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ABSTRACT 

The Integration of Multiple Objectives in  Urbanizing Watersheds 

The report i s  a generalized effort to describe and apply a development guidance 

system to  an urbanizing watershed. Presently, the participants in the process operate 

within different spheres of interest and varying time frames. An essential objective 

i s  to identify a natural unit of the watershed as a focus for development that w i l l  

permit the realization of objectives in a simultaneously integrated manner. 

The participants are real estate developers, public interest groups, a parks 

department and general c i ty  management concerned with public works and invest- 

ment priorities. A development guidance system that w i l l  admit public interest 

groups to  the decision process and ad just private developer's interests through 

granting premiums for environmental conservation i s  recommended. 
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SUMMARY A N D  CONCLUSlCNS 

Conversion o f  land from non-urban to  urban ca ses i s  a d i  sjointed and incremental 

process. i t  proceeds one subdivision, shopping center or apartment complex at a 

time. The urban pattern emerges as a result. Public services such as sewers, roads, 

parks and open space are planned as a response to ini t iat ive of the private sector. 

The present process favors the developer, He assumes financial risks and in- 

volved capital investment and the public regulatory process i s  mainly supportive 

of private ini t iat ive, 

The private sector, land developers and realtors are the maior participants in 

the urbanization process. Their objectives l ie  in  matching their product with the 

demands of the marketplace within a framework of economic eff iciency. Public 

management i s  concerned with the eff iciency and adequacy of publ ic  systems such 

as roads and uti l i t ies. In i t ia l  costs and ultimate maintenance of the systems provide 

criteria for their objectives. The parks and recreation program i s  not supported by 

private ini t iat ive. Wi th in a public investment eff iciency framework, this program 

competes for land i n  the emerging complex with the developer. The objectives of 

the parks planners i s  roughly related to the fourth participant, the public interest 

groups concerned with environmental deterioration. These groups see increased 

erosion and stream siltation, sealing of wetlands with resultant flood severity and 

disappearance of wooded and open land as a diminution of environmental qual i ty.  

Objectives of each group are not specific but can, i n  the instance o f  devel- 

opment and public services, provide continual guidance of their role i n  the process. 

Environmental interests have as yet no extensive experience and they do not play 

a formal role i n  the process. 

The objective of the study i s  to outline a process which provides a role and a 

format within which each group can participate. l t  i s  a generalized treatment of 

the problem intended to demonstrate only the process and not a detailed solution 

for each facet. 



A major underlying assumption i s  based on the authorskonvict ion that 

environmental quality i s  a legitimate objective and that the present process must 

be revised in  order to accommodate and attain i t ,  As an objective i t  cannot exist 

or be included i n  the decision framework without people advocating its inclusion. 

These people, therefore, must be given a place in the decision process. 

A second assumption i s  that satisfaction of environmental quality goals cannot 

materially detract from the objectives of the other participants but must support 

and amplify their role. 

A third assumption sfates that actions designed to  promote environmental 

quality cannot be remedial, Such action as i s  necessary must be integral with the 

activit ies of other participants, 

The project attempts to focus on development of a common format that relates 

people involved in  the decision process to  the landscape and its capacity for 

change. A t  present, there i s  a sequence of key points i n  which the private and 

public interests come together to coordinate activities. This  centers about the need 

for approval from public regulatory agencies for private development to  proceed. 

This  process i s  called a guidance system. Public agencies respond to requests from 

a background of standards designed to promote the public interest. These standards 

are derived from formal policies such as zoning, suhdivision regulation, fire and 

police protection, sanitation and general public welfare. 

The process the study pitoposes i s  based on altering the standards from which the 

regulatory agencies respond and to add new participants to  the process. Changes 

in  the regulatory process focus on a way to  incorporate the conservation of natural 

processes into the format. Phis i s  dependent; upon including them in  zoning and 

reguSafory standards, The basic natura! system i s  drainage which i s  a function of 

topography and land form, 

vi i f  



A drainage basin can be decomposed hierarchically in to smaller and smaller 

watersheds, each of which 1s a natural and self-contained unit. The smallest 

practical unit i s  one of several hundred acres which i s  termed a land module i n  the 

study. A module and its development derivation, the development unit, provide 

a basic format for altering standard approaches and integrating objectives. 

A development unit i s  the crown of land between two modules and can be 

considered as the smallest unit of development and planning. Units contain both 

man-made and natural capabilities which can be expressed as the development 

index. The index i s  a synthesis of e seven factors reflecting its capaclty . The 

index i s  related t o  suitable land use categories and can be used as a supplement 

t o  zoning. 

Based on the index and its requirement that natural and physical system 

potential be evaluated before proceeding with changes, a means for negotiations 

between the participants i s  possible. Negotiations can be based on permitting 

premiums for dedicating cr i t ica l  conservation lands# The premiums are i n  the 

form of permitted higher densities and intensity of use on residual land. 

As a process, i t  encourages greater development eff iciency through clustering 

at higher than present intensities. There i s  a corollary saving i n  land modification, 

road and u t i l i t y  costs. Flood plains, drainage channels, steep slopes and wooded 

areas go in to the park system and also function to conserve the integri ty of naturaf 

processes. Using the development unit as the smallest increment of change, the 

public works agencies can pre-plan and claim necessary rights-of-way i n  advance 

of construction act iv i ty .  

In effect, the process relates and integrates the obiectives of each of the 

participants by providing a common and natural framework. The administrative 

or management format, the guidance system, can also be altered. A t  each 

cr i t ica l  junction when approvals are necessary, a public hearing can take place. 

T h is  w i l l  ensure that people with continually arising concerns and objectives w i l l  

have access to  the process. 



In i t s  entirety, the proposals relate to the authors' convictions that environ- 

mental qua1 i ty can only exist i f it accommodates the legitimate aspirations of  a l l  

the participants in  a positive and integrated framework. 

Major flaws in  the process center about i t s  complexity, although each step i s  

an adjustment of existing practices. More important was the inability of the 

authors to devise an incentive process for relating multiple owners of a develop- 

ment unit to  an integrated scheme. The test case presumes an ini t ial  unified owner- 

ship pattern which in reality w i l l  not exist on many development units, 



. . . 
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part of Watershed 

Figure No.  1 . The study area lies in the Crabtree Creek watershed in the Piedmont 
region of North Carolina between Raleigh and Durham. 



"sf present Rigk use development i s  permitted to  continue, a Baqe portion of 

the Crabtree Creek w i l  B be lost foreve? for any use save as an open sewer system, 

We can aYI expect to  continue paying for flood eonfro! i f  we gmnt the pr iv i-  

lege of developing the Creek's BowYands po a e~ rnpa~a t i ve l y  few land deve!opment 

interests, '" 

The quote i s  excerpted from a message to the Mayor of Raleigh, North Carolina 

from the League of Women Voters, The statement i s  part of an expanding bsdy of 

such literature being developed in the !ong debate over the proper use of the Sands 

and waters s f  the Crabtree Creek Val ley i n  Raleigh, North Carol inaJ 

The val ley i s  located i n  the eastern Piedmont region s f  North Carolina between 

Raleigh and Durham, A portion of the 90,750-acre watershed lies within the limits 

of the C i t y  of Raleigho This portion has been undergoing u~baarizatBsn for the past 

quarter of a century, In 1957, a 6 "7-year frequency stoam f $  ed f i f ty  homes, 

several business, and caused over $100,000 damage. Phis fB started an effort 

to  obtain rel ief  from the flood hazard . The result of +his e f f ~ ~ t  i s  a Small Watershed 

improvement Commission created under the auspices of Publie Caw 5 

plan was svbsequently prepared by the Commission. The work plan i incl~des the in- 

stallation of a concrete channel for the Creek through much 0% the urban area. The 

channel has not been installed and the development rate has accelerated. 

The results are a maim controversy, A t  the time of this writing, the problem 

has been placed in  the hands of the Army Copps of Engineers to study alternative 

methods of resolving the problem, They Rave as yet reached no conc1usion 

This report, The !ntegrafiosn of MwBtipie Bbiectfves in Urbanizing Watersheds, 

I s  based on that controversy and usas the Crabtree Creek watershed for its basic 

assumptions and recommendations;. The major o b j e ~ t i v e  of the repssf i s  not a 

for that watershed vt a general strategy for managing change i n  an urbanizing 

watershed, It became apparent early 8vs our efforts t o  eoneepteral ize and model the 



problem that no mechanism presently existed to solve it. Similarly, the problem 

was too complex to  authoritatively model. I t  i s  easy to generally describe the 

existing situation. I t  i s  impossible to describe the situation as i f  i t  were one 

hundred percent resolved, 'because change i s  never complete. 

The path we have chosen i s  the creation of a strategy that links participants 

with functional and achievable methods for seeing their interests represented in  an 

integrated development. The strategy, or guidance system has the following 

purposes: 

1 . Resolve the urbanization/naturaI process conflict . 
2. Do not l imit development to artif icial and economically unsound land use 

intensities. 

3. Retain the visual character of the area. 

4. Provide public open space and park land. 

We are using Crabtree Creek as a base and generalizing from i t  on the 

assumption that its problems are typical of those encountered in  other urbanizing 

watersheds. An attempt i s  made to deal with the means whereby cities are formed 

and fitted to the needs of their inhabitants. We feel that environmental quality i s  

a function of people and that it cannot exist unti l the legitimate obiectives of a l l  

are met. 

In order to accomplish this, the objectives must be converted into methods and 

techniques of converting land from one use to another. These individual techniques 

cannot be so radically new that they exceed the capacity of the intended user to  

adopt them. Small adjustments can be made in such procedures as ut i l i ty  and road- 

way alignment and open space organization. Once each element of the process i s  

slightly adjusted, the entire process can be reorganized an8 given new instrumen- 

tality. 

