views due to greater drawing

complexity)
e) Complexity of building design
f) Level of detail required in perspective.
g) Amount of foreground/sky/building detail in the view.

In addition to the £/square inch costing mechanism, professional

architectural illustrators may use an hourly rate of pricing: this

is currently set at about £15. Using this system the Hunterston

'perSpectives, at current prices, would cost £300 each. Those
Ccommissioning an artist would be buying skill and reputation,

therefore, the figure of £300 may vary widely depending on the

Mlustrator. Clearly a client's available finance will dictate
Whether a perspective is to be undertaken in the latter stages of
design. More important matters such as the granting of planning
Permission may determine the early use of this technique in the

design process, regardless of cost.
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3.6.7 Communicability

The communication of design intentions through artists' impressions

is hindered primarily by the fact that the impressions are
As a personal interpretation,therefore,certain features

d down often distorting the real impact on

idiosyncratic.
can be highlighted or playe

a scene. Perspective drawings often emphasise the best qualities of

a design and minimise those which may take away from its appearance.
It is not surprising that many impressions are called into question

at inquiries in which lay committees find drawings misrepresentative
Artists' impressions must be regarded only

f a design in terms of the atmosphere
The underlying objective location

of design proposals.
as an individual's perception 0

and feeling of the scene depicted.
~of the development in the view, SO often a source of doubt and
criticism at inquiries, is not open to personal interpretation.

While a perspective drawing may engender a better understanding of

design intentions, several views may be required adequately to

explain the proposal. Such views may have one of two common

objectives; to allay fears of unsightliness or to generate

enthusiasm for a design. These are emotional goals and show the

application of the technique to be distinct from objective visual

appraisal. Every artist, as a creator, has something inside
[t is not uncommon for this to filter

The finished product must be

which demands expression.

~through in a perspective rendering.
accepted and interpreted, therefore, as only one personal impression

of the proposal. Sometimes a strong personal interpretation can be
an aid to imagining the future design reality, however, more often

than not an impression can be specious.

3.6.8 Accessibility

Perspective illustrating is a highly skilled service and normally
operates on a consultancy basis, though some design practices may
have in-house expertise. There are around fifteen consultant
architectural illustrators in Scotland and these may be readily
commissioned for work. Numerous other illustrators advertise in the

national building design press.
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3.7 Physical Scale Models

The importance of physical scale models to the process of design is

Unquestionable (LANG78). In practice, model building has led to

Many innovative design solutions. Quite often site models, also

showing the surrounding landscape, are constructed for the purpose of
Visualisabion. This application of modelling alone is under criticism
here.  The site model used for the Hunterston power station project
‘Was assessed (G62). Two views of the model were compared with

reality (G63) and (G64).
3.7.1 Flexibility

Coverage

The visual coverage obtained from a site model is concentrated within

a small area containing the development. At Hunterston the need for

detail on the model building increased the model scale in turn reducing
the area which could be realistically modelled. Any view may be taken
from within the model; however, it is impossible accurately to
Simulate views from locations outside the land area modelled. (G65)
Outlines the area covered by the site model at Hunterston. In
general, it is extremely difficult to conduct long range (ie, over one
mile) visual analysis studies with any assurance of detailed accuracy.
The cost and physical inconvenience of modelling large areas of land

Prohibits complete coverage for visual assessment.

Builtform

In terms of built form, a physical model is ideally suited to
Simulating the varying effects of different designs on the site.
Only the building model need be built and placed in the modelled

context environment.

Environmental Conditions

To simulate the effect of climate when viewing the model a number of
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methods may be employed.
# variations in lighting levels.

# different backcloths of sky or land forms.
# the use of smoke effects eg. to model reduced visibility in fog.

Context.

The opportunity of studying various options to change the landscape

or vegétation around a site is possible on a small scale; 1if, however,

large scale earthworks removal is intended, its effect on views as

simulated in the model may require further model building independent

of the existing site model.

Multiple use.

Theré are a variety of other uses to which small scale physical models

may be applied:

# 1lighting studies

# wind tunnel experiments.

# Tlandscale design.

# heliodon experiments for shadow analysis.

# photogrammetric plottings can be taken off models to calculate

cut and fill. (CLOU76).

3.7.2 Design value

Distinction may be made between models built for presentation purposes
and working models used throughout the design process. Most models
used in visual analysis work will encompass a large area of land; this
may be modelled early in the design process and used during design
development and as a presentation model. To this may be added working
models of the building or development on its own. This pattern is
typical of many projects, eg. the design for a power station at Torness
by the South of Scotland Eleectricity Board. In this case the same
landscape model was used over a seven year design period. Using
models in this manner demonstrates their potential as a flexible and
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highly valued design tool. In many cases, though, architectural
scale models are built subsequent to design decisions.  This merely
assures designers that correct visual evaluations have been made and
supplies the client with a prestigious model to exhibit, perhaps in
the entrance foyer of his building.  This cosmetic approach to model
building is of 1ittle value to rigorous appraisal and design feedback.

3.7.3 Data acquisition

The data required for model building is no more complicated than that
which would normally exist in the course of a project.
" # 0.S. contour and land use maps of the study area.

