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"Where do you draw the line between using the land and
using it up? The apparently infinite landscape of two
centuries ago is now a wondrous patchwork quilt that
seems alarmingly finite. Where virgin land once
stretched from coast to coast, today only some 6% of

the 48 contiguous states can be considered as stjll
"wild."
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Staff Writer
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INTRODUCTION

There has been a recent awakening to the fact that man,
particularly in the United States, has been unwisely using
natural resources and abusing the environment. There is
no need to go into all the details of how wasteful he has
been; the need now is for all people, and particularly
designers concerned with moedification of the natural
environment, such as Landscape Architects, to become
aware of the ways and means of recognizing the various
elements in the natural ecosystem and how man's activities
can be fit into it with the least possible disruption of the
system. It follows, then, that if he is to take the lead in
the area of design of the environment, one of the Landscape
Architect's major responsibilities will be to educate the
lay-public to the advantages of design that begins with nature.

Fortunately, there have been some who have held this
concern for a number of years so we do not have to begin
at "ground zero". We merely need to turn to them for
guidance and begin te learn what they have been teaching.
It sounds simple but there is a problem. Traditionally,
Landscape Architects have been reluctant to share their
methods. Those that have been publicized seem to be very
straight-forward—nearly scientific in their process of
resource analysis and land use determinations or site
design. One would expect, therefore, that any such project
or method should be so documented as to be replicable by
others, However, the many methods analyzed for this
study, and particularly so for the three that have been
chosen for inclusion here, seem to have, for lack of a



better term, a "missing link", which makes it difficult for
anyone less experienced to duplicate the method. This
"missing link" is what bas been referred to as "intuition",
"intuitive design", "feel for design", etc. It has developed
into a sort of "professional mystique" that some would
argue is a necessary element to the maintenance of the
profession. I would argue differently and that actually it
is no more than a lack of communication.

The designer concerned with convincing a client, or the
public, that nature must be considered as a fragile
commodity needs to use every means at his disposal.
Filling in the "missing link" in the communication process,
hetween the point of resource analysis— and design based
upon natural constraints or advantages— and convincing the
client or public of the benefits, is absolutely essential.

Although there may be a number of reasons for the
breakdown, one veason, it is suspected, is because of the
common desire to display original data in "raw form"
which, in the traditional graphic processes, requires
much additional drawing and time that budgets quite often
do not allow for.

This study is intended to aid the Landscape Architect in two
phases of environmental design. The first is a suminary
of three methods of analyzing the natural resources that
can and should be considered as either facilitaling or
limiting any desired development on the land. The second
phase is the description of a transparent overlay process
that provides increased graphic flexibility as well as the
analytic efficiency of a computer-like approach to filing,
using, and displaying gathered data.



RESOURCE
ANALYSIS

Many methods of resource analysis are being used and

other studies have been made and published of a far greater
number of these methods (sece Bibliography). From the
numerous methods studied, those chosen for this report are
only three as developed and applied by three individuals:

lan L. McHarg, Philip H. Lewis, Jr., and Richard E. Toth.
All three of these men are recognized as spokesmen in the
advocacy of, and search for, a suitable resource analysis
methodology. These methods were selected for their common
concern with the functioning of the natural environment and
how man's inevitable intrusicn into it, and alteration of it,
can be done with the least detrimental effect. Other methods
in use share a like concern but the procedures have not been
as thoroughly documented and generously shared. Though
they may differ in approach, they appear to include nothing
more; most are less comprehensive and more specific to
one particular aspect of land use such as recreation or
transportation or agriculture.

A more significant reason for choosing these three particular
methods is that they share the common factor of identifying
areas in which the natural resources constrain development
as opposed to attracting it. This approach would seem the
most efficacious, particularly in dealing with the lay-public.
Identifying arveas that should be left natural or subject to
constrained development, because developing themn would
prove physically or economically detrimental to the
development itself, should be a more easily understood and
readily accepted concept than to say that an area should be
left natural because there may be some current or future
demand for such areas.



The basis for most methods of resource analysis is the
implied assumption that THERE ARE THREE MAJOR
CATEGORIES OF LAND USE— URBANIZATION, RECREATION,
AND AGRICULTURE—WHICH ARE IN CONFLICT WITH EACH
OTHER AND THE CONFLICT CAN BE RATIONALLY
APPROACHED IF THE PRIORITIES OF EACH ARE IDENTIFIED.
Urbanization is taken to mean residential, commercial,
industrial and transportation uses. Recreation uses would
include areas of both land and water used for man's
leisure activities and include such things as forests for
hiking and camping, open spaces, unique geographic or
biologic features, histoic siles, etc. Agriculture is

taken as meaning the production of food or other com-
mercial crops, such as forests, directly from the soil.

The methods of McHarg, Lewis, and Toth confront these
uses from the standpoint of how they can be {it into the
natural environment in the least injurious and most
harmonious manner.

The format for the analyses of these methods will be:
—Background and land use philosophy of the individual.
—Description of the resource analysis procedure as currently
practiced, realizing that none of the methods are static and
that variations within the methods occur with differences
in projects. Bear in mind, then, that these are general-
izations and as such, subject to omissions. Every effort
was made to acquire up-to-date information, including
personal correspondence with the individuals, and it is
assumed that the materials provided are considered by
them to be representative of the state of their method.
The description will be in written and diagraminatic form
and will include: scope of studies, sources of data,



establishment of criteria, analysis procedure, and techniques
used for study and display throughout the various stages.

~— Conclusions about the method including strengths, weaknesses,
advantages, disadvantages, etc.

lan L. McHarg is presently Chairman of the Department of Landscape
Architecture and Regional Planning at the University of Pennsylvania.
He is a partner in the firm of Wallace McHarg Roberts and Todd,
Architects, Landscape Architects, and Urban and Regional Planners
in Philadelphia. The firm, as well as Prof. McHarg, have many
well-known and successful projects to their credit. The

published reports of some of these projects were used as

reference for this report and are listed in the Bibliography.

Prof. McHarg holds Masters Degrees in Landscape Architecture

and City and Regional Planning from the Harvard Graduate

School of Design.

My interpretation of his land-use philosophy is: The natural
resources of an area, when evaluated in terms of their degree
of suitability to tolerate the various aspects of man's activities
upon them, provide the limits and define the boundaries within
which these various activities may be located with minimal
disruption to the existing ecosystems.

This is obviously an oversimplification but should suffice
for purposes of comparison.

ViIC HARG
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McHarg's method may be considered in phases though in
actual practice it is a continuous and interwoven process.
Phase I begins with a predetermined study area which may
be defined according to political or legal boundaries but
quite often, time and budget permitting, the study area is
extended to the limits of natural boundaries, such as a
watershed, if it is determined that what is done on the

site will alfect the larger area, or vice-versa. Within the
area, a study is made of the existing natural conditions
and cultural pressures, by means of field surveys, with
the goal of identifying trends that could be detrimental to
the desirable natural amenities. The studies often go, again,
beyond the project boundaries to encompass regional
conditions if it is determined that the project would be
affected by those external conditions. An example of this
would be a recreation facility that would attract users from
a larger region than would be covered by site boundaries.

The second step in Phase I is the "ecological inventory".
Technical data is collected from availabie traditional sources,
if the currency and accuracy of the source is known. Such
sources might include U.5. Geological Survey maps,
Department of Natural Resource maps, Soil Conservation
Service maps, County Soil Surveys, State or Local Highway
Department maps, Department of Health Reports, Well
Drilling Reports, and Wealher Bureau, Department of
Agriculture, Forestry Service, Historical Society Reports
and previous studies of County or Regional Planning Agencies.
Apalysis and interpretation of aerial photos is also used
particularly if existing data is in question.

The data is collected, organized, and filed for at least the
following eight categories of phenomena, and others if



special conditions exist:

1. climate

2. geology (historical geography)

3. physiography (land form)

4. hydrology (run-off and ground water)
5. pedology (soils characteristics)

6. vegetation (plant associations)

7. wildlife

8. land use (cultural/social values)

McHary emphasizes the necessity for completing the inventory
and subsequent interpretation of the data in the sequence listed
to aid the understanding of the causality of the natural
ecosystems. For example: understanding the climate and
geology of an area will aid the interpretation of its physiography
— an understanding of physiography aids the understanding of
run-off, stream and river patterns, aquifers and their recharge
area-— and so on, until the aggregation of the first seven aid

in the understanding of the physical location of existing
settlements.

In step three, the spatial areas of each of the eight categories
— some with specific boundaries, others only approximate—
are mapped at a common scale on translucent sheets, using
tonal ranges for spatial definition of the various characteristics
of the separate phenomena. These are the traditional
descriptive maps we have all seen, showing percentages of
slope, amount and type of vegetative cover, soil types,
.categories of land use, etc. McHarg's normal procedure is

to use lighter tones for the less constraining element,

darker tones for more constraining, or more severe elements.