I t  i s  given that the present disjointed and incremental method of building cities 

must gradually change to accommodate the greater needs of the people. Cities 

conceived and built i n  a more orderly manner ought to look different and have 

different characteristics than the present ones. 



Public interest groups are generally rep-tesentative s f  viewpoints that. are not 

formally established i n  the business and governmental community. In this stud y, 

they are broadly conceived to  be conservation oriented and committed to  press for 

comprehensive environmental piawning, Their specific concerns center on control- \ 

l ing erosion and siltation, preventing loss s f  open Yand, preventing deterioration 

of the visual qual i ty of the val ley and cu~tai i i lag the sprawling type of development 

which i s  occurring, 

Real estate and development interests are separately engaged in the conve~sion 

of farms and open land into urban useso Land uses vary from single-family residen- 

t i a l  to  heavy industry. The major characteristie relating the developers to  each 

other i s  the relative sophistication of their organizations. Each seems to  be in  an 

advanced stage of corporate development. This permits them to accept long-term 

responsibilities for their projects and their environmental impact. In this stage, 

deveQopment i s  much more responsive to  the evolving public interest. 

General c i t y  management i s  responsive to  the greater needs of the community 

During the recent past, the need has been to develop skills and tools t o  keep up 

with the development pace. Provision o f  utilities, thorsfares, parks, water and 

other services had to  be planned and delivered at an accelerated rate and adjusted 

to contemporary standards. In addition, the qual i ty of private development had to  

be monitored and regulations created to exact the highest standards. 

The Raleigh Parks and Recreation Commission has gone on record as favoring a 

greenway through the val ley.  Their study i s  suff iciently general t o  prevent precise 

def ini t ion of alignment and design, but i t  i s  adequate to place them i n  the middle 

ground of concern. Their recsrnmendations to the C i t y  Council have not been 

adopted which i s  the best evidence h a t  C i t y  government leans more heavily toward 

the development objectives sf  the real estate interests, Th is  i s  perhaps due to the 

lack of precision and FnstrumentaPity of the public interest groups and park program 

planners. 



- - - 

The Small Watershed Improvement Commission i s  bound by i t s  mandate. It came 

into being as a response to  a flood hazard. I t s  concerns are the prevention of  

floods, sediment and erosion damage control. These stem from accelerated 

urbanization over which the Commission has no control. 

Participants 

N o  deve lopment :  
maintenance of water- 
shed in natural con- 
dition 

Greenway and park de. 
velopment-Low inten. 
sity urbanization 

Interspersed parks and 
development of mixed 
t Y  Pes 

Intense urban develop 
ment, flood preventior 
and channelization 

Complete urbanizatior 
and concrete channeli 
zation 

'ublic interest 
lroups 

2eneral  c i t )  
nanagement 

Table No. 1. The participantlobjective framework clearly indicates a general 
tendency toward the middle ground of development policy. 

The middle range of objective implementation i s  typical of  the approach of 

most American cities toward achieving their ends, It poses no major problems of 

innovation. In general, this approach fol lows a normal sequence of decision and 

act ion. 



Begin 

Development process 
Decision sequence 

1. Zoning of land for urban use 

2. Developer considers and pur- 
chases land 

4. Construction of services 

5. Request for plan approval 

6. Public interest groups respond 
to alteration of natural 
environment 

City Council 

Developer 

-- - 

Developer 

City 

Developer/ 
City 

Publ ic in- 
terest groups 

Authority or instrument of 
effectiveness 

Police power 

Ability to meet seller's price 

Authority of city to provide 
service 

Bonding capacity 

C i t y  planning-development 
regulations 

Public opinion 

Table No. 2. The existing decision sequence is  representative of the general flow of 
events in the conversion of land in an urbanizing area. 



The decision sequence i s  not formally recognized and many variations occur. 

It does, however, provide the best framework for altering the process, In as much 

as each of  the parts of the sequence can be slightly adjusted, the entire sequence 

can be reorganized to  meet the additional purpose of resolving urbanization and 

natural process conflicts in relation to the objectives of those participating, 

ZONING REGULATIONS 

The potential of deviating from the established system of land zoning i s  di f f icult  

because of the tendency of zoning regulations to categorize land use. In the land- 

mark zoning test, village of Euclid v .  Amber Realty Company, the court's holding 

was to be felt for years. "It i s  within the police power of the states to regulate 

land uti l ization and encourage municipal authorities to plan their cities for optimum 

land development through the creation of homogeneous land use districts." 

In the 45 years following this decision, most cities in the United States gained 

the power to zone. Without exception, these enabling acts allow the municipal 

legislative body to divide the available land into districts according to  use classi- 

fications and to regulate the land use within each district. Thus, under ideal 

Euclidian zoning, a rigid symmetry prevai Is: homogeneous use classes permitted 

within each district to the exclusion of a l l  'non-conforming' uses. This pattern 

has been turned into a series of regulations which produce our unending suburbs. 

Technical Bulletin No. 52 published by Urban Land Institute in 1965 suggests on 

answer to why we may be locked into this system. 

"It i s  often said that the single-lot focus of our residential development controls 
i s  an accident of history, that i t  i s  attributable to the prevalence of lot by lot dev- 
elopment at the time when enabling legislation was conceived and adopted. There 
i s  some truth to this. With the few exceptions, the enabling legislation does not 
readily allow for a simple united approach to project residential development, but 
the historical explanation can be overstated and misleading. " 



The truth of the matter i s  that there are a great many factors that have led to 

the single-lot focus of our zoning. Two of these stand out because they are not so 

easily subject to change as others: (1) an understandable preference on the part of 

local authorities for simplicity in  regulation; and (2) a belief, constant in  our zoning 

system, that a l l  development can and must be controlled by regulations established 

in  advance-regulations so detailed that proposals w i l l  be disposed of more or less 

automat ical l y when presented . 
Examples of the use of the carrying ca 

few, The use of the soil's abil ity to absorb sewage effluent from septic tanks i s  an 

example which provides a density limitation on land where this particular system 

must be used. Unfortunately, septic systems are not a factor in expanding urban 

areas 

Figure No. 2. Zoning within the test area relies primarily on location economics with little 
consideration for natural land features. Scale is  approximately 1" = 9,000'. 

Our present system of zoning does l i t t le  to correlate indicators of the land's 

carrying capacity with use, but relies heavily on a system of evaluating location 

economics when determining zones. A comparison of the existing zoning adjacent 

to  Crabtree Creek in  the test area with the 100-year flood plainmakes this 

point quite clear, Raleigh does not have any control over development of the flood 

plain despite numerous suggestions of  the need for this natural zone due to  extensive 

damage in  recent years, 



DEVELOPER 

The conversion of land to more intense uses i s  a process which i s  dependent on 

a sensitive but seldom definable sequence of decision making. The major actor i n  

the use of our Band i s  the land speculator and real estate developer. The nature of 

developers can be typif ied by the following quote by a developer from North 

Carolina: 

'The strongest factor influencing the success, or for that matter, failure, of any 

entrepreneur would be - for lack of a better description - guts judgment. An 

entrepreneur without guts judgment i s  worthless. More important, he must be in  a 

position to trust his intui t ive judgment, 100 percent I f  youve not sold om a 

venture yourself, you can't possibly sell i t  to others." (1) 

Should a case be cited where a developer d id a great wrong to our societ y by 

fai l ing to respect a scenic stream during his development practices, i t  i s  most l ike ly  

that such complainfs would go unheeded by developers. This likelihood i s  a result 

of the inabi l i ty  of individuals with a comprehension of the results of insensitive land 

treatment t o  express alternatives at a time and i n  a form which al low developers to 

respond . Land development entrepreneurs have a great responsi b i  Sity as initiators i n  

the land conversion process, but are also subject to  the r igid demands for eff iciency 

in decision making put upon them by the risk 'involved i n  their business. Deviation 

i n  proven land subdivision practices are in i t ia l l y  assessed as to their effect on 

eff iciency i n  the practices of converting land. A second and more tenuous evalua- 

t ion i s  made with respect t o  the effect of a suggested change on the marketability of 

an unproven innovation. 

( 1 )  Kenney, K . , 'The Residential Developer's Land Purchase Decision: Location 
Criteria and Entrepreneurial Strategy, 'bp. 39, 1966. 



As with many situations requiring the assimilation of unending volumes of 

information which affect a decision, land developers tend to choose a limited 

number of indicators which have proven val id after continued testing. The cost of 

land i s  often dynamic and dependent on a complex series of ca!cu8ated and chance 

characteristics. The particular aspects of this economic v iab i l i t y  which most 

direct ly influence physical design of land improvement must be isolated by plan- 

ners desiring a more sensitive use of natural land characteristics, The degree of 

control natural land characteristics presently afford must be carefully exploited in  

order t o  produce a meaningful framework in  which private land development interests 

may work without hampering the attainment of their obiectives . 
Private ownership of land i n  the United States has tradit ionally been viewed 

as a series of rights-in-Sand allocated to  the private individual i n  order t o  make 

the development of land i n  the interest of society as wel l  as the individual, The 

purpose of the limitations on property rights has been expressed i n  terms similar to  

the fol lowing section of the North Carolina zoning enabling legislafion 

"For the purpose of promoting health, safety, morals or the general welfare of 

the community, the legislation bodies of cit ies and incorporated towns are hereby 

empowered to  regulate. , . . " (2) 

What i s  missing most from our present land regu!afion policies, and conse- 

quently our land use pattern, i s  a sense of scale. The hundreds of considerations 

which determine the use of land are made at a physical scale of several acres at 

the greatest. These decisions are made wi th regard to  water quality, to  tax 

assessment, to  road capacity and to many other concerns subject t o  state and 

federal control. The effects of categorizing our environment become more evident 

with the elimination of diversity through standard zoning and approved drainage 

templates which dictate how and where each small decision w i l l  add its effect t o  

mi l  lions of others to standardize the development pattern. 