# landscape and building proposal drawings.

3.7.4 Accuracy

Varying degrees of accuracy can be achieved depending on the cost and
scale of a model. While a small scale model would best suit the
needs of coverage of a large area, the accuracy of the model would

be suspect. To use such a model in visual analysis work would

be inappropriate; such viewing correction factors as earth's
curvature and light refraction cannot be simulated in analogue models.
The accuracy of small scale models is further deteriorated by human
errors in the manufacturing of model parts, eg. an error of lmm in
manual cutting at a scale of 1:5000 represents a scaled error of 5m in
reality. This level of mode11ing accuracy is not appropriate to
veracious visual assessment. In topographic model building the
vertical scale is frequently increased, sometimes by a factor of two;
this avoids a flat appearance of the model, and eases-the task of
contour building. Clearly, such activities would be foreign to model
building for visual impact studies, but only at the risk of incurring
extra cost (JEFF80). Small scale models for visual assessment work
are often incapable of simulating landscape features to any degree of
acceptable precision. For example, the two comparative views

(G63) and (G64) patently demonstrate the inaccurate modelling of

tree cover.
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Model accuracy may, therefore, be linked directly with cost and

scale of building.

3.7.5 Time

The type of model which might be used for visual assessment studies
would take 4 to 6 man weeks to build.  This may be constructed in-
house by a firm of designers, or, more typically, sub contracted to
a model making firm, many of which advertise in the architectural and

building press.

The Hunterston model was constructed in 5 man weeks by a firm of
professional modelmakers. ' N

3.7.6 Cost

Using a professional modelmaking service, model prices range from
£1,000 (block models) to £10,000 (detailed site and building model).
On average models prices would be £3,000. In the case of models
required for visual studies the cost may be as much as £6,000
(JEFF80).  The cost is divided two ways; 25% for materials and
75% for labour. The Hunterston model was costed at £4,000 (current

prices).
3.7.7 Communicability

Traditionally, physical scale models have been a helpful and readily
accepted method of design presentation tc decision makers on
committees or at public inquiries. Such models attempt to indicate
the appearance of the building in its setting or to explain a design
concept with the hope of eliciting a critical response from both
designers and lay persons. This is particularly necessary where
visual design problems are complex and paper based appraisal methods
are inadequate in comprehensive assessment. With a physical model,
an observer may adopt any viewing angle around the interest building
and in any desired sequence of movement and time. Formal spatial
and temporal appraisal in this manner is a key advantage of this
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technique, and certainly fundamental to architectural experience

and criticism. The result of such an approach will permit a realistic

assessment of proposals.

In general, views of a model tend to be 'bird's eye' or aerial views,
the observer being unable to imagine a view from a certain location
Within the model. This is frequently referred to as the 'Gulliver
gap' and may be overcome by the use of a modelscope, which is a
miniature lens mounted at the end of a periscope-like camera attachment
(G66).  The modelscope scales down the observer's field of view and
may be positioned at ground level in the model to simulate more
realistic terrestrial views. Simulations using a modelscope may be
Captured either on still photographs or on video. The most success-
ful modelscope simulations have been carried out at the Berkeley
Environmental Simulation Laboratory, California University (BURESO)
P. 20; simulation of movement through a model is possible with a
modelscope suspended from an overhead gantry and thereby manipulated
at the command of the observer (G67).  Such methods of viewing scale
models increase communicability, and, if sufficient quality and
dccuracy can be achieved,are to be recommended as a helpful method

of visual assessment.

3.7.8 Accessibility

Modelbuilding is a readily accessible professional service, ranging
from small two-man businesses to large firms with, typically a team

of up to twenty modelmakers.

In practice, design offices will prefer to build models in-house;
however, high quality presentation models are more likely to be
sub-contracted to a professional modelmaker. The task of building
a scale model is very labour intensive, and-the larger firms are,
therefore,better equipped to compete for work.
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3.8 BIBLE Perspectives

3.8.1 Flexibility

Coverage

Five views of Hunterston were generated from varying positions around
the study area using BIBLE. Once the data of the interest object

has been digitized into the computer's memory, there is a high degree
of viewing flexibility. Almost any view may be generated. (G68) shows
the coverage of the five chosen views; further perspectives could be
added without significant increases in time. Indeed, CAD methods for
Visualisation are more applicable than manual qgthods when large
numbers of development views are required. This is due to the fact

. that the main effort in the CAD procedure is data preparation, and

the time-consuming task of setting up perspectives is devol]ved to

the computer.

Builtform.

There is a high degree of flexibility in the testing of alternative
builtform proposals. Many levels of building detail may be
modelled to suit needs at a particuler stage in design; for example,
sketch models can be compiled using under ten shapes (about 30 mins.
to input data) or more detailed models of up to 100 shapes (about one
day to input) (G69). The use of Form Generators, primitive shapes,
which can be scaled, rotated and translated to construct data files,
releasing the user from the tedium of alphanumeric entry, have made
data input to BIBLE an easier task. Consequently, there is more
incentive to test other built form solutions, which in the past would

have been too uneconomic and time consuming to attempt.