10

Step four is to take the descriptive data gathered during the
ecological inventory and produce a set of "interpretive maps"
that show the processes and impacts, i.e. the long-term
behavioral characteristics, of the various phenomena.

For example: soils are definitively mapped by rates of erosion.
slopes by gradients in temperature according to orientation,
rainfall and water characteristics are defined in terms of
periodic flood levels, etc.

The next step is to realize the existence of a "social value
system' and to identify the areas of the site with particular
"social value". McHarg defines this "system' as being
constituted of the resources of land, air and water because
they are indispensable tolife. It is not, as one might first
think, the value that society places on these resources; it is
the intrinsic value of these resources, the value that they
provide to society by virtue of their existence. This is the
key concept to the analysis method and deserves some further
clarification. In his book DESIGN WITH NATURE, McHarg
states it like this: '

"_..we wish to find discrete aspects of natural processes
that carry their own values and prohibitions: it is from
these that open space should be selected, it is these that
should provide the pattern, not only of metropolitan open
space, but also the positive pattern of development. "

And he continues:

®...nature performs work for man-—in many cases this
is best done in a natural condition— further tnat certain
areas are intrinsically suitable for certain uses while
others are less so."!

1poubleday & Co., Inc., Garden City, N.Y., 1969, p.57.



A complete study involves identifying natural processes that
perform work for man, those which offer protection or are
hostile, those which are unique or especially precious, and
those values which are vulnerable to man's intervention—
values that may be either positive or negative.

The "social value system', then, consists of defining the
various natural resources of an area according to their
relative intrinsic value as determined hy the comparison of
both positive and negative qualities. The best way to clarify
this concept is, again, by example: level lands near water-
ways would have a high value for recreational or residential
development or agriculture but also represent a negative
value because of susceptibility to flooding; surface waters
would rate high for water supply, recreation and effluent
disposal but could be a negative value if polluted.

The "social values" for any project are determined by
rating all natural resources against all categories of
prospective land use such as conservation, active and
passive recreation, residential and urban development,
transportation, agriculture, etc. depending upon the
parameters of the project. An example of the chart
used for this analysis is shown on the next page as
taken from DESIGN WITH NATURLS, pages 108 and 109.

11



12

ECOLOGICAL FACTOR

CLIMATE
AR FOLLUTION

THOAL INUHDAYION

QEOLOOY

FEATURES QF UNILUE
SCIENTIFIC AND £QUCA
TIONAL VALUE

FOUNCATION CONDITIONS

PHYNIOGRAPHY

FEATURES OF UNtOUE
SCIENTIFIC AND EOUCA
TMOHAL VALUE

LAND FEATURES OF
SCEMNIC VALUE

WATEH FEATURES OF
SCENIC VALUE

RIPARIAN LANOS OF
WATER FEATURES

BEACHES ALDMG THE BAY

SURFACE DRAINAGE

SLOPE

HYDAL DAY

MARINE
Commeraial Crelt

Plawsxs Cratl

FRESH WATER

Active recreion (smmig
packlig, mh nde) bricat Lty

el

Strabm s o Tt
thishing, trmly eic |

WaTERSHEDS FOA STALAM

QUALITY PROTECTION

AQUIFERS

AGUIFER RECHARGE
ZOHES

CCONSERVATION P PAY

RO LEAT

MANKING CRITEBLA

NG 20 L
WAL e

LURIFENS )
AN v

AU Y
LITO ]

Liparing
AR & ben

(RSLIY AL

LANLHEY
AR W W

O Tt Liv
[ L e L

(1)
woal -

o Trvl
aas

ULk R
- -

£
[Yr i

Wi
L L

whaar

PR MYy 11 armd ALT
wATIR g ards b
ucel = LEadd

GHADA ST

LI R T

HAVIGARCE Likhad i S
CITLTTINC Tyl

Bil) DaPa | o F ALMIR
LARGINT & Bl

Labatod Lt pates
LARDLYS = waeind

a1 hiL

o TR YT

PR LTS L 2 1
MOAT B ARARE

iy
sl e D
[FLYLT LT AR )
[CL I NY B L

F YO RS I PO

PHLHOMENA RANY
' It " w v clel a
s [ Low Lowsat
nopere Wighec above
Bonmrtad Propwcred FroodLine .
' | Tmmin Bepemie Pt ¥ pemcn
Lot e [ra W - 1 wia varens ()
¥ ooy 3 LimH ot 3 Ciay ™t
Gl Queiation 4 GrmnPin
3 Bemar Troll
[y ey Commernn  FlndMuwh  Mwrsh nd Smeme
Dol Sedimirts @
ramm— Mrtira Sempt Brasks bn
Moo b Ousies o ha oy Sempeniing (B Ha)]
ppy—— e By Shore Ride
W
g R Trech 1 Exwpmnts 1 By Undittseenliwind
i Premariarion 2 Emiowd 1 Promonies (o)} @
Vlherk 3 Hramemockd
& Labe 1 Pond = 3 Tra Narom
7 Swoama 1 K0 Van Kt @
1 Arttene KW
[ 1 v Loke [ 1 Fhe Moot
3 Pt Paavmcen (B [ ]
3 drvbun TN
Mipetop  Comst Sord Hnach @ @ °
[reegu" Aamotoan  Ce intmmedale  Spers
—— wrixied - Ps
e et natesr mrwart
O Y oW gt [N ™o Py
femures  RAVEEA Anka KM Fren K Ruchan By @
Nodon s Fren XM TheMmroas  Antun KW AP Von KR @ @
e 1 Cleva Loks Do pords. Swsmn @ @
1 Gromrmta Luke
3 Dernach Lok
e
3 Weites o
ot Worwbaued  Swnnabeied  Urbaniiet @ @
- e weema
- e
st Noimne  Semnrtwniiet  Urbaniesd @ ® @
- it e wreams
- s
T sy Crtscweun Crysdliing
Sadmait rochy
Bt s [ Gryvallion
Swomery ke

VALHE FOR LAND USF

L}

o0 o o =]

® =rank order from left to right;

A NESIOENTAL DEVELOPMENT | COMMERCIAL & JHOUSTRIAC DEVELNPMENT

HOLOGICAL FACTOR

FEDLOCY
SOH DRAINAGE

1OUNDATION
CONDr 1 IONS

(Lo}

vEOETATION
[ nrSVING FOREST

OREST TYPE

P STING MARSHES

WILDUIFE
FUSTING HARITATS

STEATIDAL SPECHES

AATER ASSOCIATED
WACIES

#i61D ANO FOREST
SPLIES

ABAH RELATED SPECIES

LAND USE

1§ aTURES OF UNAUE
| LCATIONAL AND
n STOAICAL VALUE

PEATYRES OF S5CERNIC
2 &LUE

10 STING ANR POTENTIAL
e (FEAFIDN RESOURCES

AANKING CRITERIA

PERMEABILITY AS
HIDICATED BY THE
HEIGHT OF WATER
FABLE
WOST  w LEAST
COMPRESSIVE STRENGTH
AND STABILITY
MOST = LEAST

SUSCEPTIBILITY
MOST = LEAST

QUALITY
BEST  a  POONEST

SCARCITY

MOST - LEARS

HIauITY
BEAT & POOAEST

SCARCITY

MOST > {FAST

ENVIRONMENTAL QUALITY

BASED ON INTENSITY DF
SHORE ACTIVITY

LEAKT L MOST
ACTIVITY T aCTOVICY

ENVIROGMENTAL OUALITY

BASCE ON THE DEGAEE
OF (IRRANITATION

NON o fuLly
UNBANIZED URBANIZED

FOREST QUALITY
BEST = POORFST

PRESFNCE OF TREES
ABUNDANT = AQSENT

IMPORTANCE
MOST  m LFASY

DISTINGCTIVE
WOS! - LEAST

AVAILABILITY
MOST = LEAST

PHENOMENA RANK

Ercaant
yond

Bravelly o
rtomy. iy
e

Srwem g
L Alad

Fecoient
1 Lowisrd
2 Vohrd By

Good

Intartictal

Fuctemornd

Tovm

The Yeartara
Neige

1 Euining
pultc opet

ace
2 Fanung
At bt ony

"

Goud toir

Groefly et
o wit

Goosd

W

Wi related

1 Ambay Bowd
¥ Tottemita
Conle men

Ocoan Lirnar
Channet

Fotentid

racrestion mees

m W ¥
Lo o n
Grimamy 1 Sawiy laem 1 Abuum
rdy ot 1 Gl 1 Swarmg Mt
oty ioen 3 Nemch et ) Tebel marshioncy
4 M
Modwret sopH Slopa (D PAY1 Ot wih
1% \0Ninn oo prevelly mnd
¥ Guavatly sorch i 41 bt
Poor Dhnrbed Hone
Apiamd Unnd moki  Alrwncs
Poor Vi) Moo
Froraad el Vwira
N
] . ]
E] [ 5
3 1 *
L] 4 .
]
H 3
Ara iy Ares with Arme with
syrdmca  warween ey of
of Mdmure  of lewmarks  lendmarkh
Sherian T Tha Goneul Abeance
ey [
1 e Gusst
LT
rromeny
3 TraBayome
[
Persotiel Wecantlond  Urbplomt
rbarie teeirh iow nzs
rerbion Wy rereation
potent ll

VALUE FOR LAND USE

cp P

K]
=)

=
=]

e S O

®
e 0D
®

®
(2]

AlW]I

€. HSERVATION, # PASSIVE AFCREATINN, A ACTIVE NECREATION, A RESINDENTIAL DEVELDPMUNT, | COMMEACIAL B INOUSTRIAL DEVILOPMENT

® -rank order from right to left.