( 2 )  General Statutes 160-972, Ne C ,  



Due to the scale at which land I s  now being subdivided, a lot i s  no longer 

100 feet by 90 feet but one mile by one mile, Factors effecting real estate 

decisions change very quickly Examination of these factors provide one stable 

area - location. The factors surrounding f ixi ty of location are of major importance 

to decisions and programs of action in  the real estate market, The general charac- 

teristics of location are cited by Weimer and Hoyt. 

'" Because of f ix i ty of location every parcel of real estate differs from 
every other one. I t  i s  a unique point in a changing economic framework. 

2, Because of the f ixi ty of location, real estate resources can never escape 
from surrounding development of an economic, social, political, or physical 
character which may effect them favorably or adversely. 

3. Because of f ix i ty of location of real estate, the real estate market tends 
to be more limited i n  extent than are the markets for most other commodities. 

4, Fixity of location i s  the principal basis for the legal distinction between 
real and personal property (property lines) . " (3) 

A study conducted by Burby leads to the isolation of specific factors connected 

with location which influence a developer's decision to include innovations in 

housing subdivision design. Although his conclusions are not final, they provide a 

useful list of factors which can be used to provide the land subdivider with the 

necessary init iative to consider innovation in respecting natural land character- 

istics. "Of the three factors which we had hypothesized would be related to 

developer behavior, contextual factor, developer characteristics, and site charac- 

teristics, only site characteristics showed consistent associations with the use of 

environmental innovations by land development entrepreneurs. " (4) A lack of 

association between contextual factors, developer characteristics and deve loper 

(3) Weimer and Hoyt, "Real Estate, " 5th edition, Ronald, New York, 1966. 

(4) Burby, R .  J . , ' l ake  Oriented Residential Subdivisions in North Carolina, " 
Institute for Research in Social Science, UNC, Chapel Hil l, 1967. 



behavior has also been noted in  at least one other study of land developers. 

Eldridge found that variation in contextual factors did not seem to effect the 

evaluation of various decision factors by apartment developers, (5) 

This conclusion has implications to the possible development of a structure 

in  which the developer can and wi l l  be responsive. The connectivity between 

development decision and natural land characteristics has always been downgraded 

in  favor of the more dynamic contextual and developer characteristics. The 

establishment of a uniform psiicy cit ing which land characteristics are crit ical 

to developers and to what extent they may be exploited by a land use guidance 

system i s  a crit ical component very often overlooked by emotional schemes for 

the protection of our natural environment. It must be assumed that developers 

are wil l ing to respect the environment i f  specific natural land characteristics are 

directly connected to crit ical aspects of development practices. 

When investigating aspects of those land development procedures which are 

directly dependent upon physiographic land characteristics, i t  i s  necessary to 

isolate those with greater significance . In Burby's study, procedures were identified 

which have a high degree of dependence on natural aspects of land. 

(5) Eldridge, Mark P., "Explorations into Decision Factors in the Rental Housing 
Market, Is (Unpublished Masters Thesis), UNC, Chapel Hi l l ,  1967. 



UPBL%TWES 

Burby suggests that the availability of public sewer systems may have a 

debatable influence on a developer's decision to provide innovative features i n  a 

new subdivision, but i t  i s  unquestionable that sewer systems are a control on the 

decision to subdivide. Bncreased lot size requirements and soil percoQatPon standards 

by local health departments cause developers in  urbanizing areas to depend more on 

public sewer systems than on septic tankso 

When subdividing, i t  i s  more profitable to develop at the highest density 

allowabPe. The highest number of lots usually provides more profit than a design 

with larger but fewer lots. The increased densities allowed in rapidly developing 

areas do not allow t e developer to forfeit profit for the lot area needed for septic 

tank systems. 

Sooner or later, in  an urbanizing area, i t  wi l  l become less expensive to 

instal l a sewer system. 

A typical example might occur as follows: 

60 acres (2 acres minimum) 30 lots @$I 3,000=$390,000 

60 acres R-4 zoning 190 lots @$ 5,000=$950,000 

The additional $560,000 gained in the second example might well warrant the 

expense of tapping into an existing sewer system. 

When a municipal system i s  not immediately available to a new subdivision, 

developers often provide a system themselves. 

Clearly, economy of scale i s  crit ical in  sewage treatment as seen in  Pable3. 

A prsfect of f i f ty units would Rave a cost of $352 per lot not including cost of lines, 

loss of property from the treatment piant and operation costs of the facil ity. A 

project of 5,000 units would reduce this cost to about $22 per unit. i t  should be 

understood though that itastal8atf.m of the plant i s  only a part of the enfire cost of 

an on-site disposal system, Land developers are not l ikely to provide on-site 

disposa! unless their proieet i s  large enough to take advantage of less expensive 

scales of operafion , 



Primary Treatment Plant Installation Cost 

Gallons Per day No. Units@100 
galldaylunit 

10 
50 

150 
300 
500 

1,000 
2,000 
5,000 

Cost of 
Treatment 

7,400 
17,600 
25,800 
33,000 
37,200 
53,600 
78,000 

1 10,000 

Table 3. Dodge Construction Estimated Manual Statistics Showing That the Cost per Unit 
for Sewage Treatment Decreases Generally as the Number of Units in a Subdivision 
Increases. 

An increasingly important factor i s  the more persistent demands of water 

quality standards for secondary treatment at a l l  facilities. Presently, secondary 

treatment i s  mandatory in North Carolina although i t  i s  seldom enforced because 

of the great cost but new plants w i l l  be under increasing pressure to conform. 

Figure No. 3. In the not too distant future, utilities to service an urban population of 
3,082,000 are expected to extend throughout the entire Crabtree Creek Watershed. 



The Research Triangle Institute planning report for Raleigh and the surrounding 

area provides an insight into the importance of public sewer service. A major 

indication of urban expansion i s  the projected sewer system. 

The influence of sewer systems can be seen in a close correlation between the 

boundary of projected development and the natural barrier of the watershed line. 

The Research Triangle Planning Commission felt that the difficulties and expense of 

providing public sewer service which crosses into an unserviced watershed would 

prove to be a substantial constraint for development. 

The placement of sewer mains within the urbanizing area of the Crabtree 

watershed provides a finer correlation between the abil ity to develop and limit 

the factors of a natural system. The major lines are placed in  a not so surprising 

sympathy with the natural drainage system. 

The advantage of respecting terrain i s  quite simple. The cost of force mains i s  

prohibitive except in very special cases. The cost of a pump with a 1,000 gal Ion 

per minute capacity can be $200,000, exclusive of force mains and maintenance. 

The placement of sewer mains i s  a potential tool for local officials desiring to 

guide private development. Unfortunately, this tool i s  seldom used except through 

decisions to  extend or not to extend mains. N o  particular thought i s  given to 

placement of mains other than gravity flow dynamics and cost. An example of this 

i s  occurring in  the western section of Crabtree Creek. A maior sewer outfal l i s  

presently being extended westward to Umstead Park. This extension has allowed 

extensive development in  the valley which has generated traffic problems. The 

connection between extension of a sewer main and resulting problems i s  a subtle but 

needed lesson to be learned. 

The placement of mains i s  not done with any specific effort to direct develop- 

ment but i s  used most effectively as a tool to either completely thwart or encourage 

development. The Ci ty of Raleigh, like many municipalities, responds to sewer 

extension demands through their annexation policy which dictates the eventual pro- 

vision of services of equal quality to newly annexed areas. 



Discussions with Ci ty of Raleigh technical personnel indicated the following: 

1 . There was l i t t le  awareness of the possible connection between sewer location 

and subdivision design or traffic problems. 

2 .  The major criteria for placement was understandably cost of installation and 

land costs with l i t t le concern with future costs. This i s  certainly due to the short- 

term nature of cost-benefit projections. The path of least financial resistance indi- 

cates the preferred placement. Any correlation between this and natural constraints 

of future corrective expense i s  not considered. 

3. Sewer extension i s  considered a response to development rather than a guid- 

ance system. 

Although municipal sewer mains or outfalls show a strong locational correlation 

to the natural drainage systems, this correlation breaks down when individual sub- 

divisions are studied . 

Figure No. 4. Site development related gravity utilities do not respond to topography and 
the natural drainage system. Scale is approximately 1 " = 3,000'. 



If developers found i t  as profitable to follow natural drainage ways when 

providing sewer hook-ups within their subdivisions as c i ty  developed trunk lines, 

the result might provide the basis for meaningful design control in  new subdivisions. 

The following example points at this possibility often quoted by developers. 

Figure No. 5. Potentially, sewer hook-ups can be connected directly to sewer mains which 
follow contours. 

Figure No. 6. Typically, sewer mains run down the center of streets. Little design control is 
exercised. 



The alignment of the sewer lines in Figure No. 6 points out that i t  i s  often 

more expeditious to provide a dual system than take advantage of existing natural 

drainage ways. This situation can be attributed to: 

1. The greater expense of the hook-up of individual lots to larger mains on an 

individual incremental basis rather than hooking up al l  lots to a main as i t  i s  being 

laid out. 

2. The length of run for individual homes which i s  generally greater with back- 

of-lot hook-ups . 
3. The cost of construction of lines in  the street during street construction i s  

considerably less. Maintenance and additions to a street system are much more 

than back-of-lot systems. This cost i s  not paid by the developer but by the future 

home-owner . 
4. The c i ty w i l l  not maintain sewer easements in the rear of lots unless they 

hold the fee simple t i t le  on the land. The City of Raleigh has a policy of not 

encouraging sewer easements in  back lots because of maintenance expenses. The 

cost of such easements not dedicated by the developer during land subdivision often 

run up to 90% of the fee cost, so the c i ty  i s  changing its policy on back-of-lot ease- 

ments when necessary to require a fee t i t le. 