Context

The program BIBLE principally addresses the problem of builtform model1ing
The photomontage featurepermits context modelling (land form and
vegetation) which can be provided external to the program, by
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photography. Nevertheless,some progress has been made over the

Past six months to model context features. This was first attempted
by the author in 1979 for quantitative studies rather than qualitative
assessment, eg. to what degree do trees or earth moving operations
interfere with visibility? (G70). Again the use of Form Generators
for landscape elements, eg. trees, with options to investigate
alternative species/growth rates/seasonal foliage cover offers high
flexibility in assessing the effect of context changes on the

Visibility of a development proposal.
Environmental Conditions.

The monochromatic display output from BIBLE doe;cnot allow the
appraisal ofclimatic effects on visibility. Indeed, in many CAD
Photomontages,where an object is viewed over a large distance, the
hard lines of the computer image militate against reading the object
in its proper location, since one would expect to see softer lines
and surfaces as atmospheric perspective modifies the image. This
is a draw-back to the CAD approach to visualisation. Frequently,
hand crafted methods of montaging are adopted to construct an under-

standable simulation.

Multiple use.

One of the main features of modelling the geometry of a building by
computer is that the data may be employed on-a. number of disparate
appraisal tasks. In the case of BIBLE, the base geometry can
be used by other ABACUS programs to investigate;
: energy performance (ESP)
functional layout, cost etc. (GOAL)

colour visualisation (VISTA)
If a CAD approach to visual assessment were intended, therefore, it

would be timely to consider the other spin-offs in terms of computer—
based building appraisal offered by the existence of a common

building gecmetry data base.
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3.8.2 Design value

The flexibility inherent in the CAD approach is best seen in the
varied application of computer based models to all levels of the
design process. There is flexibility in the level of building
detail, and simulation options to allow sketch appraisal or rigorous
assessment of a final design. Additionally, since the program can be
operated interactively there exists a healthy.interface between
designer and machine as feedback stimulates interrogation and
development of design ideas. The applicability of a program such

as BIBLE to the ongging process of design is a feature which can
directly satisfy the requisite of comprehensive and accurate solution
searching and testing in visual assessment.

¥ 53

3.8.3 Data acquisition

The data required to form geometry data files for computer processing
is no more complex than that used in traditional methods of visual
assessment. Typically, a user of the BIBLE program would base

the computer model and viewing parameters on information taken from:

: scaled orthographic projections of the building.

: maps of the building and viewing locations, showing XYZ
co-ordinates.

: site photographs for montaging.

3.8.4 Accuracy

A detailed computer model of the 'B' power station at Hunterston was
constructed and five views generatéd from known locations. The
output plots were compared with the actual site views by means of
overlays (G71) to (G75). Using this early version of the program

a number of the views did not match exactly. This was due to the
difficulty in estahlishing the correct enlargement factor;
inconsistent calibration of the camera lens viewcone with that
stored by the computer logic in BIBLE (similar sized lenses,

eg. 50mm, manufactured by different

112



Companies have different viewcone angles); omission of algorithms to
correct the perspectives at viewing distances over two miles.  These
Points will be taken up again in section 4.4 in which a highly controlled
Case study using BIBLE is described. A further view, taken closer

to the building and with lines in a more incised perspective, was

Compared and recorded on video (APPENDIX 5).

Using a computer-based method for visualisation eliminates human
€rrors, however accidental, which occur in perspective drawing.

The accuracy of the computer image is, therefore, a function of the
fidelity of the survey information for the building location and view-
Point, and of the scale drawings of the development.

3.8.5 Time s

By far the largest amount of time in undertaking a CAD visualisation
is devoted to data preparation. This can range from as little as
30 minutes to 1 full day depending on the complexity of the object
being modelled.  The Hunterston data set took one day to compile;
each perspective view was generated at 10 minute intervals. These
times relate to an experienced user of the program operating inter-
actively on a mainframe computer system. Further presentation time

Maybe necessary to mount the montage on card.

3.8.6 Cost

Cost varies with building complexity and context,ie. rural or
Urbanscape. A costing procedure for the Hunterston perspectives is

outlines;

Data preparation : labour £75
computing costs £25

View generation labour £5 per view
computing costs £1 per viey
materials - _%4 per view

£10 per view
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The computing side of BIBLE montaging would cost £150 for five views.
An increased number of views would capitalise on the initial data
investment. To the cost of £150 must be added photographic expenses;
these may result in a final figure for CAD perspective montaging of
£250 for 5 views. These costs are based on a bureau service, as
Operated by ABACUS; in house computing facilities and overheads may
significantly increase this cost to design practices.

3.8.7 Communicability

The BIBLE montage, formed by acetate overlays of the building placed
on corresponding site views, allows improved visual assessment.

More often than notsa qualitative judgement issrequired at an inquiry.
In such cases the use of a perspective artist to 'add some flesh' to
the bones of a wire line computer perspective is essential. The
communication of the design idea can be improved, without positional
distortion of the image as an artist sketches up from the base

Computer drawing.

CAD methods which have a proven track record in applications are

now being accepted by planning committees at inquiries, particularly
on account of the completeness and accuracy of the visual study
(TURN83).  The time will shortly be coming when computer terminals
will take their place at inquiries, and proponents and objectors to
schemes will have the opportunity of on the spot assessment as they

interact with the computer.