Phase Il begins with the construction of "suitability matrices™.
To identify and rank order the priorities, McHarg suggests
the construction of a series of matrices. For each proposed
land use, which will vary in both number and type according
Lo the project, the natural phenomena are listed on one axis
and rated against the previously determined restraints and
opportunities for use listed on the other axis. The land use
suitability rating is accomplished by a series of symbols
indicating a nominal ranking from suitable, to moderate
suitability, low suitability, and unsuitable. In bis later
studies, the addition of a column headed "Planning, Design,
and Management Guidelines provides for a verbal statement
from the designer to justify or substantiate the basis for

the ranking decisions.

Based upon the information learned in these analyses, a
series of maps is drawn using the environmental phenomenon
(descriptive) maps and the constraint (interpretive) maps
as base information. The resulting "synthesis maps" identify
by visual coincidence of the most positive factors, the areas
of intrinsic suitability for each particular land use. These
hand-drawn maps are produced in two copies, one showing
the suitability ranking from most to least suitable in shades
of gray from light to dark, the other in reverse order from
dark to light so they could be employed in inverted order
when necessary. The maps were then photographed as
transparencies, grouped {or overlaid) by relevant factors for
each prospective land use, and then photographed again as
transparencies, resulting in a set of maps showing the
maximum concurrence of all the positive factors and the
least restrictions.

Obviously, since some areas will show up as intrinsically

13
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suitable for more than one use, another step is required. By
combining the photographic transparencies for opposing
suitabilities— for example,conservation which represents the
least "environmental cost"— it is possible to identify areas
where the two value systems compliment or conflict with one
another .

Phase III is the "Synthesis of All Land Use Suitabilities". I'rom
the previous slep another set of maps is produced showing areas
of highest "Conservation Opportunity"” and highest "Development
Opportunity". The areas of highest conservation value are
represented by two densities of dot screen, the areas of highest
development value are represented by two densities of line scree.
When these are overtaid, the areas of coincidences of suitabilitic
are readily apparent. ln areas where the suitabilities coincide,
the options are generally toward conservation for development of
the final Land Use Plan. Particularly valuable in the final synthe:
is the identification of areas for possible compromise and trade+
Development of a suitable nature might be suggested in areas les
critical to, but still highly desirable for, conservation in order!
save the ones of highest value.



CONCLUSIONS

McHarg's system, although complicated and involved, can
be understood with some degree of study. The ecological
inventory and analysis phase is based upon scientific
criteria and proven practice in both selection of the factors
for study and their classification.

The suitability mairix is subject to some degree of personal
judyement but is replicable by anyone with exposure to
environmental conservation practices and priorities and the
ability to rationally weigh the inevitabilities of growth and
urban expansion. The key factor is the interpretation of the
collected data as it applies to the individual project which will
be somewhat arbitrary and based upon the personal land-use
philosophy of whomever is doing the value rating. This does
not negate the validity of the method; it merely emphasizes
the need for thorough study and understanding, the willingness
to consult other sources, and the value of experience. The
provision for the "Planning, Design, and Management
Guidelines" on the matrix allows for the substantiation or
validation of the decisions that are made— the basis for the
suitability ranking.

One major weakness of the method is in the complicated
processes of the evaluation and synthesis phases (Phases
II and Hi). If for no other reason than the amount of
redrawing required to arrive at the tremendous volume of
overlay maps, it would often be beyond the abilities of all
‘but the largest firms to complete within any reasonable
time period. Again, this does not negate the value of the
method; it does lead one to question whether newer

15
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techniques of reproduction could not accomplish the same
end more efficiently.

Another weakness of the method is in the difficulty in
assigning relative values to the different variables when
combined in the synthesis process. McHarg recognizes
this weakness and has attemptled various technigues o
overcome it, all of which faltev in the process of reproducing
the overlays into composite suitability maps. Numerical
weighting by grid is time consuming and difficult to work
with; screening patterns depend upon the accuracy of
application and overlay techniques; and both are limited
by the number of variables that can be accommodated.
Color, which McHarg usually uses, offers the greatest
flexibility but is expensive lo reproduce in reports and
often sulfers loss of clarity in resolution by photographic
reproduction,

Generally, it could be stated that most problems with

the method are mechanical, in both time and labor involved
and in limited reproduction techniques. However, the logic
of the ecological analysis as a basis for indicating areas
for Iuture growth and development is unquestionably sound
and worthy of consideration by any environmental designer.



Philip H. Lewis, Jr. is a professor of Landscape Architecture LEWIS
and serves as director of the Environimental Awareness Center,

College of Agricultural Life Sciences, University of Wisconsin at

Madison, Wisconsin. He served under Governor Gaylord Nelson

in Wisconsin's Department of Resource Development and also on

Governor Patrick Lucey's Land Resource Commitiee. He holds

a joint appointment to the Harvard Graduate School of Design and

was a featured participant in the White Ilouse Conference on

Natural Beauty and also Prince Philip's Conference on the

Countryside for Great Britain.

Studies he has conducted include the environmental potential

of lllinois, a recreation master plan for the State of Wisconsin ,
studies for large areas of the United States East Coast, a study
of the Upper Mississippi River Basin for the U.S. Department
of the Interior's National Park Service which was published as
KEGIONAL DESIGN FOR HUMAN IMPACT, and many more.

Prof. Lewis has also established a consulting firm,
Landscapes Limited, in Madison, consisting of experienced
Planners, Urban Designers, Ecologists, Engineers and
Landscape Architects which is furthering his work on the
awareness and protection of the natural resources of this
country amd the world.

His land use philosophy as stated is: "The blueprint for

proper land use is provided in nature in the discernible patterns
of the landscape". These are: Patterns that threaten human
survival; Patterns that offer hope for survival; and Patterns
which replenish the spirit of people and offer hope for well

being and happiness.
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Lewis' method can be roughly divided into three phases, although
as in other methods, the process is somewhat overlapping. To
begin, a systematic inventory is made of the major resource
patterns. The inventory is generally visual and is accomplished
by field surveys with the aid of existing conventional maps and
publications. The primary resources are generally identified as
occurring in three patterns— those occurring above the surface of
the earth, those occurring on the surface and those under the
surface. The second phase is the identification and inventory of
what he calls "environmental corridor patterns" consisting of
the major natural resources and the third phase consists of an
inventory unique to Lewis' process at least in method of inventory.

Ie relies upon local "experts" to identify what he terms "intrinsic"

(naturally occurring), or "extrinsic" {created by man-made
changes, adaptations, and additions) values in the landscape.

Phase one consists of a systematic inventory of the three

categories of patterns. Since seeminyly two different methods
of resource classification are used, the best way of understanding
the relationship would be to cross-reference the system by means
of a matrix, the patterns relative 1o surface conditions on one

axis, those relative to survival and well-being on the other axis.

FATTE RN THREAT HOFE ] WELL - BEING
ABo, WEATHER PATTERNS
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The rationale for this type of inventory should be obvious in
most cases but is further explained by Lewis, keeping in mind
that the goal is to identify areas either suitable or unsuitable
for man's conflicting activities of urbanization, agriculture,
and recreation. Above surface weather patterns, increasingly
and more accurately predictable, identify areas where
conditions such as temperature inversions, fog pockets, and
severe storm path patterns present possibilities of loss to
crops and life and which should be avoided for agricultural
and urbanization activities. The same is true for the on-
surface conditions of fire and flooding, identified by areas
subject to periods of extreme dryness or by high water marks,
and for disease vectors which are areas subject to severe
insect infestations. Below-surface patterns which should be
restricted for building purposes would include areas near
volcanoes, over earthquake zones or fault lines, and areas
near human waste and disposal sites so as to avoeid
contamination of fresh water supplies. These patterns are
mapped separately, at the same scale, on translucent sheets.