ROADWAYS 

The abil ity of a hierarchial roadway system to facilitate traffic movement, 

safety, and provide a basis for a land use organization seems enough to encourage 

the development of policies for such a system. Many municipalities have estab- 

l ished this concept; such as Columbia, Maryland; Reston, Virginia and other new 

towns. I t  i s  most adaptable in cases where a monopoly on land ownership allows 

strict alignment planning, such as in new towns. 



Results of this system, which have been advantageous to land use organization, 

are the abi l i ty to develop a segregated pedestrian-automobile re lationship, the pro- 

tection of residential districts from traffic volume problems and the abi l i ty to build 

a system which relates road alignment with land use and natural land features. 

The need exists to coordinate roadway alignment between government agencies 

and developers. A strategy lies in creating an understanding of a general set of 

guidelines which can influence roadway design. As in the case of sewer systems 

alignment, there are certain natural constraints which influence where and to what 

degree roadways are imposed on the landscape. 

@ Freeways 

R0.W loo'-\ 76' 

Penetrators and thoroughfares 

@ Major collectors 

@ Neighborhood collectors 

Figure No. 7. A hierarchical roadway system is  a useful device for encouraging compact 
development. 



Figure No. 8. The roadway system in the test  area indicates the natural trend to conform to 
a hierarchical system. Scale is approximately 1" = 9,000'. 

OPEN SPACES 

Open spaces within subdivisions have been thought to be the key to land use 

organization. Many municipalities are seriously considering the expanded use of 

this strategy for community organization. (6) Volper expressed a similar concern: 

"Concentration on the means for creating open spaces within subdivisions i s  
by no means intended to minimize the importance of acquiring open spaces for 
numerous other purposes. The creation and maintenance of open spaces within 
subdivisions i s  an appropriate independent concern, however, because the acceler- 
ated tempo of subdivision of the remaining open space areas in  our metropolitan 
districts i s  fast removing available land where the need for open spaces i s  often 
greatest. " (7) 

For many years those interested in orderly land development patterns have 

recognized the space between structures as a possible framework for orderly dev- 

elopment. The confusion in the use and misuse of this term in  relation to land use 

(6) Raleigh Parks and Recreation Department, "A Park With A Ci ty  In It, " 1970 

(7) Volper, R . S , , "Creation and Maintenance of Open Space in  Subdivisions: 
Another Approach, " UC LA Law Review , March, 1965 



planning can be better understood and related to the discussion with an examination 

of a definition as i t  appears in a North Carolina act providing local authorities the 

power to  acquire open space. 

Definitions. "For the purposes of this article an 'open space' or 'open area' i s  
any space or area (i) characterized by great natural scenic beauty or (ii) whose 
existing openness, natural condition, or present state of use, i f  retained, would 
enhance the present or potential value of abutting or surrounding urban develop- 
ment, or would maintain or enhance the conservation of natural or scenic resources. 

For the purpose of this article 'open space' or 'open area' and the 'public use 
and enjoyment' of interests or rights in real property shall also include open space 
land and open space uses. The term 'open space land' means any undeveloped or 
predominantly undeveloped land in an urban area which has value for one or more 
of the following purposes: (i) park and recreational purposes, (ii) conservation of 
land and other natural resources, or ( i i i )  historic or scenic purposes. The term 
'open space uses' means any use of open space land for (i) park and recreational 
purposes, (ii) conservation of land and other natural resources, or ( i i i )  historic or 
scenic purposes. " (8) 

I t  might be noted that the purpose of this legislation i s  not to pin down the use 

of open space but allow i t s  existence. I t  should also be noted that local municipal 

governments have been unable to precisely define the practical use of open space. 

Several decisions must be made at the local level and supported at the state level. 

1 . There i s  an obvious need for different strategies for acquisition for the 

different physical scales and uses of open space. 

2. At  the lot-by-lot scale the public i s  confused as to the issues of what open 

space should be and what the size and physiographic determinants are. 

(8) General Statutes 160-181.9, N, C, 



Figure No. 9. Open space in the test  area falls into three categories; A. Public Ownership; B. 
Private and related to adjacent land uses; C. Private and undeveloped land. Scale is 
approxi matel y 1 " = 9,000'. 

Land developers find i t  hard to reserve land in new subdivisions without an 

agency to take direct responsibility for l iabi l i ty and maintenance of the land once 

lot sales are complete. Several strategies for this have been used. The most 

widely publicized in recent years has been the use of a homeowner association to 

conduct programs and maintain open space reserved by the subdivider. The use of 

homeowner associations in established municipalities has been limited due to: 

1 .  the scattered nature of subdivisions. 

2. the transient nature of residents. 

3. the large number of residents needed for the support of such organizations. 

4. governmental demands for incorporation of homeowners associations. 

5.  the small scale of most subdivisions. 

Consequently, the strategy most often used in  developed or developing areas 

i s  the dedication of land to municipal government. This eliminates some problems 

arising with homeowner associations but more and more municipalities are finding 

that the maintenance costs for open spaces are severely hurting their limited 

budgets. 



SUBDIVISION REGULATIONS 

The basis for land development regulation lies in state enabling legislation and 

ultimately in powers delegated by the state to municipalities. In 1928, a series of 

"standard c i ty  planning enabling acts" were published by the Advisory Committee 

on Ci ty Planning and Zoning of the United States Department of Commerce. Some 

of the basic elements of this document are as follows: 

"Section 13, Scope of Control of Subdivisions. Whenever a planning commission 
shall have adopted a major street plan of the territory within its subdivision juris- 
diction or part thereof, and shall have filed a certified copy of such plan in the 
office of the county recorder of the county in  which such territory or part i s  
located, than no plat of a subdivision of land within such territory or part shall be 
filed or recorded until i t  shall have been approved by such planning commission 
and such approval entered in  writing on the plat by the chairman or secretary of 
the commission. 

"Section 14. Subdivision Regulations. Before exercising the powers referred to in 
section 13, the planning commission shall adopt regulations governing the sub- 
division of land within its jurisdiction. Such regulations may provide for the proper 
arrangement of streets in  relation to: 

(1) major street plan: The planning commission i s  empowered to exercise its control 
of a subdivision only after i t  shall have developed at least a major street plan of 
the territory to be controlled. Until that phase of its plan has been reached, 
platting should continue under the existing form of control or lack of control, for 
the imposition of requirements which might turn out to have l i t t le or no relation to 
the ultimate principles of control would be unfair to the subdivider's plan. This  
limitation, of course, does not involve the necessity of the commission having 
completed al l  the other features of the comprehensive plan, but merely that a main 
thoroughfare plan shall have been adopted. 

(2) arrangement of streets: To insure that streets or rights of way, whether dedica- 
ted as public streets or not, shall f i t  into each other and the ultimate street plan 
of the c i ty  and coordinate with that plan i s  one of the primary purposes of giving 
control of land subdivision to planning commissions. The regulations which the 
commission i s  empowered to adopt with regard to platting should be primarily con- 
cerned with this end. The commission should, however, not be limited to this 
purpose of street coordination and should be empowered to take into account the 
supply of adequate open spaces for traffic, for utilities, for access of fire-fighting 
apparatus, for recreation, for light and air, for healthful population density, and 
for other public benefits. " 



Many states used these guide ines as a model for regulations that were 

ult imately adopted and, understandably, the maior cr i ter ia for approval of sub- 

divisions became the abi l i ty  of subdivision roads t o  handle the required traff ic and 

the a! ignment of any ad jacent roadway systems. Individuals reviewing proposed 

subdivisions had no set of principles allowing them to make recommendations con- 

cerning placement of roads on the terrain or adequate provision of the various 

additional cr i ter ia allowed in  the legislation beyond the very general rules of 

thumb which were developed and incorporated i n  most ordinances. The result was 

soon recognized i n  the standard subdivision embodying a l l  these rules of thumb and 

having a l l  streets matching to  some degree. The legal and manpower d i f f i cu l ty  of 

dictating standards i n  an objective way to each developer forced a move away 

from the of f ic ia l  map technique to a general master plan which set down broad 

policies governing parks, open spaces, subdivision design and many additional 

elements. 

The of f ic ia l  map concept of community fac i l i ty  acquisition has many strong 

arguments. As long as the map plots the course of community growth but does not 

deny the rights of the private developer, no legal problem arises, Despite the 

constitvtional challenges, the off ic ial  map technique has widespread judicial 

approval and no enabling act has been declared unconstitutional i n  the past f i f t y  

years. O n l y  occasionally has a local ordinance been declared inval id.  

A primer on subdivision regulation i n  North Carolina includes an expression 

of the limited degree subdivision regulations are used as a tool to  provide specific 

community needs in  North Carolina. 

"The emphasis i n  North Carolina subdivision enabling legislation i s  directed 
toward securing better physical design and layout o f  subdivisions rather than 
toward securing 'improvements8 such as street paving, curb and gutter, sidewalks, 
street name signs, and similar facil i t ies that are often constructed i n  new 



subdivisions. G. S .  160-2263 provides only limited authority for cities to require 
the deveioper to provide those items at his expense and only to provide 'community 

service faeTlities' i n  subdivisions within the eorporate limits. " (9) 

North Carolina courts have preferred to define the range of power of 

subdivision regulations very rigidly . Neither design nor improvement, as defined, 

contemplates dedication of recreation areas, Bot h seem restricted to streets, 

utilities, drainage, sewers and rights-of-way for these purposes. 

Subdivision regulations in North Carolina do not yet afford substantial 

guidance which encourages or even permits the organization of subdivisions 

around any sort of existing natural system. The municipal planning departments, 

when they do exist, are in  a very awkward position to make or suggest revisions 

to preliminary subdivision plafs unless standards are very clearly spelled out in an 

ordinance. A request by a municipa! planner for a drainage easement carries 

l i t t le authority when a land subdivider submits a plan to the planning department. 

