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Ecologically Based Planning
and Design Techniques

Let’s return for a moment to Exponentia, our beleaguered community with typi-
cal post-1950s, North American development patterns (see Chapter 3). Although
Exponentia has a-comprehensive plan, zoning ordinances, and even detailed site
design standards, the resulting development looks remarkably unplanned.
Houses, condominiums, shopping centers, and office parks are separated into
single-use pods linked by wide, habitat-fragmenting roads. There is certainly
some greenery on the landscape, but aside from a few parks, most of it is leftover
scraps of unbuildable land or token landscaped “open space” within develop-
ments. What few natural habitats remain are accessible only to salamanders with
driver’s licenses. Looking east toward the mountains, development is sparser but
still regular enough to break up any large blocks of natural land.

Focusing in on individual developments, we see a landscape that has been
clear-cut, regraded, and replanted with turfgrass and exotic plant species—a land-
scape where natural water flows have been rerouted to underground pipes and
stormwater detention ponds. These developments are the product of standards
and regulations—dimensional requirements, road widths, pipe diameters, curb
types, and turning radii for fire trucks—that are exceedingly detailed yet give
little regard to the natural environment. We wish that Exponentia were a straw
man, a grotesque exaggeration of reality, but in fact this picture should resonate
with residents in almost every part of the United States and Canada.

The recent “smart growth” movement is an attempt to address the environ-
mental, social, economic, and quality of life problems associated with growth pat-

Ecologically Based Planning and Design Techniques

terns such as those in Exponentia. Impetus from land use professionals, envi-
ronmentalists, community activists, politicians, and some developers has
prompted major changes in how planning and development occur in some ju-
risdictions. If nothing else, the smart growth movement has increased public
awareness of the costs of poorly planned growth, with articles on sprawl ap-
pearing in such popular publications as USA Today, Newsweek, and many met-
ropolitan newspapers. Yet progress has been spotty, with improvements in some
areas offset by stasis or even regression in others. For example, local and state
funding for land conservation has increased, but so, too, have vehicle miles trav-
eled per capita and land consumption per capita, two key indicators of sprawl.!

As we discuss in the Introduction, this book focuses primarily on two im-
portant aspects of smart growth: (1) addressing the effect of human activities on
ecological integrity and biodiversity, and (2) safeguarding humans and their
property with regard to the ecological context. In this chapter, we examine some
of the more promising smart growth tools and techniques (both established and
cutting-edge) available to planners, designers, and developers from the standpoint
of these two goals. We begin the chapter by discussing the processes by which
ecological data can be incorporated into plans. The next three subsections describe
effective planning and design techniques for protecting biodiversity and ecologi-
cal integrity at three different scales, beginning at the landscape scale (counties
and regions), then moving to the sublandscape scale (cities, towns, and counties)
and to the habitat scale (lots and sites). You may be familiar with cluster devel-
opment from the perspective of a planner or developer, but how does it look from
the perspective of a turtle? Scientific studies can help answer this type of ques-
tion, informing the work of land use professionals with reliable information
about how better to design for biological conservation.

The final subsection reviews practices for enhancing human health, safety,
and welfare in the ecological context. Although we purposely keep discussion of
each technique brief and centered on ecology, this ecological focus does not imply

that other planning goals—such as meeting society’s housing, transportation,

and economic needs—are unimportant. The planner’s and designer’s role is to in-
tegrate all of these goals into a cohesive whole—and we hope to advance this
process by elucidating one such goal.

Using Ecological Data

In Chapter 7 and again in the planning exercise in Chapter 11, we discuss the
types of ecological data that planners and designers should seek to obtain for their
site or study area—for example, what species and habitats are present, what types

of natural and human disturbances affect the area, and what conditions occur be-

yond the study area boundaries. Once ecological information has been collected,
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Jand use planning. A worthy conservation goal at the landscape scale would be to

APPLICATIONS

implement the “aggregate-with-outliers” model (see page 115), in which large
contiguous patches of natural or seminatural lands are set aside for such values
as core habitat and headwater stream protection. Similarly, large patches of agri-
cultural and urban lands can be designated so as to gain the benefits of aggre-
gating these land uses.