Areas which should be preserved and protected as the greatest
hope for continued human survival are the major cropland
patterns identified by location of highly productive soils;
scientific areas, undisturbed areas that the scientific community
considers important for study of the earth's evolution and
continuing processes; and potential reservoil sites which may
be identified by proximity to water source, soil type, and
topography. Below-surface patterns for preservation would
include aquifer recharge and ground water resources as well
as building material resources such as sand, gravel, and
other elements potentially useable for construction. flue to
the expanding population, these resources will become
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increasingly scarce and valuable because of their wide
use and limited supply.

Areas which are essential to the replenishing of the spirit
of well-being of humans are primarily those with aesthetic
qualities, difficult to categorically define because of the
subjective nature of the interpretation each individual may
have. Termed by Lewis as "landscape personality™ and
"ethnic patterns", these areas include such things as the
visual aspects of the transportation network and the
urbanization patterns, i.e. areas of existing and potential
human impact. Again, translucent maps ave used to
display the various phenomena.

The second phase of Lewis' method, and the part that makes
it unique, is the identification of the form determining
pattern which he terms "environmental corridors'”. These
are comprised of a variety of resources which, if protected,
will be capable of supporting a variety of activities,
especially recreation. The first step in this phase is to
inventory and map, on separate translucent overlays, the
elements of water (lakes, rivers and streams), wetlands
(marshes and swamps), flood plains {areas adjacent to
waterways that periodically flood) , sandy soils adjacent to
water, and areas of steep slopes and interesting topographic
forms. These maps, when overlayed, identify the environ-
mental corridor patterns that typically emerge as linear
corridors varying in width but seldom more than three Lo
four hundred feet on either side of a waterway, an area of
steep slope, or a combination of the two. The water-
oriented corridors form one type of pattern and the slope-
oriented corridors another but are often found occurring
together. It is Lewis' contention that as much as ninety




per cent of the resources which man enjoys, primarily as
visual refreshment, interest and recreation, occur within
these areas of rich diversity.

The second step in the process of defining the environmenital
corridors entails inventorying and evaluating places of
intrinsic or extrinsic value. Intrinsic is defined as
"belonging to the nature of a thing™ and in this case would
be values that belong to the nature of the environment,
those unique features of a landscape that are of interest to
man and worthy of protection by him. Examples that
illustrate this concept would be natural bridges and other
unusual geologic formations, waterfalis, trout streams,
virgin timber stands, unique wildlife habitats, prairies,
dunes, and other features that are in their natural slate.
Extrinsic is defined as '"outside the nature of a thing".
Features which Lewis considers in this category would be
such things as golf courses, canals, archaeclogical or
historical sites, tourist facilities, etc., that man has
constructed or imposed upon the natural landscape but
which have value for use and enjoyment similar to the
natural features for providing man with diversion or
recreation to replenish the spirit. In all, Prof. Lewis
has itemized some 270 such outstanding natural/cultural
features of value.

To accomplish the seemingly monumental task of
inventorying these resources Prof. Lewis relies upoi

"local experts'" such as county agriculture agents, game
wardens, college students, foresters and the like. This

is at once an advantage and a shortcoming of the system
because although local residents are more likely to be aware
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of these features, they are also more likely to overestimate
the value of the features due to pride. This is somewhal
overcome in the fact that Lewis has the local experts do the
inventory and, with the vesults sent to his office, his staff
does the evaluating. The locations of these leatures are
mapped on transparent overlays using a sophisticated set

of symbols. When these are overlaid with the environmental
corridor maps, it has been found that there is a high
coincidence of these extrinsic features falling within the
boundaries of the corridors, some ninety per cent as
mentioned earlier. Areas where the intrinsic and extrinsic
values become clustered are defined as "resource nodes",
the areas of maximum natural and cultural diversity.

This leads to the final phase of the method which is the
determination of areas with highest priorilty for protection
and recreational development. To accomplish this, Lewis
uses a numerical point-rating system. Ordinal values from
one to ten are eslablished for all the basic corridor resources
and all the natural and cultural point resources. These
assigned points are then summed to identify the areas of
highest resource value, the areas that should receive

most consideration for preservation and protection, and they
are mapped accordingly.

Lewis' inventory ends here and although no actual plan is
developed, the study allows the assumption that any areas
not inherently suited to preservation would be acceptable
for other forms of development; specifically, he advocates
development patterns that would follow common corridors
for the transmission of power and transportation and all
other urban infrastructure services.



CONCLUSIONS

Lewis' method is easy to understand with the possible
exception of the point-value rating system employed

for the "additional resource" inventory and classification.
It is subject to controversy because it is visual in
identification of the resources as opposed to scientific,
and intuitive in classification as opposed to being based
upon factual support.

It has advantages in economy and efficiency, particularly
in the use of local "experts" for the inventory, which
also promotes one of its major advantages, that of public
education and involvement in a complex system that they
may not otherwise understand or show concern for.

The mechanics of the study and presentation process of
using overlays presents no major problem as far as it
goes except in the amount of hand drawing of the maps.

It is a systeimn that is readily adaptable to computerization
for large area inventory and analysis and has been so
applied in some of Lewis' studies.

Richard k. Toth is currently Chairman of the Department TDTH
of Landscape Architecture and Environmental Planning at
Utah State University of Agriculture and Applied Sciences,

Logan, Utah. Formerly, he was on the staff of the
Harvard Graduate School of Design.
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Projects most notable in the development and use of his
method include a study for the Tocks Island Regional
Advisory Council (TIRAC)— the Tocks Island Region is

a major recreation area for the New York and Philadelphia
metropolitan region, located in the Delaware River
Watershed— and a ptanning study for the Community of
North Logan, Utah conducted by the Landscape Architecture
Department at Utah State in which Prof. Toth was the
primary advisor.

Prof. Toth has been a strong advocate of establishing standards
or criteria upon which land planners could logically base
rationale for land use decisions, and has published material
toward this end.2

His land-use philosophy, as I interpret it, is: By considering
natural resources from the standpeint of their geographical
and historic unigueness, in relation to the cultural needs of
the people, and in the dimension of time, it is possible to
formulate workable principles, specific to the region being
studied, upon which land planning decisions can be logically
bhased and rationally supported. Again, this is highly
oversimplified but will facilitate comparison.

In an uupublished article, Prof. Toth has described his
approach as it has evolved and as it is being further studied
by the students and himself at Utah State. It is a cyclic
process that can be broadly divided into three sub-categories
resulting in a nine-step process. An outline of the process is:

ANALYSIS
1. Pre-analysis {problem formulation)

2Richard E. Toth, LANDSCAPE ARCHITECTURE, "Critevia in
Land Planning and Design", (October, 1971), 43-16.



2. Data inventory and file

3. Full scale analysis
EVALUATION

4. Criteria-evaluation development

5. Concept development

6. Concept evaluation and selection
PLANNING

7. Site planning

8. DSite design

9. Implementation

In the cyclic process, critical poinis are identified which,
when reached, may require returning to an earlier step for
re—analysis or re—evaluation, termination of the study due

to infeasibility, or continuance into the latter stages.

These decisions are left to the client, based upon his needs

or desired goals or, as in the case of a governmental agency,
the scope and limitations of its powers of control.

The three major divisions are identified as: ANALYSIS—
understanding the natural and existing cultural phenomena;
EVALUATION— a study of the "interactions, impacts and
limitations of the siluation and to manipulate the information
according to the priorities of the program and of the
phenomenon itself" ;3 and SITE PLANNING-— the process of
decisions and trade-offs necessary to realize design.

In the first phase, the client, having either a given area of
land needing a use or a function needing a suitable location,
may approach the Landscape Architect. From this "issue"
develops the project and the first sector of Toth's process,
the problem formulation,begins. With background information

3Toth, "An Approach to Principles of Land Planning and
Design", unpublished, (June, 1972), 6.
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provided by the client, as to objectives, time, budget

and contract information, the research of similar case
studies is the first step. This may be the most difficult
step because Landscape Architects have been notoriously
reluctant to share information, and unless the same person
or [irm conducting the study has done similar projects
previously, the information may not be available. In the
case of government projects it may be easier since most
agencies require written reports that are published and
available to the public. This gives a broad overview of the
project and helps determine future direction regarding scope
of the process required, types of data needed, and what
expertise will be needed to resolve the problem. In-other
words, the goals of the project are defined and clarified.

Prof. Toth slates that most projects have three common
core areas— SITE, PROGRAM, and CONTEXT— defined as:

SITE-=—=—~—- a given piece of land having distinct physical
or measured boundaries.

PROGRAM--a list of things or activities intended for
the land.

CONTEXT --the setting before and after action in order
to determine its meaning, ot the background
or environment relevant to some happening.
(Spatially this would be the area surrounding
the site and having influence upon it, such as
a watershed, a drawing region around a
recreation complex, ot a region of economic
influence, ctc.)