In many instances, a land subdivider i s  wi l l ing to make alterations in  his plan for 

the benefit of the community to ensure approval but these alterations must be made 

before the subdivider goes to the expense of obtaining final engineering and 

financing work. l f  planning departments had the time, the contacts and the design 

abil ity to follow the land subdivision process from its beginning with definitive 

land ordering criteria, we would probably not be in  our present situation of dis- 

orderly growth. The alternative to this very expensive demand i s  to revise our 

approval requirements fo include factors which ensure respect for the physiographic 

aspects of our environment so that plans submitted by the developer embody these 

aspects. 

(9)  "A Primer on Subdivisions", Institute of Government, Chapel Hi l l .  



PARKS 

Parks planning as a governmental function has been directed toward supplying 

parks for specific areas, e .g . neighborhood parks, community parks, metropolitan 

parks, state parks and national parks. Each park type has had specific facilities to 

meet the assumed demands of its particular constituency. Ideally, through the use 

of overlapping service areas, every individual has access to the facilities of a l l  

the different types of parks. 

Because there were more potential users within one given service area than 

another, the assumption developed that a metropolitan park was larger than a 

community park and a community park was larger than a neighborhood park. The 

factors of specific location and accessibility, useful natural acreage, and aesthe- 

tics have remained generally secondary to the desire to have a certain number of 

acres at the least economic cost. At  best, this method of implementation produces 

an administrative hierarchy, not a park system; and when undertaken without an 

attempt to relate to other urban problems (flood damage prevention, urban sprawl, 

qua1 i ty  and character of a city's environment), the process becomes increasingly 

expensive, both economically and environmentally. 

A city's parks can be the major contributor of natural open space to the urban 

environment. In doing so, parks w i l l  perform beneficial functions within the 

urban structure. The first i s  the establishment of a base for outdoor recreational 

opportunity. Second, i s  the establishment of control over community design, a 

visually pleasant landscape and the amenity i t  supplies. And finally, the main- 

tenance of natural processes - conservation. A parks planner, using these benefits 

as criteria for parks location, can create a parks system which i s  responsive to 

both human and environmental needs at the least long-term economic cost. 

The use of linear parks rather than the random, shotgun approach to 

determining park locations i s  one solution. These linear park systems have taken 

two basic forms: unconnected and connected. In the unconnected linear system, 

the activity areas are arranged on strips of park land rather than being clustered 

as in the traditional , hierarchical method. Park systems of this design have been 



instituted in Toronto, Los Angeles and the Detroit Metropolitan Region. The 

connected linear system consists of activity areas of either or both the linear and 

clustered arrangement which are connected by strips of open space. Examples of 

connected linear park systems can be found in C leve land, Washington, D .C . and 

the greater Boston area. In a l l  six of these urban areas, the linear parks system 

was proposed and instituted because i t  addressed more than the one urban need of 

recreation. This  system fulfi l led al l  three of the previously mentioned functions 

of open space: recreation, control over urbanization patterns and conservation. 

In most cases, parks have been developed independently from other urban 

land uses rather than as an integral part. Developed in this manner, parks compete 

for land much the same as the developers. This functions to drive land costs up, 

further increasing densities and demands for services. Parks and open space, as 

related components of land development, can prevent this type of competitive 

situation. 

WATERSHED MANAGEMENT AND IMPROVEMENT 

Stream degradation i s  partly a product of the process of land development . A 

natural stream i s  capable of carrying the volume of runoff that the watershed 

produces. A process of dynamic equilibrium i s  reached where an intrusion by a 

changed hydrologic factor w i l l  cause a l l  parts of a stream system to ad just. The 

"balanced " condition i s  changed when development occurs. Streets, walks, and 

roof tops create impervious surfaces, therefore causing more surface runoff. Much 

of this impervious surface usually occurs in  areas that were previously forested so 

the benefit of interception i s  also lost. Usually no compensation i s  made for this 

loss of water processing abil ity . Runoff i s  increased, causing increased stream- 

flow, velocity, erosion and sedimentation. Because of the incremental nature of 

land development in  a watershed, i t  i s  di f f icult  to establish a direct correlation 

between specific development projects and stream degradation. The usual course 

of action i s  to increase the depression storage-i .e., flood control reservoirs; and 

to increase the flow of water through a given area by channelization . These 



measures are performed at pub 

to the development sector. 

l ic  expense with no specific financial responsibility 

When dealing with a segment of our environment as systemic and important as 

the water regime, i t  i s  essential to consider alternative ways of relating to i t .  

There i s  a broad range of alternatives, ranging from a completely natural system 

with a l l  flood plains intact to Buckminster Fuller's domed c i ty  which eliminates 

precipitation and the subsequent hydrologic processes entirely. The predominate 

course of action in American cities today i s  to consider the hydrologic system as 

a drainage ut i l i ty  only, allowing for the gradual degradation of streams unti l  they 

reach the standard of a storm sewer. This gradual degradation results largely from 

the incremental and disjointed process of growth of an urban area. Incremental 

change has no fixed stages, but i s  a continuum from natural conditions to the 

completely urbanized environment. For discussion, this continuum can be broken 

into several categories with characteristics typical of the North Carolina Piedmont. 

Rural Environment 

The rural environment i s  characterized by large expanses of open spaces 

consisting of predominantly forested land with interspersed agricultural lands. 

Streams are usually of good quality with the flood plains generally used for agri- 

culture. Access roads are normally located along the top of the ridges and are 

not an influential contributor to stream degradation. Usually the only external 

energies that need be applied to insure stream maintenance i s  related to degraded 

water quality from farm runoff (chemical and animal wastes). 

Early Transitional Stage 

The transition to the early urban stage brings with i t  decreased transpiration 

and interception because of the lesser agricultural activity. Erosion and sedi- 

mentation are increased by the accelerated construction and, at the same time, 

the water table i s  lowered by the need for more we1 I s  to serve the needs of the 

increased number of people. 



The Early Urban Stage 

The early urban stage brings mass housing projects which increases erosion 

and sedimentation. Farm ponds are fi l led in for safety reasons. Infiltration i s  

reduced, resulting i n  increasing flood flows. The effects of pollution from re- 

peated use of septic tanks along with lowered water tables cause abandonment of 

wells. 

Middle Urban Stage 

The mid-urban stage i s  characterized by increased construction which reduces 

infiltration and increases erosion and sedimentation, Curbs and gutters act to in- 

crease flood peaks because of the shorter time of water flow concentration, Sani- 

tary sewer systems and storm sewer systems remove water from the area further re- 

ducing groundwater recharge . 
Any discussion of the hydrological effects of urbanization w i l l  indicate that 

the problems which occur in  the later stages are more a result of neglect than of 

direct abuse. Direct abuse does occur, however, i n  the form of stream pollution 

from sewage effluent and f i l l ing of flood plain lands. 

In order to eliminate these neglects, one must understand the specific 

processes which foster them. Chief among these i s  the development methods in 

current use; methods which currently have deleterious effects upon almost every 

phase of hydrology. Forests are cut, reducing interception; land i s  graded and left 

open resulting in erosion and sedimentation. Any development that i s  constructed 

on the site increases impervious areas, reducing infiltration and increasing surface 

runoff. The increased runoff i s  also channelled into artif icial channels which serve 

to increase the velocity and concentrate water, resulting in more frequent flood 

conditions in the lower reaches of the watershed. 

There are several ways of distributing water as evidenced by the hydrologic 

cycle. I t  i s  possible to have development occur and s t i l l  respect these forms of  

distribution. This necessitates some changes in development practices, changes 



which are far from impossibilities. I t  i s  conceivable that the development sector 

should assume the responsibility for rebuilding the runoff distribution aspects of 

the natural environment when they are altered by development. A model can be 

constructed that i s  more responsive to the natural system than current development 

practices. 

The basis for the model i s  the maintenance of the natural systems. This 

necessitates restrictions on development in  flood plains and steep slopes. The 

natural drainage swales and small streams between the major land units are main- 

tained for drainage purposes. I f  development on the units increases the surface 

runoff, then compensation by storage must be made for the excess runoff. Increased 

runoff from roads and other public areas i s  also subject to storage or detention. 

With these precautions, the stream itself remains in a relatively stable state with- 

out increased flood frequencies, increased erosion and sedimentation and lowered 

water table. 



Subdivision 

I Ut i l i t y  

J 

Physical planning scale Impact t ime frame Nature o f  impact 

Table No. 4. The development impact summary indicates that  activities take place i n  different t ime frames at  different scales 
and produce a varied array o f  impacts. Integration depends on  achieving a common framework. 



DEVELOPMENT IMPACT SUMMARY 

A generalized examination of the physical scale, time frame and nature of 

development impacts indicates clearly the disjointed nature of the process. The 

major components are conceived at different scales, implemented over varying 

time spans and have immediate and long term implications to the entire community. 

The process i s  called disjointed incrementalism. I t  i s  the common method of urban 

change and physical growth in American cities. 

In the early stages of change in a watershed, the independent actions of each 

of the participants are seemingly insignificant and not measured. As the develop- 

ment pace increases, the impacts aggregate more rapidly and produce dif f icult  and 

unmanageable problems. 

Two of the major categories of consequences in the test area are: 

1 . Changes in the water system 

a. Change in  runoff characteristics - as more impervious surface i s  

created on the valley walls, the rate of runoff increases, heightening 

the flood peaks, 

b. Elimination of plant cover increases erosion and deposition of silt in  

the creek bed causing altered stream flow characteristics and in- 

creased flood potential. 

2. Land use quality 

a. The visual quality of the landscape deteriorates with the advent of 

spatially unrelated elements of land use. 

b. Competition for land drives the land costs higher, forcing greater 

development intensities and a re-cycling of the entire process at a 

higher level of degradation. 

c. The landscape i s  decomposed into smaller and smaller property units. 