3.8.8 Accessibility.

At present, ABACUS operates a consultancy service with the program
BIBLE to design practices. This remains the most common uptake of
CAD visualisation, although the program may be bought for £2,000 to
Operate on a mini or mainframe computer.  There are many other
visualisation programs available in Britain, however, none has been
used with such rigour as BIBLE in visual impact assessments.
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3.9 VIEW Visibility Studies

3.9.1 Flexibility

Coverage

A digital terrain model of the Hunterston area was constructed; its
coverage is indicated in (G76). Any sjmu]ated appraisal using VIEW
will, naturally, assess every point in the data set as defined by
the viewing window. Typically, there is 360° coverage from any

observation point.

The estab]ishmeﬁt of terraih model boundaries is often a complex task.
The ability to perceive mentally where landform,will no longer affect
the visibility or backcloth of a proposed development only comes with
experience and even then may be suspect. One method in tackling
this problem also demonstrates the flexibility of the DTM approach

to visual analysis.

In the early stages of design the DTM may be used on a large area,
say 200km, with a grid size of 250m. Initiating- the VIEW programs
on this data set, the designer may appreciate general visibility in
the district, and partition off a subset of the original matrix for
more detailed appraisal. This sub-matrix may cover an area of, say
40Km2, with a grid size of 100m.  Again VIEW may'give an under-
standing of the local area visibility, and suggest detailed means

to reduce or heighten this. A further sub-division may be made to
produce a site terrain model with a grid size of 25m.  This may be
used for drainage, earthworks, road/path alignment or the effect of
landscaping (trees and earth mounding) on intra site visibility. We
may conclude that boundary establishment for DTMs depends largely on

its design application.

Coverage, of course, is not complete without mention of the viewpoint
flexibility. VIEW may operate on any user defined viewpoint:

inside or outside the data set; at ground level or at any height to

simulate the top of a building, chimney or pylon. In addition, new
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views which may come into being after large scale earth removal can

be simulated readily.

The concept of viewing out from the site rather than towards it
(637) addresses the need for a more comprehensive visual coverage of
a study area, and comes closer to the heart of visual impact
assessment; that designers should be concerned with the impact of a
building on an area rather than the impact perceived from a chosen

single viewpoint.
Builtform.

Building and other engineering structures are modelled in VIEW by

a user specified height addition to a grid intersection point. The
location of the building may, therefore, be around half a grid cell
-Size out of position. From experience, this problem does not
significantly interfere with the accuracy of visibility calculations.
Object displacement from true location to grid cell intersection is
taken up again in Chapter 4. A very wide range of building
heights, breadths and site locations may be examined using VIEW

and often visual objectives can be achieved as a result of rigorous
assessment of building options from an early stage. In the past,
limitations on time restricted wide ranging synthesis and appraisal
of proposals.  VIEW 1ifts that restriction and, additionally, feeds
the designer with evaluations which are likely to cause more orderly
and informed stages of design development in order to achieve

Creative design objectives.

Context

There is a high flexibility in VIEW with respect to the modelling

of landform- and vegetation. In the case of Tandform, two data

sets are frequently compiled; an existing and a proposed mode]l.
These may be used to compare before and after views of the landscape
(using PERSPX); to compute the need for, or removal of, earthworks
to or from the site; and to assess the effect of landscape preposals
on site visibility. Additionally, the effect of tree growth over
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future years may be simulated; account can be taken for various

Species and their growth patterns.

Environmental Conditions.

The modelling of climatic effects in VIEW is minimal. The output
from the program is concerned principally with whether an object is
visible or not and whether it has backcloth. The quality of that
Visibility as affected by climate is not under examination. There
is, however, one method of modelling an aspect of climatic inter-
ference on visibility. By bounding the range of the radial
searching distance from the observer Tccation in VIEW it is possible
to model the restrictive viewing which would occur in fog, mist or
Precipitation. Otherwise, the program has no ca]] to simulate the

Qualitative effects of climate on views.

Multiple use.

Many of the other(nonvisual)applications of terrain modelling have
been outlined ir 3.2.2. These afford an attractive multiple-use
feature to the designer, and may be of use in the longer term, after

construction, in landscape management.

3.9.2 Design value

An early decision to use a DTM and land use appraisal package in a
project is vital to cost effective use of computers and maximum
efficiency in designer feedback. The way in which VIEW is structured
s most applicable to gradual detailed appraisal throughout the design
sequence. Large scale analysis (grid size 250m) may be undertaken

to establish the critical boundaries of visibility and appreciate

the scale of the visual problem, ie. how visually absorptive is the
landscape context? More detailed appraisal, centred on specific
sites with specific proposals can then be assessed as design proposals
begin to emerge.  Still further detailed evaluation can be conducted
on a specific site for a specific proposal. Continued use of a
Program such as VIEW during design has been proven to elicit more
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reasoned and speedier decision making and teo indicate to the
designer the most rewarding line of investigation in achieving design

objectives.
3.9.3 Data acquisition

There are a number of methods of acquiring data for VIEW processing.
Field surveys, using theodolites, may be discounted due to the scale
of the data required. Others may be classified:

i) Manual interpolation of spot heights or contours from maps. This
data requires to be keyed in alphanumerically at a computer terminal
as X, Y and Z co-ordinates, or as a string of Z co-ordinates at a
Prespecified planimetric interval. . "
1) Semi-automated digitizing process for contours or spot heights.
A digitizing puck or pen is manually positioned at significant points
On a map. A foot-pedal control prompts the recording of the X and Y
Co-ordinate and the Z value is keyed into the computer's memory

at a terminal.