A survey is made of these three areas, site being the first



initiated, with the intent of defining and documenting the findings
by means of graphic and narrative statements, in terms of
elements within each area considered to be beneficial, compatible
conflicting or detrimental to the earlier established goals and
objectives. New issues which arise should also be documented.
Emphasis is made that each of the four descriptive characteristics
must be considered in terms of how they interact within the three
areas of site, program and context because what may be a
beneficial aspect of the site could prove to be conflicting or
detrimental in terms of the context or program. These must

all be measured against the previously established objectives

and result in the ISSUES to be addressed regarding planning

and design evaluation.

Next, a determination is made from this preliminary study of
whether or not to proceed with the project under the objectives
established, to alter the objectives, or to abandon the project.
This of course requires going back to the client for review
which is accomplished by means of a "project opinion paper".
This is the planners judgement as to whether the project should
proceed and whether or not changes should be made. It is the
documentation of all the work up to this point.

The final step in the PRE-ANALY SIS sector is to establish the
criteria which must be considered for the planning and design
evaluation. The basis for this originates in the issues identified
in the previous steps. Prof. Toth considers a matrix the most
simple and effective means of accomplishing this. On one

axis are listed the types of information needed to more
thoroughly analyze each of the various issues listed on the

other axis. This is accomplished either by experience, best
professional judgement, or by research into the subject,



with the underlying guidance being the following:

"When attempting to evaluate an object, we look
for its value and quantity. What are the relation-
ships of this object to other units or conditions?
And since we are primarily interested in the
natural environment, we are concerned with those
phenomena which are produced and existing in
nature. This leads into the basic realm of how
they are related to each other. In discussing
resources, which are things that lie ready for use,
we are lead into the questions of what use?, how
much is there?, who will use it?, and when will it
be uscd?"4

EXAMPLE "CRITERIA ESTABLISUMENT " MATRIX
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4Toth, "Criteria for Evaluating the Valuable Natural Resource:
of the TIRAC Region, unpublished, (October, 1968), 3



Still in the analysis phase of the process, the next sector is
the data inventory and file. The inventory, an itemized list
of what, where, when and how much, is the result of the
search for data. The information gathered is mapped on base
map composites and reports are arranged so the facts are in
order for future reference. Because sources for data are
varied, it must be determined if conversion to a common
scale is needed and what it is to be.

The resources that are inventoried at this time consist of
eight categories: GEOLOGY, CLIMATE, WATER, SOILS,
VEGETATION, WILDLIFE, SLOPE, and VISUAL ASPECT (or
ORIENTATION ). Sources for the information include the
traditional ones such as the U. 5. Geologic Survey, the
Weather Bureau, the Department ol Natural Resources and
local well drillers and County Health Boards for the drilling
records, the Forestry Service and the County Extension
Service of the Department of Agriculture, State and Local
Conservation Agencies and Game Wardens, the State
Highway Department, Local Power Companies, and
Hegional and Local Planning Agencies if they exist and of
course lield surveys for the visual aspects.

Materials for study would include existing maps, reports,
histories, and aerial photos. The information is gathered in
each of the eight primary natural resource components,
which may be further defined and interpreted according to
sub-variables such as, for geoclogy, the depth to bedrock
and stability, physical uniqueness, mineral or building
potential, etc. The need for the type of information
required would have been established in the earlier stages
of the pre-analysis which should define and limit the
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gathering of data to only that which is essential to the
project. Another consideration at this time would be a
determination of whether the established {(or given) site
boundaries are sufficient to fully understand the repercussions
of the project and surrounding areas or if it is necessary that
a larger area be included.

The purpose of the structure of the inventory is to identify
the natural components which define the character of the
area, to delineate those which are necessary to maintain that
character, and to identify the role and relative importance
each component has in the total identity.

In addition to the natural resources, it is necessary to
inventory the MAN-ACTIVITY components ot the area. These
are defined as the major land uses or development types that
could affect the study area and are classified by Toth as:
TRANSPORTATION — primary, sccondary and service roads,
rail, air, and water ; SETTLEMENT PATTERNS— urban, sub-
urban, and rural; and RECREATION — land-active, land-passive,
water-active, and water-passive.

It is important to vavify the accuracy of the data, either by
field survey or through a specialized agency. The data
varification step concludes the second sector of the process
and prepares the planner for the third sector which s

FULL SCALE ANALYSIS.

This sector is basically the same as the preceeding one but
is much more thorough. Again, the three core areas of
SITE, PROGRAM, and CONTEXT are considered, this timne in
light of their FUNCTION, STRUCTURE, and INTERACTION,
that is, how a system works, its pattern and the relationship



of its parts. To accomplish this, Prof. Toth suggests the work
of Biologist W. D. Billings is a valuable tool for analyzing the
function. Billings' method is to divide all environmental
factors into physical and biological components so that one may
better understand the working relationships between the various
parts. The theoretical division which he suggests is:

PHYSICAL—
1. energy 5. gravity
2. water 6. topography
3. atmosphere and wind 7. geologic substratum
4. fire 8. soil
BIOLOGICAL—

1. green plants, the primary food producers which
fix the sun's energy

2. non-green plants, composed of the decomposers
(s0il fungi & bacteria}, the parasites (pathogenic
fungi & bacteria), and symbionts (those fungi &
bacteria which live in close association with
organisms and the roots of higher plants

3. animals

4. man

This abstract separation of the elements of the environment,
although impossible in actuality, is necessary to a thorough
understanding of the function, structure, and interaction of
the various environmental factors.” It is the basis upon which
the site, program and context may be analyzed in terms of
whether the various elements are considered to be LIMITING

Sw.D. Billings, PLANTS, MAN and the ECOSYSTEM , Wadsworth
Publishing Co., Belmont, Ca., 2nd Ed., (1972), 1-42, from

loth, AN APPROACH TO PRINCIPLES OF LAND PLANNING & DESIGN,
9-10.
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FACTORS— those which limit growth or reproduction of an
individual or community; TRIGGERING FACTORS— those cha
changed or new factors which set off a chain of events in an
evironment o1 ecosystem; whether the factors provide
RESILIANCY or STABILITY to the ecosystem; or whether
there is a CAUSE and EFFECT relationship belween the factors.
The overall objectives of this sector are to make soine
determination of the renewable or non-renewable resources
and the reversible or irreversible conditions inherent in the
three core areas of site, program, and context, and to
determine the performance standards necessary to resolve
the impact on the site crealed by the desired uses as well as
the best possible utilization of the existing amenities.

To accomplish this analysis a chart is constructed for each
of the eight categories of natural resources listing all sub-
variables on one axis and the major man-activily components
on the other axis, allowing room for sub--total and total
columns. Each resource is checked against the activity in
the block and if the combination is desirable the block is
filled in. The total number of squares filled in are added
and the totals entered in the sub-total and total blocks.
These totals are used in the next step of the analysis to
determine priorities for mapping resources. The frequency
of requirement or desirability for the separate subvariables
of the resources are then tabulated with the variable having
the highest frequency considered to be the highest priority
for research and mapping {(see following diagrams).

Using this criteria, the preliminary mapping is then done
using translucent materials so that the different resource
variables may be overlayed to facilitate the comparison and
coincidence of the areas as desired.
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This analysis should result in a set of statements and maps
regarding the IMPACT and UTILIZATION of the project within
the areas of site, program and context, and set forth
PERFORMANCE STANDARDS to he followed to install the
project on the site with the minimum IMPACT to the
environment. If it is determined by the planner to continue,
since this is another point of decision, one should again
return to the client with the findings. It is also a point where
the new information collected should be reconsidered in
relation to that already on file and vice-versa.

The next step, Sector 4, could be considered the [lirst step

in Phase Two, the EVALUATION PHASE. Indicated as a
separate step, it is directly a result of the preceding activity.
In this sector, the "final" criteria for various planning and
design considerations are established and documented. All
criteria must be carefully researched and the sources
documented and this then becomes the base for the
MEASURES FOR PLAN AND POLICY EVALUATION. These
measures— such as economic, social, behavioral, natural
resource, political and aesthetic concerns— contain all
possible considerations and concerns relative to the site,
program and context, and also a full representation of the
various activities or land uses with a demonstration of their
fithness to various locations within the site or study area.

in addition, the environmental consequences or impacts of
the various proposed uses should be represented. All this
work should be displayed and documented in narrative,
tabular, and graphic form in the most comprehensive manner
possible to identify their purpose and function.

Sector 5, the second step in Phase Two, Prof. Toth identifies
as CONCEFPT DEVELOPMENT and is the step which many



methods gloss over and most designers fail to document as
the support for their final design decisions. It is at this
point that the process shifts from analysis— the separating
of the whole into its parts to understand their interactions
and relationships-— to the reciprocal, synthesis-~the putting
together of parts or elements to form a whole. The process
now goes from general to specific functions, and again has
numerous checkpoints along the way.