Landscape Conservation and Development Plan
Planning at the landscape scale must address the broadest possible land use

question: where should humans build, farm, or ranch, and where should they -
not? The creation of a landscape conservation and development plan (LCDP) can |

help answer this question in a simple, easy-to-understand format. The LCDP
need only consist of four elements: core habitat, secondary habitat, intensive pro-
duction areas, and urban areas (see Figure 10-2).* Although the LCDP is our term
for a plan that blends traditions of conservation planning and large-scale land use
planning, such planning is not without precedent. For example, Color Plate 9 is

‘a long-term, large-scale plan for the Portland, Oregon, area that describes gen- -

eral future development and conservation patterns.

The first of the four LCDP elements is core habitat.** These are the land-
scape’s system of nature reserves and should be designated based on the location
of rare species and habitats, intact natural systems, and lands providing valuable
ecosystem services, such as groundwater recharge and headwater stream protec-
tion. Landscape ecology principles should also inform the designation of core
habitats to create a system that includes hubs (areas with considerable interior
habitat), linkages (corridors or stepping stones, depending on the species of con-
cern), and small “outlier” reserves. Not all of the core habitat needs to be in pub-
lic ownership or protected through outright acquisition; planners can use other
land protection strategies, including purchase of development rights, transfer of
development rights (explained later in this chapter), donation of land or land in-
terests, and various types of conservation easements. These techniques may allow

*This typology is a variation on the tripartite classification of core habitat, buffer area, and matrix, which some
conservation biologists have suggested for conservation planning. However, intensive production areas, such
as row crop agriculture and plantation forestry, merit a separate category since they are neither buffer areas
(because they offer little habitat value) nor urban areas. Intensive production areas also tend to be an impor-
tant focus of planners working in rural and semirural landscapes.

**The concept of “core habitat” presented here is different from what many conservation biologists mean when
they discuss “core reserves”: very large reserves, tens to hundreds of miles or kilometers across, that are off-

limits to almost all human activities. While core reserves may be achievable in some areas, they are rarely |

feasible in the context of planning and design work. Therefore, we focus instead on smaller, more varied core
habitats, which are essential to biodiversity conservation and are feasible in almost every jurisdiction, at the
scale where planners and designers tend to work.

Ecologically Based Planning and Design Techniques

LEGEND

- Core Habitat
- Sccondary Habitat
Intensive Production
Area
Urban Areas’
e Major Road

Figure 10-2. The landscape
conservation and development
plan is a generalized landscape-
scale planning map showing the
proposed location of core habitats,
secondary habitats, intensive pro-
duction areas (agriculture and
forestry), and urban areas. Eco-
logical analysis, landscape ecology
principles, and the goals of the
region’s residents and leaders
should all inform the creation of
this long-term plan.

for a low levél of continued human activity on the land as long as it is compatible
with the local ecology.

The secondary habitat can be thought of as buffer areas that surround the
core habitat. These buffers provide the following ecological values:

e Increasing the quality of interior habitat in the core areas by reducing ex-
ternal impacts to these areas

¢ Increasing the amount of habitat available to species that can tolerate low to
moderate levels of human activity

¢ Designating large areas that will have near-normal ecosystem functlonmg
(e-g., groundwater recharge).

From a planning perspective, secondary habitat consists of those land uses that
generate very modest ecological impacts, disturbing only a small portion of the
land in a manner that has no long-term negative effects. For example, low-
intensity forestry, very low-density development, and many types of passive
(nature-based) recreation could provide secondary habitat, as could low-intensity
agriculture that provides significant habitat value.
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194  APPLICATIONS Ecologically Based Planning and Design Techniques 195

overall conservation vision should be established at the landscape scale so as to
plan for large patches, persistent populations, and functioning ecosystem
processes, the sublandscape scale is especially relevant to planners since this is
the level at which many regulatory and administrative tools are implemented.
Two important conservation goals for planners working at the sublandscape scale
are (1) to implement the LCDP by directing land use at the local level,* and (2)
to influence the sequence of land transformation (which areas are developed
first). Four approaches for reaching these goals are discussed below.

Conventional Zoning

Conventional zoning is often referred to as Euclidian zoning after the land-
mark 1926 U.S. Supreme Court case Village of Euclid (Ohio) v. Ambler Realty
- Co., which established its constitutionality as a permissible exercise of local gov-
- ernments” police power. This approach, which remains planners’ principal tool
for directing development, involves dividing a jurisdiction into various zoning
districts, each of which allows different types of land uses and has different re-
quirements for lot dimensions and other development characteristics. The
districts are usually delineated on a zoning map, and the accompanying require-
ments for each district are described in a zoning ordinance, code, or bylaw.
From the standpoint of ecology, Euclidian zoning can be either positive or
negative. The fundamental concept of zoning a jurisdiction based on the suit-
ability of the land in each area to accommodate different human uses is basically
the same approach used in ecologically based planning. The problem is that zon-
ing maps are often based less on the land’s environmental suitability than on
its economic or transportation suitability, historical precedent, or even political
expediency. For example, countless jurisdictions have chosen to locate their in-
dustrial districts along rivers and in floodplains, creating a host of ecological prob-
lems as well as planning dilemmas for communities whose residents now want
public access to their waterfronts. .