Both these methods are labour intensive and prone to error in typing
vé]ues at a keyboard. Differing map scales (metric and imperial) can
further complicate the task of data capture, while outdated 0.S. maps
May produce inappropriate topographic or land use data for visual
assessment.  These problems can largely be overcome by automatic

Procedures of data acquisition.

i11) Raster scanning of a map by a digital camera. The resultant image
requires feature encoding for contour lines and Tand use data (raster

to vector format conversion of data).

iv) Automatic photogrammetric interpolation. Data is recorded on
digital tape by photogrammetrically tracking along the contour
lines or land use areas as modelled by stereo pair aerial photographs.
Such a system has been devised by Prof. G. Petrie at the Univesity of
Glasgow's Topographic Science Unit (PETR80). The conversion
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of the data captured into a format that is compatible with other
applications programs has not yet been developed, though this process
Would clearly speed up data acquisition for VIEW.

V) Laser-Scan, FASTRAK automatic line following digitising system.
Combining the best features of manual digitizing systems and raster
Scan methods, this interactive system uses a laser beam probe,steered
at high speed and with very good resolution, to gather data from an
enlarged photographic negative or an original map.  Although the
hardware is prohibitively expensive outside reséarch, government and
large mapping organisations, a bureau service is in operation at a

reasonable cost (HOWM82).

2o
Vi) Existing digital information. In recent years the Ordnance

Survey in Britain has been engaged in data capture for computing
applications. Digital map data on magnetic tape is becoming
increasingly available for land areas in Britain, and may, in time,
Provide a national topographic data base.cf Sweden (0TT078).

vii) Remote sensing, LANDSAT. Data.gathered from satellite sensors
is on a scale and accuracy inappropriate to visual assessment.

Although these techniques are finding widespread application in a

number of fields, the problem of converting contour digital data. to gridded
data, operational on the VIEW programs, has not yet been addressed.

The current method for data preparation in VIEW is described in ii)

above.  Errors occur in map interpolation and input typing; these

must be corrected to ensure the validity of subsequent analysis and
appraisal based on the data set constructed.

Data requirements for VIEW processing include:

0.S. maps of study area. _
Stereo pair aerial photographs. (for detailed land use assessment).

Clearly, there are no extra demands for information using VIEW than any

Other technique might require.
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Two crucial decisions remain to be taken before data collection can

start:

i) the boundaries of the data base

ii) the grid size interval.
These may be determined largely by the reasons for modelling, ie. the
area of interest and degree of accuracy in the results. Data for
Hunterston was gathered on a 100m grid size.

This resulted in:
i) considerable loss of time and effort in digitizing highly

redundant points in large flat areas of ground. A variable
grid size, matching terrain roughness, would be advantageous

in speeding up the input process.
ling of land use patterns;]ess than 100m x 100m)

ii) inaccurate model
especially when height additions are involved, eg. trees and
buildings. This will be taken up again in 4.4.2.

To speed up the process of data set construction, the author compiled

a small computer program, written in Fortran, to read free format data

input and convertit to a format readily processed by VIEW.  The
program algorithm flow chart is described in (G77).

3.9.4 Accuracy

No map is without errors. It seems reasonable, therefore, to assume
that there are errors in the terrain model used in VIEW, both map

based and interpolation/keyboard errors. In traditional methods of
visual assessment the magnitude of the error is difficult to establish.
The VIEW process, in contrast, allows the inaccuracies to be quantified.
The purpose of this part of the study was to discover the veracity of
the VIEW output. In the Hunterston terrain model it was felt that

grid coarseness was likely to distort the visibility results.

To test this hypothesis, five viewpoints were selected within the
elevation data set for comparison with actual views. The five
locations, none of which fell exactly on a grid cell intersection,
were checked on site for visibility of the power station. The
nearest grid cell intersections in the elevation matrix to the
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viewpoints were tested in the program VIEW2 for corresponding
visibility of the power station. The results are plotted in (G78)
to (G82). The VIEW2 visibility predictions correspond exactly to
the actual on site views. This study was closely followed by a
similar verification of VIEW2 by Design Innovations Research for the
South of Scotland Electricity Board (AYLW79).  In this case the
interest object was a large radio mast at Blackcastle Hill, near
Torness in East Lothian. 93% of the sample observations on site

matched the VIEWZ output.

Provided an appropriate grid size is chosen, there is 1ittle evidence
to suggest that inaccuracies will be any higher when it appears that
the grid orientation is in conflict with the landform orientation,

ie. when valleys or coastlines run at 45° acrosg)the grid orientation
the accuracy of the DTM is no less than if the valleys or coasts. ran

- horizontally or vertically with the grid.

Localised topographic variations are often the source of discrepancies
between VIEW? calculations and actual on site observations of visibility.
(G83) demonstrates the inconsistency of DTMs with real topography in
such cases. Clearly grid size selection must be made with care.
There are procedures to overcome this problem; highly advanced
terrain modelling makes use of continuous grid size adjustment
algorithms to match grid point density to terrain roughness or
variability (MAKA73). This is not an option in VIEW, and it is
doubtful if this extra flexibility in more accurate terrain modelling
would cause significant improvements in visibility calculations: the
use of a reqular square grid cell has two inherent advantages; those

of convenient programming and machine storage.