This sector consists of two simultaneous but independent
processes: PROGRAM SCHEMATICS— the development of
various alternatives of the program; and SITE SCHEMATICS—
various alternatives for the use and layout of the site. To
eliminate constraint of ideas, each area is worked independently
in the initial stages. Prof. Toth states: "The schematics should
e xpose functional relationships, circulation systems, utilities,
services, spatial characteristics, and form alternatives
inherent in both the program and site,” and as many
alternatives should be accomplished as time and budget

will allow.

After the individual studies are completed for PROGRAM and
SITE, they are tested in various combinations and the
combinations are picked which satisfy the resolutions of the
problem. The chosen combinations are then checked against
the CONTEXT of the project for their general fithess to make
sure various other issues of the project are not violated.
Meeting all the criteria thus far, the chosen combinations
are documented as DEVELOPMENT CONCEPT ALTERNATIVES.

Sector 6, the last in the evaluation phase, is entitled CONCEPT
EVALUATION AND SELECTION. It consists of checking the
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development concept alternatives against the measures for
plan and policy evaluation established in Sector 4, and against
the objectives of the project. Should the unlikely happen
(because of the thoroughness of the analysis phase) that none
of the concepts are acceplable (and the client should be
involved in this decision) several alternatives are possible.
The first option is to check each concept to see if there are
areas of a consistency of low performance. If this is the
case it may be due to certain elements with respect to
context of the project such as existing zoning, adjacent land
uses, etc., which are serious constraints to onc of the major
objectives common to all alternatives. The solution would be
to see if that objective can be changed without seriously
jeopardizing the client's options or if not, perbaps new
performance standards would have to be developed.
Providing no major change in the cost-benefit analysis of the
work is created, the planner could resubmit the concepts
with the changes, re-evaluate them and select the one having
the best performance.

Option two would be to return to the SCHEMATIC stages of
concept development and try to eliminate the causes of the
low performance. Again, new alternatives or combinations
would need to be subjected to the subsequent processes to
re—evaluate the benefits for each concept.

The third option would be the possibility that a nummber of the
criteria used in formulating the various MEASURES FOR PLAN
AND POLICY EVALUATION (from Sector 4) are overly
constraining the performance of any or all concepts. The
criteria should be re-examined and if feasible, new MEASURES
established. The concepts could then be re-checked against
the revised MEASURES.



Assuming one or more of the concepts was satisfactory,
PRIORITIES would be set and CONCEPT SELECTION would be
made. Before proceeding further, it would be necessary

to substantiate the chosen concept by means of FIELD

CHECKS to assure there are no surprises on or under the
ground, to check with the agencies so far involved to assure
approval, and to re—exainine the COST-BENEFITS and PHASING
in order that the client be allowed an opportunity for fiscal
evaluation before work on the project moves to the more
detailed study.

With client approval, work would then proceed into Phase
Three, the SITE PLANNING AND DESIGN PHASE. In Sector 7,
SITE PLANNING, various uses are designated, space and form
are proposed, planting concepts are considered, circulation,
service and utility patterns are determined, structures are
located and site engineering is begun. Scale changes may

be required to achieve proper detail, and the results would

be a series of base maps of the sile.

Again, before moving on, client approval is necessary.

If approval is not given a reworking of the site plan would
be called for. If approved, work could begin on the REPORT
including layout, photos, writing, editing and printing.

The next step or gradation is to more specific design. This
would be Sector 8 or SITE DESIGN, consisting of plans and
sketches, models, study sections, details and materials
selections. Again a scale change would probably be
required for proper detail and the result would be a series
of base maps for the specific site plan. The next step

would be the production of layout drawings, planting designs,
construction drawings, services and utilities drawings,
lighting and details, cost estimates etc. as required.
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The only remaining step would be IMPLEMENTATION,
Sector 9, to be undertaken with client approval. This
sector would consist of working documents and
specifications, bid documents, contracts, further cost
estimates, and ultimately, supervision of the installation.

CONCLUSIONS

Obviously, Prof. Toth has taken us beyond the process of
resource analysis and into the process of site design.

The entire process was included here because of the inter-
relationships of the various sectors of his method but

since the primary objective of this report is methods for
analyzing natural resources, comments will be limited

to the first six sectors directly relating to resource analysis.

Prof. Toth's system is one of the most thorough of the
methods analyzed for this study. It is relatively easy to
understand and the process of siudying the characteristics
of the site from the standpoint of their UTILITY for the
proposed uses of the site weighed against the IMPACT the
proposed uses will have on these characteristics presents
a strong basis for the decisions reached.

The large quantity of maps required in the ANALYSIS and
EVALUATION phases would require much time and labor to
execute unless the process were aided by computer, which

he frequently uses. Due to the amount of study accomplished
in the PRE-ANALY SIS phase, however, the search for data and
the production of displays should be limited to only the
absolute essentials.



The first thing one notices in studying methods of resource
analysis is the different terminology and jargon that each
individual uses to describe similar processes, or the use

of the same word(s) to describe dissimilar processes. To
help alleviate the problems thus created, the chart on the
following page attempts to compare the terms used in the
three methods studied here to identify the elements of

the environment with which they are concerned. In addition,
a glossary has been prepared to clarify the use of terms in
this study.

All three of these methods are primarily intended for, and
best suited to, the study of large areas with multiple land
use considerations. However, with reduction in scope and
extraction of only the pertinent elements (determined by
need) any of the methods would provide systematic guidance
for the analysis of a site for a single use, such as a
residence.

The primary concern of all three methods is the preservation
of nature but the means for achieving this are somewhat
different. MclHarg and Toth seem to believe that developments
to accommodate man's activities can and will occur anywhere
but by logical and scientific processes the most valuable
natural resources can be identified and preserved. This would
lead to a form of scattered or random open spaces and mixed
development as a result of fitting land uses to inherent
qualities of the land. Lewis' method, on the other hand, by
advocation that areas of natural resources beneficial to man
occur in "corridor" patterns, would lead to mixed development
in a linear pattern.
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McHarg seems to consider man's activities as intruding
upon nature while Lewis and Tolth consider man as a user
of nature— all agree that controls are necessary to
protect it from misuse o1 abuse.

Toth appears to be the only one who mentions time as a
value determinant in considering the use of resources. In
essence, he portends that what is considered a valuable
resource al present may not be so in the fulure or, con-
versely, that as yet unrealized needs may increase the value
of some resources not valued at present. By directing
development to limited areas, he allows an open-endedness
not apparent in the other methods. Their values are based
upon present knowledge and resource usage projected into
the future.

All methods use basically the same source for gathering
data but Lewis adds the element of involving the people of
the area being studied— a definite advantage in the area

of public relaticns and education. However, he relies more
upon perceplion or visual interpretation of the arca than

the others and this would seem to he more difficult to
Justify and support than would decisions based upon
scientific data or past experience.

Mctlarg, Lewis and Toth have all used computers to aid

the data storage and retrieval process and McHarg seems
to be the only one who does not prefer this method, although
he states it is generally due to limitations imposed by
computer availability and budget. On the other hand, Toth
has been active in developing computer analysis



methods as has Lewis to some lesser degree. All three
agree that it depends upon the scope of the project and number
of variables to be considered, efficiency realized only at

the higher end of the scale.

All of them do use some form of transluscent or transparent
overlay technique (when not using computer) in the analysis
and evaluation phase which requires a multitude of hand-
drawn maps. Consequently, all are subject to the limitations
imposed upon this process by either time, available labor,
or budget.

This leads into the second part of this study which is a

look at a graphic technique that aids the process of analysis
and evaluation and may be an answer to bridging the gap, or
"missing link" between analysis and design.

Most methods of resource analysis use some combination

of base maps and translucent or transparent overlays
consisting of color, numeric, alphabetic, or pattern sym-
bology to study the relationships of the different variables.
Commeon practice is to first produce data maps of the

existing conditions of the site. These are most often produced
on prints of a base map that has been drawn initially on a
translucent material. These maps are most often colored

to distinguish the gradations of each variable (subvariable),
for example, a data display map of soils would define the
boundaries of different soils such as fine sands, coarse sands,
peat and organic, and wetland soils. (This example and

all others used here are strictly examples and not intended

to portray a method}. A color and scale of tones is chosen
and for each different type of soil, the area is "colored in".

HAND-
DRAWN
OVERLAY
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The result would typically be fine sands represented as a light
tone of brown, course sands a darker tone, peat and organic
a still darker tone, and wetland soils represented in the
darkest tone. Again, this would typically be called a "DATA
DISPLAY MAP".

The same procedure is used for all other variables which
might include; slopes with subvariables in steepnoss categories
such as Flat (0-6%), Medium (7-15%), and Steep (16% or
greatetr). Convention would indicate use of a different color
for slope than was used for soils, say a tonal range ol gray;
vegetation might be represented in tones of green; water
conditions in blue; climate by colors indicative of the condition
such as golds or reds for warm, blue or greens for cool, and
so on. The process continues until all data selected for
analysis has been mapped and colored for ease of recognition
and, obviously, for display purposes.