A mechanism for resolving these problems would have to account for the 

legitimate objectives of each of the participants. To accomplish this, a common 

framework for comparing a l l  the various activities must be achieved. Rather than 



trying to  relate each individual site to  the entire community, an intermediate 

level must be described. 

This level should incorporate the natural capability of the land to sustain 

development and to relate each of the components of development to one another. 

The objective i s  to accommodate development in the watershed at the level be- 

tween preservation and total exploitation. 

Technology i s  expanding the capacity of developers to enlarge the scale of 

sites and extend the time during which they are involved with construction and 

marketing. The Planned Unit Development i s  an example of such an innovation. 

In effect, i t  integrates what had previously been separate projects. Single-family 

housing, a walk-up apartment complex, small shopping area, and professional 

offices are now being planned and executed as one project. A few years ago, 

the ski1 l necessary to initiate and manage this level of complexity was not common- 

l y  possible. 

In many instances, the Planned Unit Development i s  a joint venture 

arrangement between several land developers. The benefits might often be the 

assemblage of contiguous land parcels into one project. 

Evidence in the test area indicates that environmental degradation i s  related 

to the proliferation of small projects operating in time and scale frames that vary 

with public service and facil ity development such as roadways, utilities and parks. 

The incidental impact of each increment on the water regime and other 

environmental systems i s  seemingly negligible . Over time, however, the impacts 

aggregate to create a serious and possibly irreversible condition. 

Within present limits of technology, managerial skill and predictive capability 

a middle range of development control must be elaborated. I t  shou Id have a physi- 

cal as well as an administrative format and be capable of resolving the discrepan- 

cies produced by the actions and desires of the various participants. 



Begin 

Developer or public agency indicates interest in \L land 

\L Development index 

Evaluate land in target area; delineate land and 
development units 

c L 

Mechanism: 
-environmental policy 

icipation in unit development -intensity premiums 

Mechanism: 
-power to plan 
-environmental policy 

Preliminary participation agreement and assign- 
ment of premiums 

Preparation of integrated plans for utilities, Mechanism: 
roads, parks, open space and public facilities -development regulations 

Mechanism: 
Determine acceptance of final plan -environmental policy 

Three-way control of development 
-land modularization 
-physical organization 
-environmental control 

Proceed with development under normal controls 

Table No. 5. The proposed guidance system is directed toward resolving the conflict 
between urbanization and natural processes in urbanizing watersheds. 



PROPOSED GU DANCE SYSTEM 

Application of the proposed guidance system i s  designed to establish the 

development unit as the basic increment of planning and development. The 

objectives for which i t  can be used are: 

1. Resolve the conflicts between urbanization and natural processes 

a. while not limiting development 

b. by preventing development of flood plains 

c . by retaining visual character of the area 

d . by providing public open space and park land. 

The process assumes that achievement of these objectives wi l l  also entail the 

acceptance of the following constraints: 

1. Do not build in  the 100-year flood plain. 

2. Do not build on steep slopes. 

3. Do not substantially and irreversibly alter the hydraulic characteristic 

of the watershed. 

The most systemic of the constraints i s  the third. One and two could be 

accomplished by relatively simple and direct means. The flood plain could be 

restricted through a flood plain zoning ordinance. I t  i s  doubtful i f  this would work 

because of the high price of this land in  and near the urban area. Economics would 

force i t  into the development spectrum. 

Steep slopes and other unbuildable area; could be purchased by the Raleigh 

Parks Department with public funds. Historically, there i s  no precedent for this 

because of the need for recreation space and facilities rather than raw open space. 

The third constraint poses the need for a systemic approach. The present 

system indicates that a l l  phases of the process are slightly out of adjustment. 

Partial adjustment w i l l  not bring the process into balance. 

I t  i s  obvious that continuation of the present course w i l l  bring increasingly 

severe problems. Systemic change to address the problem cannot exceed the 

capacity of management for implementation, but i t  must account for a l l  the parts 



in  the process. 

The context i n  which the system operates depends on the abi l i ty of the local 

government to administer a planning function and effectively regulate develop- 

ment. There needs to be a professional planning staff with experience in land 

conversion control and a polit ical system oriented toward the total community. 

The second aspect of the context i s  the stage of the development in  the target 

area. I f  i t  i s  prior to the mid-stage of urbanization, the pressure on land and costs 

w i l l  not be great enough to induce cooperation by developers or force the necessity 

for only those with adequate sk i l l s  to participate. I f  i t  i s  beyond the middle stage, 

the method of intervention w i l l  require more intense governmental involvement 

similar to urban renewal or stream channelization. Operating within the frame- 

work of objectives and constraints, the system can work as a guidance tool i n  

bringing the process under control. 

The guidance system i s  a series of responses made to actions by the participants 

in the process. I t  depends on and i s  designed to bring out a continuing clarifica- 

tion of goals and objectives. Either public or private init iative can begin the 

process. Plans for alteration or change in  any of the major physical or natural 

systems can mobilize the system. The steps in the systems process include: 

1. As a response to either public or private initiation of change, a study and 

evaluation of the land's capacity for change i s  made. The basis for this study i s  

the integration of the natural systems with the development systems. The outcome 

i s  the development index. 

2. The index i s  a zoning category prediction. I t  represents the economic 

value of the land in  terms of its development potential and integrates it with the 

natural system's capacity to sustain alterations brought about by physical change. 

As a predictive tool, the index can be used as a format to seek coordination from 

the participants. 

3. Using the index as the most general measure of intentions, a quasi-judicial 

public hearing can be held to begin a process of cooperation between land owners, 



developers, public agencies and publie interest groups. The context of the hearing 

should be the equitable resolution of each set of objectives. The outcome can be a 

preliminary agreement between a l  l parties based on the achievement of their 

objectives, 

4 ,  FoQPowing the agreement, the appropriate agency w i l l  prepare a land 

development plan. The plan should optimize a l l  components, Its instrumentality 

can be the pre-allocation of rights-of-way for roads and ut i l i t ies and fhe desig- 

nation of flood plain lands, drainage courses, impervious or erodible soils and 

slopes which should be heYd from development. The remaining lands are 

developable within the framework of physical organization estabiished by the rights- 

of-way and conservation land easements, 

5 ,  Based on these easements and the development index, the residual land 

can be evaluated for future useo The normal zoning can be applied in  as much as i t  

corresponds wi th the development index. In  most cases, however, the lands taken 

out of development w i l l  require that compensation be made to  the owners. 

6 ,  A final public hearing with quasi-judicial processes can be held to 

determine the nature of compensation forconservafion lands, T h i s  can take the 

form of direct payment for fee simple t i t le  for park land or the purchase of easements 

appropriate to the needs. The most purposeful method, however, i s  the granting of 

premiums that w i l l  permit the intensity of development to exceed the normal 

allowable limits, 

The process i n  effect forces planned unit development. Properl y conceived 

and creatively managed, the intensity can be increased so as to result in  a more 

eff ic ient and more beneficial complex. Permits t o  increase the intensity can be 

linked to  the allocafb'on s f  land into a permanent conservation system. The hear- 

ing can determine and f ix  this a l  Pocation. 

From that point on, the process can continue much as i t  has i n  the past. 

The public interest w i l l  have been served and the eff iciency of the development 

process w i  l l increase . 
I 



LAND EVALUATION 

The first step in the guidance sequence involves the classification of lands in 

the target area. Physiographic components are the major elements and underlie 

the entire strategy. Watersheds, such as the Crabtree valley, are divisible into 

progressively smaller drainage areas. At the present time, the planning and mana- 

gerial s k i l l s  do not exist to execute comprehensive multi-objective plans for an 

entire watershed. 

The process of development works in reverse order. The valley i s  f i l led with 

small increments of development, such as housing proiects, industrial sites, shop- 

ping centers and other disjointed increments of urbanization. The precise abil ity 

to predict where and when these w i l l  occur has not been developed. The capacity 

to predict development, the control of timing and, secondarily, the manner in 

which projects relate to each other i s  crit ical. 

A guidance system oriented to reconciling urbanization processes with 

natural processes must resolve this problem. The key lies in identifying units of 

land which are of the same magnitude as potential development and do not sub- 

stantially exceed the capacity of public and private management to execute the 

details of the plans. 

The watershed i s  too complex and must be decomposed into development units. 

The process of decomposition i s  ini t ial ly based on the most generalized structure of 

the basin. 



GENERAL WATERSHED BREAKD 

COMPONENT 

HED 

SUB-WATERSHED 

LAND MODULE 

DEVELOPMENT 
UNIT 

DEFINITION 

Basins extending to 
major ridges between 
major rivers. The 
basins containing the 
smallest navigable 
streams. 

Basins extending 

to major ridges 
between watersheds 

lasins extending to 
idges between sub- 
vatersheds. Sufficient 
n area to contain roac 
lierarc hy 

Units of land module 
relating adjacent 
slopes into convex 
surface. The smallest 
unit 0.F development. 

DESCRIPTION 

Watershed 

PRIMARY DEV. DECISION! 

1. Expreshay locations 
2. Treatment plant location 

3. Water mgmt . programs 

1. Intra-urban thorofare 
locations 

2. Major gravity uti l i ty 
outfal I s  

3. Primary annexation 
unit for urban areas 

1 . Open space and 
park plans 

2. Public facilities 
3. Urban street system 

1. Development itidex 

2. Development planning 

Table No, 6. The watershed system breaks down into components that can relate 
man-made processes to natural processes, 







------. OBLIQUE VI EW OF SUB-WATERSHED 

Figr 
unR 
the 

Ire No. 12. The oblique view of the sub-watershed shows the target development unit. The 
as presently developed is  contributing to the incremental alteration of the natural systems in 

watershed. 