On site verification of visibility does not indicate the degrees of
error which a user may expect from the VIEW program. A more objective
appraisal of accuracy was undértaken. The study aimed to investigate
the relationship between the grid size of digital terrain models and
the resulting error in the calculated height of any point within the
data set, whether on grid intersection points or not. The graphs
produced from the resuits are therefore a measure of the sensitivity
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of digital terrain models to localised topographic variations.

The need to relate terrain accuracy to object/building accuracy is

€ssential in visual impact studies; particularly in complex terrains

where it may be difficult to form a good impression of the most
suitable grid size to achieve a satisfactory level of accuracy in the

object visibility results. Two hypotheses were made and tests carried

out to unearth this relationship; these are described later.

Sampling
Three methods to assess terrain model fidelity were considered:

i) comparison of real and modelled point ele¥ation values
(spot heights and Bench Marks from 0.S. maps).
i1) comparison of 2-d sections through land, based on
modelled terrain and 0.S. map contours.
1i1) comparison of earthworks cut/fill calculations.

Method ii) was rejected on the grounds of contour inaccuracies (a
point on a contour map may be elevationally inaccurate by up to one
quarter of the contour interval (HARL75) p167), and, in any case,

the DTM is largely derived from the contour map. Any discrepancies
based on this method are 1ikely to describe interpolation skills.
Method iii) was also dismissed; the data sets which would have made
"this a feasible technique were not sufficiently varied, most occurring

below a grid size of 10 metres.

Method i) was elected and 160 sample points were gathered for analysis.
Four points were regarded as spurious data; these data occurred on
unnatural landscape features; an environmental hill, a causeway, a
railway embankment and a road/building cutting. (G84) outlines some
of the problems. The breakdown of the remaining 156 points was as

follows;
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Points Accuracy

109 spot height +30cms. (HARL75) p166
13 known Bench Marks _ +#3 cms  (HARL75) p165,(BRAN72)p14.

34 unknown Bench Marks +1 metre

The 34 unknown Bench Marks were due to building demolition, road
realignment or obliteration of mark. Although the exact plan location
was known it was impossible to determine on site the height of the
Bench Mark above ground level.  The resulting inaccuracy was in the
order of + 1 metre. Thus it was decided to discard the 34 unknown

Bench Marks in the analysis.

The remaining 122 points represented a sample of 3.0371%, 4017 data
points having been interpolated manually when the 75 x 75 (5625 points)
data set was created. (The remaining 1608 points occurred at sea
level, ie. value Om.) The 3% sample was widely spread over the study
area, though principally restricted to roads and paths.

Program DIGERR

Use was made of the program DIGERR to analyse the real and interpolated
points. DIGERR input requirements for any point include: (G85)

a) The actual elevation value of the spot height.

b) The elevation value at point A

c) The elevation value at point B

d) The elevation value at point C

e) The elevation value at point D

f) The horizontal distance, DIST1, from the Teft hand boundary

of the grid cell to the spot height.
g) The vertical distance, DISTZ, from the upper boundary of

the grid cell to the spot height.

Interpolating from points A,B,C,D the program calculates, for each

spot height DIST1 and DIST2 from the top left corner of each grid cell,
the elevation value of the spot height in the digital terrain model.
This is subsequently compared with the actual height and the
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difference is printed out, together with statistical analyses of all

the sample points.

Data Files

Four data files were compiled to investigate accuracy at four grid
size intervals, 100m, 200m, 300m and 400m (PURD80a).

Hypothesis 1

The graph deséribing the relationship between grid size and elevational

érror is ogival in shape.

Thus the graph contains two tail off points; one at the lower end

of the graph where increasingly smaller grid sizes will not
significantly reduce error; and another at the higher end of the

graph where increasingly larger grid sizes will not significantly

increase the error (G86).

Hypothesis 1 - Testing and Correlation

The results of the DIGERR program for each of the four data files

is shown in (G87) and graphed in (G88). The bivariate data in (G88)
were analysed using a least-square polynomial Tine equation program

to establish trends in the graph. This proved unsuccessful, and a

linear regression program was applied to the data to establish the

best fitting straight 1ine through the data. The correlation

coefficient, a measure of line/data fit was discovered to be very high;

correlation coefficient = r = gX-)’- - nxy
i/

I-n

7(£ (%) 4 (vi- )7)Z>

kn 1-n
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where X; = grid size

average elevational error
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The data is, therefore positively correlated, with a high correlation

coefficient, and a regression 1ine of equation y = 0.0375 + 0.0133 x or:
Average elevational error = 0.0375 + (0.0133 grid size).

Xl o
" "

"

Hypothesis 1 - Conclusions.

po
The relationship tends to suggest a linear regression, not ogival
as hypothesised. Although only four points were plotted, and this
may be considered too few to draw any particular ccnclusions, when
further points were added during hypothesis 2, the graph maintained

its straight line feature.

Hypothesis 2.

The straight line graph which maps grid size to elevational error
has different degrees of slope which correspond to different types

of terrain.