The next step would be analysis to find areas of coincidence
of the variables. To accomplish this it is possible to overlay
the data maps on a light table but this process has severe
limitations in that the graphic codes can not be changed.: If
the subvariables were to be used differently in the analysis,
the maps would have to be redrawn and recolored. To
illustrate, steep slopes may be desirable for some uses, and
undesirable for other uses. This is difficult to portray and
visualize (particularly for the layman if the maps are used
for display) so the maps are either redrawn using different
symbology—reversal of color tones, numeric or pattern
symbols, etc.—or else the transformation is done in the
designers head due to time or budget restraints (the ™missing
link"! ).



Foliowing this would be evaluation to determine use
suitabilities, constraints, attractiveness, or vulnerability,
etc., either inherent or imposed by the resources, perfor-
mance standards, objectives, or whatever, depending upon
who is doing the study or what method is being used (again the
problem with multiplicity of terms). Obviously, this would
require another set of maps, probably with a different sym-
bology, and the complicated, if not difficult, procedure of
overlaying and trying to keep all the variables straight.

Besides the bulk of maps and amount of time and labor in
producing them, especially if the project is large or complex,
there are techinical limitations to this type of approach Lo

analysis and evaluation. Charles Killpack, a Landscape Architect,

currently affiliated with the Holcomb Reserach lnstitute at
Butlier University, Indianapolis, Indiana did a preliminary
study (unpublished) whil at Utah State, on graphic techniques
used for resource analysis in which he also attempted to
portray the relationships and limitations of the variou
overlay techniques commonly used (number, symbols or
tones) .

He determined, and states: "When two variables (with 4
subvariables) using either tones or nuinbers are overlayed
the maxium number of distinguishable levels is 7. In a
similar example of using symbols there are 10 distingishable
levels (see diagrams). Remember this is only due to the
inability of the user to make symbols perfect each time.
There is definitely overlap when the same symbol is drawn by
-hand and then overlayed."
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"Again, in a similar example, weighting one subvariable,
the numbers and tones have 8 distinguishable levels while
with the same parameters the symbols have 13 levels.”

Killpack further identifies a subtle but serious problem with
this type of analysis and overlay process: "...most users
never stop Lo consider what each level {tones, numbers or
symbols) represents. For example, if through the numeric
procedure a 3 is derived; this 3 can either be a combination
of 0+3, 340, 2+1 or 1+2. When using a symbol or hatched
method at least the combination of 0+3 and 340 can be
distinguished from the 2+1 and 1+2.

Anotlier analysis technique is to use a computer for data file
and mapping. Again, determinations must be made as to data
required, it is then converted to computer—-compatable form
and stili requires the definition and location of the variables
and subvariables into homogencous zones. This is the same
as the hand-drawn data map process but at this point the
similarity ends. By virtue of the encoding procedure and
capabilities of the computer, it provides separable access to
each of the subvariables. In other words, each subvariable
can be recalled selectively and, additionally, it can be
recoded according to the criteria required by any particular
analysis. Using the same example of slope, the compmiter
could print a map showing steep slope as a lighter gray tone
and a desirable attribute or, by recoding, print another map
showing steep slope as a darker gray tone and undesirable.

The computer also has the capability of combining the
variables with the constraint data (encoded and entered as a
separate step} to determine areas of coincidence but again
the symbology available in the computer as well as limitations



of tonal differentiation in display technically limits the number
of combinations possible.

Another often claimed disadvantage of the computer is its
availability and cost. At current standards computer analysis
is most efficient in projects involving large numbers of
variables requiring many separale analyses.

One solution to these problems is advocated by a Landscape
Architect currently on the staff at the University of Wisconsin,
Carl Steinitz, who is credited with the initial development

of the system while working with Bill Johnson of the firm of
Johnson, Johnson, and Roy, Inc., Ann Arbor, Michigan in 1973.
The need for a prototyped study of the Natural Environment

of Michigan's Upper Peninsula in a short time and limited
budget led to the search for a technique based upon the issue of
", ..how to set up a hand-drawn graphic analysis system which
could flexibly and appropriately use the available data to
perform a large number of analyses without the expense of
redrawing 200 potential evaluations. "7 The 200 potential
evaluations consisted of twenty land use aclivities which had to
be evaluated for ten possible impacts.

The result was a hybrid—a cross between the hand-drawnmaps
and the data file process of the computer. Hence it has

been termed the "HAND~DRAWN DATA FILE PROCESS." 1L is
made possible by a graphic process originally developed for
pre-press color-proofing in the printing industry which permits
positive reproduction of black-on-white originals to color-on-
clear-plastic transparencies. (See appendix I for a complete
description of this process) Although this process of making

7Carl Steinitz, Paul Parker, Lawrie Jordan, LANDSCAPE
ARCHITECTURE, "Hand-Drawn Overlays— Their History and
Prospective Uses", (September, 1976), 449.

HAND-
DRAVVN
DATA FILE
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transparencies has been used in overlay analysis previously,
what makes the Steinitz system unique is the "data-file" which
will be described later.

As in the hand-drawn overlay or computer analysis procedures,
it is necessary to determine data needs, obtain data source
maps and deline the homogeneous zones of the variables and
their sub-variables, and establish analysis criteria. Here

the similarity ends. Instead of coloring the sub=-variables on
the maps the areas are outlined on an overlay, which may be
plain white bond paper, one sheet for each different sub>-variable
The areas are then "colored in' using black ink (opacue)

and become what Steinitz calls the "plates". This is all the
hand-drawing and "coloring that is required, the same amount
as one hand-drawn data map. [t should be pointed out that

it is advantageous, both in time and materials, to use the
smallest base maps possible and still achieve the desired scale.
A base map of 8k x 11" would normally be sufficient to accomnr
plish the breoad analyses required in resource analysis studies.
This provides efficiency in two respects: display may be
accomplished by overhead projector or photographing the
composites as slides (quite often used for hand-drawn maps
executed at a larger size) or the composites may be directly
reproduced in black and white or color to be used in printed
reports.

After these "plates" are produced, colored positive trans-—
parencies are produced in the desired color or colors and all
subsequent maps are derived from composites of these trans-
parencies.

For analysis purposes, Steinitz recommends reproducing
each "plate" in five copies, two red, two green and one black.



The five transparencies are then filed by category of the
subvariable. For example, all five transparencies for the
category "slope 0-6%"' are placed in one folder, those for
"slope 7-15%'" in another folder, and so on, each subvariable
having one folder containing the two red, green, and one black
transparencies. However, | would point out that this would be
sufficient for producing a "complete" analysis in which each
variable had a maximum of only 3 subvariables due to the
duplicate overlay of one subvariable required to produce a
darker tone, as can be seen in the following example.

To produce DATA DISPLAY MAPS , like the ones using graded
tones of one color to identify homogencous zones of the sub-
variables, one would simply go to the file, withdraw trans-
parencies of the same color for each subvriable as required

and combine them over a base map of black-line-on-clear-
plastic produced in the same manner as the other transparencies.

For instance, again using slope for consistency of comparison,
assuming the need was to produce a data display map showing,
as before, the lower slopes lightest and the steepest slopes

in darkest tones. One could allow neutral to represent the
0-6% slope category, a single transpavency from the 7-15%

file to represent that category, and two transparencies of the
same color from the 16%+ category. When combined the
duplication of the transparencies for the "sleep" category
would produce a darker shade of the color and thus the homo-
geneous zones are graphically apparent.

If a larger range of subvariables were required, onc could
use the green copies to represent steepest slope or to remain
comparable to hand-drawn data maps, one could reproduce
more copies of the required categories from the original
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plates— remember, no additonal hand drawing required-— and
the representation could be accomplished by progressively
increasing the number of sheets to achieve the desired pro-
gression of shades. After the map is recorded, or the analysis
is completed, the transparencies are returned to their respectiv
files ready for re-use.

The preceding composite showed steepest slopes as darkest
which would, by convention indicate steeper is more restrictive,
or that steep is bad. To indicate steep as desirable or good, it
is simply a matter of selecting the transparencies from the
"data file" to reverse the progression of shades from light

for steeper to darkest for {latter.

Once the assembly of transparencies for the data base map

is completed it may be recorded in one of several way. It

will reproduce in shades of gray on a black and white copier

or in tones of the color on a color copier (such as Xerox
machines). It can be photographed as a slide for projection

or as a print to be enlarged to poster size for display if required
They can also be reproduced as single, color-on-clear

plastic sheets by using color Xerox or 3M "TRANSFER KEY "
which is similar to "COLOR KEY" but has the capability of

four colors on a single sheet.