LAND MODULARIZAT$ON 

The development unit i s  a natural component of the landscape most readily 

adaptable to deve~opmento I t  i s  composed of two adjacent sides of a land module 

and forms a crown of land rather than the concave surface of a drainage basin. 

This form i s  more suitable for relating the land with the component systems of 

urbanization. Pn a direct way, i t  can be the basis for integrating various types of 

site development as a unit of development based on their impact on natural systems. 

Roads and utilities can be organized to structure the development pattern without 

influencing adjacent units. 

in the test area the development units are approximately 250 to 350 acres, an 

area normatively within the scope of most developers. They can plan and execute a 

project of varying land usage at that scale during one operation. 

As the crit ical entity in  the land evaluation process, i t  represents to the 

community the smallest unit of development, being intermediate between the site 

level of projects and the community level of planning for them. I t  affords the 

opportunity for a multi-objective development plan which includes environmental 

protection as well as financially sound investment of both a public and private 

nat ure , 

The test development unit i s  300 acres. I t  has 387 dwelling units, an eighty- 

acre shopping center and a twelve-acre apartment complex. I t  i s  bisected by a 

regional expressway and two major penetrator thorofares into the central ci ty. The 

flood plain has remained undeveloped but i s  in  private ownership with no restrictions 

on ultimate use. 

The purpose of the test unit i s  to compare the development pattern conceived 

under the proposed guidance system and the prevailing process of developing land 

i n  the city, The area, as i t  presently stands, i s  considered by many to be high 

quality development in  the city. Each of the proiects, however, was conceived 

separately and with no unified regard for the natural systems. 



The several properties are zoned for varying densities and uses. As such, the 

unit  represents a cross-section of uses similar to others in  the test area. Others, 

however, are making a much higher ini t ial  impact on the natural systems and a l l  

are contributing to the aggregate effect on the watershed. Past zoning practices 

do not take this into account and provide no means for reconciliation. Immediate 

and future impact cannot be accounted for in the planning process when the level 

of review i s  at the community or c i ty  government level and a l l  projects are at the 

site level . The community does not have the resources to evaluate and subsequent- 

l y  adjust each proiect to meet more stringent performance requirements simply 

because of the enormous number of such projects which occur. 

Development units can resolve the logistical problem by reducing the number 

of events to a number equal to the development units within its jurisdiction. 

Simultaneously, i t  provides a format for integrating several site development pro- 

jects into a combined planning and assessment operation. 

Development Unit 

Project related utilities, thoro- 
I fares, open space, parks and 
I land use planned and executed 

Figure No. 13 The development unit i s  a device that can be inserted between the site level 
and the community level and used as a format for relating the various objectives. 



DEVELOPMENT INDEX 

Following the land evaluation and modularization process, each development 

can be assigned an index to match its development potential. The basis of the 

index i s  to assign to the unit a range of land use types that are compatible with 

both the natural and man-built systems on and adjacent to the unit. 

In the test area, one hundred and six projects of varying uses and sizes were 

evaluated in  terms of eleven characteristics. The natural characteristics included 

slope, topographic complexity, drainage, soils, flood hazard and vegetation. The 

man-built characteristics included land use, land modification, adjacent land use, 

lot size, access to development and age of development . Each of these character- 

istics was indexed between a value of one and ten and the sum of a l l  characteristics 

i s  the development index. 

Natural Characteristics 

1. Slope 

Index 1 0 - 3% 
5 5 - 8% 

10 8% and above 

The average slope on a tract of land i s  indicative of the type of use. 
Industry and commercial uses seek the less sloping areas and low-density 
housing i s  most suited to the steeper areas. 

2. Topographic Complexity 

lndex 1 Flat or with slightly sloped plain surface 
5 Rolling with defined drainage courses 

10 Sharply defined land forms and steep walled (15% and above) 
drainage courses. 

The complexity of the topography increases earthwork costs and mitigates 
against development requiring large structures. Lower density develop- 
ment with smaller structures i s  adaptable to rougher terrain. 

3. Drainage 

Index 1 Standing water; no defined drainage ways 
5 Defined drainage ways 

10 Steep drainage courses with no natural obstructions 

brainage of flat low-l ying sites increases the cost and maintenance prob- 
lems for lower intensity uses. Large complexes can best ad just to a sim- 
pl ified man-made drainage system. 



4. Soils 

Index 1 Al luv ia l  soils with l i t t le  profile 
5 Soils with well-developed profile 

10 Exposed rock with thin or no soil cover i n  area 

The basic soil structure influences or i s  influenced by many other factors. 
As a single constraint, i t  relates to suitabil i ty for foundations and other 
structures and erodibi l i ty.  

5 ,  Flood Hazard 
'CI 

Index 1 Low areas, frequently flooded 
5 Land lies within ten-year flood plain 

10 N o  chance of flooding 

The flooding hazards are obvious i n  their restriction, preventing a l l  but 
the most expendable development from the most hazardous areas. 

6. Vegetation 

Index 1 None, open soil with thin grass 
5 Moderate size vegetation wi th young (15 years) trees and 

other material from early successional phases 
10 Mature trees (40-50 years) 

The incidence of vegetation provides aesthetic, as wel l  as other, con- 
siderations. Low clearing costs are related to  lower development costs 
and mature trees add value to  residential development. 

Man-Made C haraeteristies 

7. Land Use (and Zoning) 

Index 1 Industrial 
5 Commercial 

10 Single-family residential or no urban use 

Land use on the evaluated sites was considered as a single factor. The 
development index i s  designed to be used as a predictive tool for al lo- 
cating uses to  a development unit. Pn many cases, there w i l l  be existing 
zoning and development that w i l l  be incompatible i n  terms of the other 
characteristics and special provisions w i l l  be necessary to deaj with them* 

8. Land Modification 

Index 1 Entire site graded and f i l led 
5 Twenty-five percent of site graded 

10 N o  grading or clearing 



Adiacent hand Use 

Index 9 $ndustrial 
5 Commercial 

10 Single-famisy residential or no urban use 

Adjacent land uses have an inffuence on the use of the site through their 
impact on the road system and visual influence. 

Unit Size i n  Square Feet 

Index 1 One million square feet 
5 250,000 square feet 

10 100,000 square feet 

Converting property units to development units presents the most serious 
problem in  considering the development unit process. When a unit i s  
already fragmented into many ownerships, coordination and integration 
of the properties into a combined development pattern i s  di f f icult .  

Access Road Type 

Pndex 1 Expressway 
5 Major intra-urban thorofare 

10 Local or neighborhood street 

Access type determihes the intensity of use that a unit can support and i s  . . 
rekited to its integration into the entire urban pattern 

The indices were compiled by evaluating sites and not development units. 

Each of the one hundred and six sites were in the urbanized area of the Crabtree 

Valley, The indices for the individual characteristics are added to gain a com- 

bined index which can function as a predictor for land use 'types on target 

deve loprnent unifs. 

Categories of land use are the same as those in  the zoning codes of the Ci ty of 

Raleigh, Each falls within a range of the combined index, which ranges from one 

Following the evaluation of the land and the assignment of a combined 

development index for the unit, a series of negotiations between the various 

participants can begin. The format can be a quasi-judicial hearing in  which each 

group can present its view of the most effective manner for developing the unit 

within the range of uses set forth in  the Index, 



The purpose should be to optimize the objectives of each of the participants. 

The instruments for accomplishing this revolve around the protection of the natural 

systems through maintenance of the drainage system, protection of erodible soils, 

maintenance of permeable areas and protection of the flood plain. 

Development interests can be accommodated by permitting a more intense use 

of the development tolerant areas of the unit than i s  permissible under normal 

zoning. 

Two basic tools are required to accomplish the change. The first i s  an intensity 

premium for developers who cooperate with the scheme. For those who dedicate 

land to the conservation of natural systems, an increase above normal development 

intensity would be permitted on the other land. 

In addition to premiums, the utilities, parks and public works departments can 

pre-plan and lay claim to the necessary rights-of-way and easements. Advance 

planning can resolve many of the problems that arise when sites are developed 

independent of their context. 



industry 

business 

shopping center 

buffer commercial 

neighborhood business 

office and institutional 

multi-unit dwellings 

high-intensity single unit 
dwellings 

single unit dwellings 

0 sample range 

1 3  
sample size 

Development l ndex 

Table No. 7 The development index is a summary of the natural and development 
factors that influence the use of the land. The index was prepared from an evaluation 
of 106 sites in the test area. The purpose of the index is to have a predictive tool that 
includes natural characteristics. I t  is intended to supplement zoning. 



DEVELOPMENT PREMIUMS 

Development premiums are bonuses to land owners and deve lepers for 

dedicating strategic lands to the public for conservation purposes. In the test area, 

this involves retaining the natural systems and making the development pattern more 

efficient. Premiums can be determined in  the form of increased density for residen- 

t ial  projects and an increase in floor area and land coverage for other types of dev- 

elopment. 

The floor area i s  the relationship between the gross floor area and the total 

land area of the development unit. In either case, increased allowances are de- 

signed to offset lost development rights. The range of premiums may not completely 

compensate the developer but they can contribute to greater efficiency when con- 

sidered in conjunction with the cost benefits associated with planned unit develop- 

ment ,and clustering. 

Modifications of present development practices include control of the extent 

of grading and land modification, lesser roadway and ut i l i ty  lengths and greater 

usable open space immediately proximate to the development. 

Distribution of the open space or unmodified land should be designed to 

protect the natural drainage and storm water storage system along the following 

priorities: 

1. Flood Plain - The area immediately adjacent to the major streams and 

subject to flooding during storms of a 100-year frequency. Forested portions of the 

flood plain are potentially more valuable as water storage and open space. Un- 

forested areas, however, shou Id be conserved and withheld from development as 

well to both protect the entire watershed and prevent damage to development 

through flooding. 

The floodway concept of f i l l ing in the flood plain i s  short-sighted because of 

its effect on accelerating runoff and implications to downstream users. 