The graph will have a steeper angle for rough highland terrain where
elevational error increases more rapidly with coarser grid sizes;
smooth lowland landscapes will have a shallower sloping graph angle
since coarse grids will still be able to model the terrain fairly
accurately. (G89) is a hypothesised graph. This hypothesis was
based on the findings of Imhof (IMH065), in which steeper terrains
were discovered to have a higher average altitude error than flat
ground, all other factors being equal (G90).

Some of the phrases used already to describe ground variations
require the yardstick of a terrain classification system. No one
Parameter can measure ground surface form or relief. A host of
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systems for classifying landform have, therefore, been devised.
Makarovic classifies them : (MAKA76) p58.

Coastal/lower slope forms/Towland terrain/
steep scree/highland terrain/summit terrain.

i) Qualitative.

flat/undulating/mountainous (AYEN76)

i1) Quantitative. : 3d slope direction
- gradient: the rate of change of

altitude along a slope line, and
measured at any one point as the
maximum inclination to the horizontal
in degrees. (EVAﬁ]Z) p37.

- aspect: the horizontal direction of
movement down a slope line, and
measured in degrees clockwise from
north in the direction of a line
perpendicular to the contours away
from the hillside. (EVAN72) p37.

grain size. (Valley spacing).
surface area/planar area of land.

and many other methods.

1i1) Mixed. The most common method in which quantitative
descriptions are modified by qualitative

accounts of the terrain characteristics.

For the purposes of detailed land form modelling in geomorphology
several landscape characteristics may be required exclusively fo
address any particular area. In visual analysis the necessity for
specific description is inappropriate. As a measure of land surface
warpedness, and eminently suitable for computer applications, the
measure of surface area/planar area was chosen as a measure of

terrain 'roughness’'.
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Therefore,

T e h Vet s planar surface area of DTM
errain ‘roughness’ =t = (ayped surface area of DTN

(]

in flat terrain t =1 and on hilly ground, t would

tend towards 0.
Appendix 3 describes a computer program, devised by the author to

determine the value of t for any given topographic data set.

Hypothesis 2 - Testing and Correlation.

The elevational errors of four other data sets were collected and
graphed with the four points from the Hunterston data sets. The

graphed points were:
£

Data Set Grid Size Average error
FOSS 500m 8.1163
TORN 500m 6.3833
HUNT 400m £.558
HUNT , 300m 3.633
HUNT 200m 2.872
HUNT 100m 1.382
BLACK 100m 1.4852
LOWCA 20m ' 0.4228

(G91) outlines the resulting graph, and the data was again processed
through a linear regression program yielding the following best fit

line equation:

-0.0277 + 0.01418x.

<
]

where, y = average elevational error

>
1]

grid cell size

Similar to the graph in hypothesis 1, the calculated correlation
coefficient was again very high at 0.9817.



Hypothesis 2 - Conclusions

The data used in hypothesis 2 may be said to be highly correlated,
which proves that the hypothesis was incorrect. Below 500m grid
sizes there appears to be no significant divergence of the graph for
different terrain types. Although insufficient data restricts the
conclusions that can be drawn from (G91), further points have been
added to the graph sincethis study and only confirm the finding of
non divergence. Data sets vary from coastal lowlands and steep
sided sea lochs in Scotland to inland undulating sites.  The author
still remains sceptical of this graph, and further study (outside

the timescale of this thesis) will be necessary to produce convincing
evidence of divergence. At the moment, (G91) is sufficientiy accurate
for determining the most appropriate grid size For visual analysis
studies, for all terrain types, given a tolerable/average error.

Conclusions on Accuracy.

The straight line equations derived above have proved a useful guide

in practice, and may be improved as other data sets are assessed for
accuracy. It is possible that the window on the relationship between
grid size and error was too small to yield a proper investigation of
the two hypotheses, eg. it is still unclear as to the shape of the
graph over 500m.  (Grid cells in excess of 500m are rarely used

in landscape or architectural practice; planning applications may

use such large cells; however, it is unlikely that accurate topographic
modelling would be the main concern at such a large scale).

(G91) now provides users of DTMs a method of grid size selection

based on accuracy.

Another criticism of VIEW is the crude modelling of land use data;
whole grid cells are used. This can lead to calculation discrepancies
with actual observed conditions and will be taken up again in 4.4.2

3.9.5 Time

The data preparation sequence for topographic and land use information

was timed under three headings; interpolation from 0.S. maps, input

128



typing at the computer terminal and
once stored in the computer.

Using the INSERT program the number
manually was cut down from 5625 (75
points were located on the sea, and
in the INSERT program).

Topography. (4017 points)
interpolation time = 10
keyboard time = 7
checking time = 2

Land Use. (5625 points)
interpolation time = 3

= 2

keyboard time

checking time

1}
aid

the time taken to check the data

of data points interpolated
x 75) to 4017 (the remaining
assigned a default value of 0

hrs.

hrs (including error checking
and editing)

_hrs.

hrs.

.5 hrs (including error checking

and editing)
hr.

These times describe use by an inexperienced computer operator/typist.
Additionally, they relate to a one-man process and would be significantly

improved if a two-man team were working on data capture.

To these times must be added data preparation and cross checking

procedures.

1. Around 2 hrs may be added due

to the need to draw

intermediate contour lines on 0.S. maps.

2. An additional 1 hr can be added to the land use
data preparation if a cross checking procedure is

adopted.