As in the other methods the next step of the process would be
ANALYSIS. By interpreting the natrally occurring subvariables
into desirable or undesirable elements for the proposed uses,
composites can be constructed showing coincident area of
highest desirability or undesirability, areas where suitable
uses may conflict, etc. A particular advantage to the data

file system is the capability for selectively weighting any
subvariable. Simply by adding a duplicate transparency of



the subvariable, the darker shade produced indicates area

of increased desirability or undesirability. For example,
assume that the proposed use is residential housing and that
desirable criteria would be slopes of moderate steepness
(7-15%) , fine or medium coarse sands, and wooded arecas.
The individual transparencies of the same color, for each of
these different variables would be withdrawn from the file,
overlaid on a light table and the most desirable areas (areas
containing the greatest amount of these attribute) are evident
in the darkest areas, next most desirable areas in the next
lightest shade and so on. If soils were the most important
criteria, double weighting of this subvariable would be
accomplished by adding a second transparency flor it. Or
assume that in this same analysis one criterion was
particularly undesirable, say locating a residence closer than
200m to a major thoroughfare. A transparency depicling
highway proximity as 0-200m (assuming of course this was in
the criteria that had been previously established) could be
withdrawn from the file, selecting a different color, and
overlaid with the other composite. This would automatically
indicate elimination of any site within that area that might
otherwise be desirable.

Again, these composite ANALYSIS maps are reproduced as
before, as transpatencies, and they can be overlaid in the
EVALUATION phase to determine areas of conflicting use {all
proposed use maps) areas of tolal site desirability or
undesirability (all respective desirability/undesirability maps,
or composites of any other criteria depending upon imethod of
analysis used) .

If, in the subsequent design phase, one wishes to test a major
infrastructure change it is a simple process to produce a
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transparency (or set of them) for the changed item only,
return to the DATA FILE for the other relevant criteria
transparencies and analyze the effects of the change. In
the synthesis phase, production of numerous alternative
selutions is possible simply by recombination of the appro-
priate transparencies and reproducing them as opposed to
drawing a separate map for each alternative.

Additional advantages include use in prinled publications. If
color is to he used the separation is already done, so photo
offset plates can be produce directly from the element maps,
eliminating the expensive photographic color separatlion process.
Or if black and white is used, half tone reproductions are
similarly possible.

Since most reports are 8% x 11" format, if the data-file
system is accomplished at small scale, the need for photographic
reduction is also eliminated.

There are some technical problems with the process but seemn
minor when weighed against the apparent advantages. There

is a small amount of overlap that develops froin the drawing

of the original encoding map to the coloring in of the subvariables,
It may be no more than the width of the line drawn for the
encoding map but if using an extremely large scale it could be
distracting in the overlay process. An illustration wil clarify.

Achieving and maintaining proper alignment, or "register", of
quantity of the overlays is a slight problem. The polyester
material does not accept punching with a standard paper punch
so another method of penetration would be necessary for the
obvious punched-hole-over-post register method. Pins or thumb
tacks will penetrate the poly without damage and have been used.



Adhesives are unacceptable because of the interference with
the "data file" system of storage.

Cost of materials is another disadvantage frequently voiced.
However, if one considers the amount of time and labor saved,
the cost of conventional mapping process materials (large sheets
of paper, duplication of prints, and markers for coloring) and
the photo reduction or color separation processing for printed
reports if they are to be done, there is room for serious doubt
that the DATA-FILE SYSTEM is "expensive in a relative sense.

CONCLUSIONS

The "HAND-DRAWN DATA FILE SYSTEM" can facililate all
phases of any method of resource analysis from data display
mapping Lo the analysis, evaluation and synthesis phases

and on to presentation. After gaining experience in using the
system the only limitations seem to lie in the creativeness of
the user. Carl Steinitz states:

"Our experience in teaching and professional work,
and that of the people who are already using this
simple method shows that it is flexible, efficient
and useful. It is easy to explain on a light table

or with an overhead projector; and it is easy to
Change."8

Most importantly, the proposal originally stated in the
introduction that this technique offers a solution to the

8ibid. , 454.
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"missing link that is so often apparent in conventional
analysis and presentation techniques, the communications
gap between designer and client or lay public, is further
supported by his continuing statement:

"It brings across many important aspects

of design; among them the direct relation-
ships between criteria, analyses and design
product, the appropriate requirements for
data, the need to pre-define how designs

will be evaluated, and the possibility of

using more formalized synthesis approaches. n9

It in nearly a cemmonly accepted fact that natural resources
must be used wisely and protected from further abuse if

the increasing human population of the earth is to survive.
Landscape Architects, as designers of outdeoor spaces, are
in a position to accept the responsibility of leadership in

the area of preservation. To do so, they must be equipped
with the latest, most efficient methods of practicing and
promoting their profession. McHarg, Lewis, and Toth have

provided insight and theory for natural resource identification,

analysis, and evaluation worthy of emulation. Steinitz has
provided a graphic technique with the potential to lessen the
designers menial task at the drawing board, to ease his
analytic processes and provide the means of more efficient
and thorough evaluation. It also facilitates the communi
cation of his logic to the client or public. The "mystery" is
gone, the “"missing link" can be filled in, and all are better
off for it. '

Ibid .



APPENDIX I

There are several commercial products available for the production of color-on-clear-plastic trans-
parencies. This is a description of one of them, the 3M brand "COLOR KEY'" CONTACT IMAGING
MATERIAL, available from most printing supply houses.

The product consists of pre-sensitized ink pigment coatings on clear polyester sheets, a chemical
developer, and chemical fixer. It is available in both 'positive acling' (for duplication) and

'negative acting' (for reversal) in sheets from 10" x 12" up to 25" x 38" size. Positive acting is most
suitable for map production, in most instances, and is available in light blue (cyan), magenta yellow,
brown, green, orange, red, blue and black.

The process consists of exposing the "film" to original copy (positive) using an ultra-violet point
light source such as carbon arc, mercury vapor, pulsed xenon lamps for extreme accuracy or black
light tubes, photo floods or diazo machines where copy is more coarse or less accuracy is required.

Exposure time can range from about 25 seconds to 4 minutes depending upon light source and density of
original.

Developing is accomplished by wiping with special chemical developer which removes any of the coating
exposed to the light, leaving the image "blacked out” by the positive image of the original as a
transparent color image on a clear polyester sheet. The sheet is then rinsed with water, the chemical
fixer is applied, it is rinsed again, squeegeed and blotted dry with absorbent paper. It is then ready
for usc in overlay and is a permanent copy with indefinite life.

The shelf-life of unexposed film is unlimiled as long as stored in original carton and the polyester is
dimensionally stable which is important for scale and overlay reliability.

"Color-key" can normally be used and processed in ordinary room light conditions although red or
yellow safe light is recommended if it is to be handled out of the carton for extended periods.

SOURCES:
"How To" Guide for Design graphics, 3M Brand COLOR-KEY CONTACT IMAGING MATERIAL,Industrial

Graphics Division, 3M Center, St. Paul, Minnesota. Processing Instructions Brochure: Mr. William
Beard, Central Indiana Sales Representative, Indianapolis, lndiana.
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ANALYSIS

CRITERIA

DATA DISPLAY MAP

DESCRIPTIVE MAP

ECOSYSTEM

EVALUATION

INHERENT

INTERPRETIVE MAP

INTRINSIC

NATURAL RESOURCES

PARAMETER

GLOSSARY

The separating of a whole into its constituent parts or elements so they may
be understood separately or in relation to the whole.

Standards on which a judgement or decision may be based.
A map constructed for purposes of displaying a given or constructed set of data.

A map portraying the character of any phenoinena in a manner that is without
value judgement; existing conditions or data map; observed conditions.

A system formed by the interaction of a community of organisms with their
environment.

To ascertain the value of amount of; to asses, appraise, or rate.
Belonging to the nature or essential character of anything: intrinsic.

A map portraying the character of any phenomena in a manner representing
some form of value judgement; perceived guantiy or guality ratings.

Same as inherent.

Resource is defined by Webster as being "a new or reserve source of supply
or support." Natural resources then would be the occurence of sources of
supply for life-supporting elements (soils, minerals, water, air, vegetation,
etc. ) as they occur in nature, and are essential to the support of continued
existence of life, particularly human life.

A quantity to which the operator may assign arbitrary values.



SITE DESIGN " Considerations of details, form, color and texture *of the various structures
and aclivities planned for the site.

SITE PLANNING The locating of structures and activities in three-dimensional space, normally
a contiguous area under the control of one agency. Distinct from the design
of objects such as bridyges, buildings, from interior design and from the layout
of small or isolated exterior settings. **Overall sile structure and functional
relationships of one activity to another.

VARIABLES An item subject to or likely to vary— changeable.

* Toth "A Planning and Design Process", p.10.
** Lynch SITE PLANNING p.5.
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