2. Steep Slopes - Slopes over fifteen percent, whether vegetated or open, 

are crit ical to protection of the water system. Extensive modification increases 

erosion and siltation in the streams and alteration of i t s  hydraulic characteristics. 



3. Channels - Flowages above the 100-year flood plain which carry storm 

water intermittently should be protected to the extent that overall concentration 

times for runoff dre not accelerated. 

4. Permeable Soils - Vegetated or unvegetated soils with high absorptive 

capacities are necessary as recharge areas and storm water reservoirs to prevent 

the incremental sealing of the watershed and increased flooding hazards. 

The trade off or premium index for exchanges in  these areas involves an 

agreement in  advance of construction. The following schedule i s  a generalized 

indication of the types of premiums which can be afforded. 

I DEVELOPMENT PREMIUMS 

Area to be ded. 
as a percent of 
total area 

Percentage in- 
crease in  floor 
area 

Percentage in- 
crease in land 
coverage 

Table No, 8. Premium rates are expressed as a percentage increase over present 
permissible coverage. If the amount of land in  a l l  categories to  be dedicated i s  
l e e  than ten percent of the total unit area, premiums w i l l  be reduced by one-half. 



The relationships to be considered are the area of crit ical land as a percentage 

of the total site and a corresponding increase in floor area. As a means of en- 

couraging more intense or clustered development, the additional allowable land 

coverage i s  one quarter of the increased floor area. 

As an example, i f  ten acres of flood plain on a one hundred acre development 

unit are dedicated, the increased floor area ratio would be ten percent greater 

than presently permitted. 

Assuming that the present floor area i s  twenty percent, a gross floor area of  

twenty acres i s  permitted on the unit. As a premium, ten percent or two addition- 

al acres i s  permitted. Land coverage additions would be one-half of that figure 

or one acre. The latter would ensure multi-story structures as well as less road 

and parking area than normal l y associated with present regulations. 

Fol lowing the determination of premiums, the planning function returns to 

the public agencies to prepare an integrated uti l i ty, roadway and open space system 

for the unit. 

PRE-PLANNING 

Pre-planning of development unit physical systems follows the agreement 

between the developers, owners, public agencies and public interest groups of the 

structure of land use in  the target area. Systems to be planned are roadways, 

utilities and open space; and location of other public facilities such as parks, 

schools, fire stations and other necessaryl*publ ic investments. 

Each system can be pre-planned and rights-of-way or sites acquired in advance 

of development to ensure compliance with an over-al l design established to achieve 

the integration of the objectives stated by each of the participants. 

Advance acquisition of land and rights-of-way w i l l  ensure that development 

follows the pre-considered organization involved in each step of the guidance 

process. The unit can be developed over a normal time span and under existing 

development controls from this point forward. 



TEST CASE DEVELOPMENT UNIT 

A test development unit in the center of the study area was chosen as a 

typical example. The unit i s  already developed and i s  representative of the 

general pattern and organization of uses on the land. The objective of the study 

i s  to demonstrate the use of the guidance system as a device for integrating mul- 

tiple objectives. 

The unit chosen i s  a three hundred acre, rolling, partially wooded area lying 

immediately adjacent to the main stream (Crabtree Creek). I t  i s  presently devel- 

oped with a mix of uses ranging from a regional shopping center to multi- and 

single-fami ly housing. The unit was developed over a ten-year span as a series of 

unrelated projects and subdivisions. 

There are fifty-three acres of land within the one hundred-year flood plain 

and seventy acres of steep slopes and erodible soils combined with semi-mature 

tree cover. There i s  no existing development in  the flood plain, but much of the 

cri t ical drainage area and steep slopes has been altered. In general, i t  i s  a wood- 

ed and pleasant area which has not been involved i n  the controversy over misuse 

of the valley. 

I t  has, however, been developed incrementally and contributed to  the silt 

load of the lower reaches of the creek and i s  susceptible to a greater intensity of 

development in the near future. 

Proximity to the shopping center w i l l  express an inexorable pressure on land 

costs and force the remaining open space, both i n  the flood plain and uplands, into 

more disjointed development. 

The test case does not seek to modify the existing pattern. I t  uses i t s  

configuration and density as a norm from which to project a more integrated 

approach to the development of the unit. 



In the breakdown of the watershed into development units, this unit would be 

identified as a natural and man-made entity. Application of the development 

index gives i t  a rating of fifty-four. 

1. Slope 
2. Topographic complex 
3. Drainage 
4. Soils 
5. Flood hazard 
6. Vegetation 
7. Land use 
8. Land modification 
9. Adjacent land use 

10. Unit size 
11  . Access road types 

5 
i ty  7 

5 
5 
5 
4 
7 
6 
6 
1 
3 - 

54 

The index places i t  i n  the range of multi-family through low-density, single- 

family residential. 

The calculation of the development index did not include the influence of the 

regional shopping center which i s  at the apex of the unit and separated from the 

major portion by an expressway. I f  this had been included, the index would have 

been in  the thirty to forty range which includes shopping centers and other 

commercial uses. 

Calculations were based on available data and none was available for the 

shopping center and adjacent complexes. 

Specifically, the test case involves application of the development index, 

assignment of premiums and subsequent delineation of a plan for development of 

the land unit. The plan emphasizes conservation of the natural systems by placing 

the cri t ical land features, flood plain, drainage channels, steep slopes and woods 

under public ownership or control. Combined, these features produce a multi- 

faceted context for following development; provision of open space, shaping of a 

development pattern and conservation of natural processes. These are broadly the 

objectives of the public interest groups. 



Raleigh parks and recreation interests are served by the same features through 

acquisition of a greenway system capable of linking a l l  their facilities within 

proximity to the unit, 

Realty and development interests gain i n  the efficiency of development afforded 

by the clustering effect encouraged by the unitizing process. Road and ut i l i ty  

corridor lengths are reduced and the c i ty  claims fee ownership of a l l  such rights-of- 

way. Increased intensity through premiums for dedication of conservation lands also 

increases efficiency. 

General c i ty  management as i t  relates to the Planning and Public Works Depart -. 

ments i s  served by establishing the development unit as the minimum increment of 

land conversion. Ut i l i ty  and thorofare planning are processed simultaneously with 

the land use pattern and rights-of-way can be acquired in  advance of development, 

The pattern of development as a result of this should become more stable because 

of the f lexibi l i ty of the development index in  assigning uses and the subsequent 

performance of development as they relate to the natural processes. 

Public hearings following assignment of the index and correlation of plans 

for public acquisition of land in return for premiums can guarantee input from al l  

concerned, 

There are two assumptions involved in the development of the test case: 

1 . Existing development on the test unit i s  considered a normal intensity ex- 

clusive of the regional shopping center. The test case i s  based on an extension of 

the unit's present condition. 

2. In calculating the floor area of a typical dwelling unit, two thousand 

square feet i s  considered average. Premiums which are expressed in  percentage of 

permissible increased floor area are converted to dwelling units at thls rate for 

purposes of the test case. Premiums are a straight line addition to the present floor 

area on the land unit. 



Premiums are based on Table 8. The amount of land to be dedicated i s  in  

excess of ten percent of the total unit area and the ful l  premium rate i s  applicable. 

Total site 

Flood plain 

300 acres 

53 acres 

Slope, erodible soil and 
wooded area 70 acres 

Total conservation land 123 acres 

Percentage of site 41% 

The present use of the site includes: 

Single-family dwellings 297 

Multi-family dwel I ings 90 

Total dwelling units 

The flood plain premium at the rate of twenty-five percent permits an increase of: 

Flood plain 

387 d .u . x 2000 s .f. = 774,000 s.f. 

(0.25 x 774,000) + 2000 = 97 additional d . u . 
Slope, erodible soil and wooded area based on a ten percent rate: 

(0.1 x 774,000) f 2000 = 39additionald.u. 

for a total increase of 136 d .u . 
The proposed site development i s  arrived at as follows: 

Flood plain allowance 97 

Slope, erodible soil and 
wooded area 39 

Average density of use as 
previously permitted 387 

Total new allowance 523 d.u. 



In the development plan, this i s  divided as follows: 

Single-fami ly  dwelling units 173 

Multi-family dwelling units 35 0 

523 
The multi-family dwelling units are organized into two large clusters of 
seventy-five and one hundred units each and nine small clusters of twenty 
each. 

Using road length as an example of development efficiency under this procedure 

there i s  a 27.8% reduction in  overall road length. 

Existing site 22,310 ft. 

Proposal 16,250 ft . 
6,060 ft. 

27.8% reduction 

The estimates, assumptions and precision of calculations are very general for 

the particular development unit. They are intended, as i s  the total case study, to 

represent a process for relating the objectives of major participants to a common 

format and then meeting these objectives through an integrated planning process. 



Figure No.  14, The existing pattern of development on the test unit i s  considered 
a typical arrangement, expressing average densities and physical patterns. The test 
site and proposals are based on projections made from the present use of this site. 



Figure No, 15. The flood plain and erodible soils l ie generally in the low areas 
and steep banks along the drainage ways. They are not economical to develop 
but are instrumental in protecting the functioning of the natural systems. 
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Figure NO. 16. The vegetation on the site is  the remnants of a typical Piedmont 
forest. It functions to provide watershed control and serves a visual and aesthetic 
purpose by giving the development a semi-wooded character. 



Figure No. 17, The unbuildable and marginal slopes are generally in and adjacent 
to the drainage courses, further heightening their unsuitability for building and 
modification for development. 



Figure NO. 18. The proposed development plan i s  based on applying the develop- 
ment index to the development unit and carrying the premium trade off arrangement 
through to create a more efficient plan that meets the objectives of a l l  participants, 
The ~ l a n  contains 136 more units with twenty-eight percent less road than the 
existing pattern. 
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