This would involve updating of map

information by viewing stereo pair photographs to
check on recent land use alterations.

In al1, one might expect to spend 4 man days préparing a topographic

and land use data set, 75 x 75 points in dimension.
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of data by VIEW and results display are negligible, the main core of
effort having been devoted to data preparation. These tasks may be
performed early in the design process, having a double spin off;
firstly a good understanding of the site character is built up, and
secondly the resulting data matrices may be used throughout the

subsequent design stages and even after completion.

3.9.6 Cost

Acomplete visual analysis study (alternative site locations, building
heights, etc.) may be undertaken in an area comparable to Hunterston for
around §£4,000. The data sets would, of course, remain and may be of
further benefit in other applications during design. The multiple

use of the topographic and land use data bases must be borne in mind
-when considering the cost of visual assessment. This cost 1is

mainly incurred in the data preparation stage; processing of different
schemes, appraisal of different characteristics and output display

of results constitute a small part of the overall cost. The decision
to implement a DTM and land use data base must, therefore, be made
after considering the likely multiple-use which could be made from

that initial investment.

3.9.7 Communicability

Thepresentation of the results from the VIEW programs has received
much just criticism. The VIEW output is in an antiquated iine
printer form, monochromatic, and very difficult to interpret. The
program SYMCON can improve the data presentation by clearer plotting
methods and coloured overlay symbols.  Often, though, more than
enough information is produced and this can lead to difficulties in
decision taking, judging one map output with another.

Therefore, the presentation of datd must relate toc the aims of the
study, answering specific questions on visibility and addressing
other clearly defined problems. Despite claims that VIEW can ofter
a comprehensive project analysis and appraisa], decision makers are
frequently swamped with information.  Selective presentation of
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results is likely to afford improved communication and better
understood decision making. Recently, the use of colour computer
graphics to display output has resulted in more easily understood

maps of visibility information (G92).

Of the two parties to which visual assessment techniques communicate
results, designers and lay public,the VIEW suite is more useful to
the on going decision making of the designer. A selection of output
material, upon which major design decisions were taken, may be shown
to the public; however VIEW's greatest value lies in the rigorous
assessment which it can bring to the design process.

3.9.8 Accessibility

3

At present, the VIEW program suite is only available commercially
through Design Innovations Research (DIR), 44 North Castle Street,
Edinburgh. DIR is a planning and design consultancy and has

undertaken a wide range of projects.

PROJECTS COMPLETED BY DIR

CLIENTS PROJECTS

Midlothian District Council Torness Lines Midlothian

South of Scotland Torness Lines East Lothian

Electricity Board Torness Lines Lammermuir
Hills _

Palmerston Northumberland Morvan Quarry Planning

Partnership Application

Use of Flotta 0i1 Handling

DIR Computer Programs by Terminal

W.J. Cairns and Partners Foss Mining Project

Cowdenbeath Phase 2
Environmental Improvement Project

Pilton Environmental Improvement
Project

Lowca Land Reclamation
Project

Dewshill Land Reclamation Project

Meikle Earnock bing Land Reclamation.
Project
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Summerlee bing Land Reclamation

Project
Use of Midmar Drive Housing Development
DIR Computer Program by : , '
Turnbull Jeffrey Galashiels Walkway Reclamation Project
Partnership A71 Road Junction Earthworks

Linkswood Bulk Fuel Installation
Visual Analysis

3.10 Conclusions.

What is clear from the foregoing evaluation is that all manual and
computer—-based methods have a place and a particular role to fulfil

in the design process. There is an interdependence about the methods.

The degree to which each is emphasised in application will vary from

- project to project, having established;

i) the purpose of the assessment:
- what decisions will be taken on the basis of the findings?

- what data are required to make the decisions?

i1) the development of information:
- defining constraints
- assessing gpportunities

iii) the methods of assessment:
- manual
- computer based.

Hypothesis conclusions.

a) General hypothesis ; Verified; however, a complete rejection

(3.4.1) of traditional methods is unjustified.
b) Performance hypothesis : i) Untrue; manual methods of assessment
(3.4.2) are used frequently throughout design,
although with varying degrees of
accuracy.
i1) True
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iii) True.
iv) True; especially in the case of
computer-based methods.

v) True.

vi) True.

Three of the evaluation criteria were discovered to be of prime

importance to designers:

i) Flexibility
ii) Design Value.
iii) Accuracy.
Communicability and accessibility were noted as being of secondary
importance.

None of the techniques was prohibitiveon the grounds of data

acquisition. Cost and time were not regarded as major factors in
deciding to use the techniques, if visual assessment was required;

although they may put restrictions on the availability of certain

techniques.

Designers are now beginning to see the role of CAD methods in rapid
analysis and appraisal to unravel the major issues and components of

- Initially indeterminate design problems. Thus CAD methods score
highly on the criteria of flexibility (693) to (G97), design value
(G98) and accuracy (G99). Traditional methods are valued best at
providing good means of communication (G10C) and offering readily
accessible services (G101).

Patently, a mix of techniques is the best approach, dependent on the
type of project and the problem of visual analysis.
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Introduction - Case Study Projects

Throughout the course of this research work repeated application of
the computer programs BIBLE, VIEW, and VISTA has been made in live
design projects. T