A deeper problem of relying exclusively on Euclidian zoning to protect bio-
diversity and ecological integrity is the great difficulty of designating zones that
exclude development completely. This restriction in the use of zoning is based on
federal laws and judicial precedent in the United States and, to a lesser extent,
in Canada that generally prohibit the government from “taking” property without

. N 1} {,.g 3
A

Figure 10-3. Transfer of development rights (TDR) typically allows additional devel-

opment to occur in and near existing settlements in exchange for protecting rural

lands from development. Planners can use this tool to create large ecologically intact

areas of natural habitat. The heavy black outlines in the diagram show the boundaries

of the TDR sending area (at left) and the TDR receiving area (at right).

quality core and secondary habitat areas. For legal reasons, most TDR programs
do not prohibit development in the sending area, although they may discourage
it by reducing the allowed density of development. Given the essentially volun-
tary nature of most TDR programs, the successful programs are those that es-
tablish incentives to make it more profitable for landowners in the sending area
to sell their development rights than to build on the property itself. To promote
biological conservation goals, incentives could be offered on a “sliding scale” so
that the most valuable tracts of habitat within the sending area are worth the
greatest number of development credits if their owners participate in the TDR
program. Even with good incentives in place, however, TDR cannot always be
counted on to protect any particular parcel. Thus, if the study area contains
unique or especially valuable conservation targets, it may be wise to supplement
TDR with other land protection strategies, such as outright acquisition.

Sublandscape Scale (Cities, Towns, and Counties)

We define the sublandscape scale as groups of land uses and ecosystems within
an area roughly several miles or kilometers across. Examples would include the
entire jurisdiction of many North American cities, towns, and townships; por-
tions of counties; and watersheds of third- or fourth-order streams. Whereas the .

* The idealized planning process presented here involves close cooperation between different levels of gov-
ernment to prepare a broad-brush LCDP at the county, regional, or state level (with local input) and then im-
plement it primarily at the municipal or county level (or both). In reality, this level of cooperation does not
always exist—either for logistical reasons (e.g., not enough planning resources) or for political ones—but this
should not derail the basic approach advacated here. For example, in the absence of an LCDP prepared at the
county, regional, or state level, local governments can still place their planning and zoning activities in a larger
ecological framework by looking outside the boundaries of their jurisdictions.
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APPLICATIONS

to no more than 25 percent of the total units ‘
e tha per year. Another t
ment phasing links development approvals to e oo

such techni i
hniques as concurrency requirements or adequate facilities ordinances

El}ese provisions require that infrastructure such as roads and sewers be in place
- . e :

be o;e de_veloprnent can proceed at a given location. If a developer wants to build |

In a location that lacks adequate infrastructure, he can either fund the infrastruc

ture hlms.elf or wait until publicly funded infrastructure is extended to the site, |

By thinking spatially, planners can use development phasing as a tool toe.f ‘
fect the sequence and speed at which native habitat is transformed to built ] ad—‘
In Chapter 6, we presented a land transformation sequence that retains I::ge;

patches of natural vegetation on the landscape for as long possible while weav-

ing zo;ndors and small reserves into the built portion of the landscape (see Fig-
ure 6-10). Fortunately, this land transformation model is consistent with many

of the. teachings of good planning practice, which recommend aggregating built
areas in order to attain efficiencies of land use,

development phasing poli i
. : § Polcy to promote ecologically optimal land
tion might include the following provisions: 7o e manatorne:

* An adequate facilities ordinance matched with an infrastructure plan that
targets new roads, water and sewer lines, and public facilities to less ecologi-
f:ally sensitive areas aggregated together and in close proximity to preexiftl-
ing settlements .

* A growth rate limitation ordinance that establishes a maximﬁm citywide
I(Ior 'countywide) annual building permit cap as well as an ecologically based

point system” that gives preference in the issuance of the permits to proj-
ects that (1) are close to existing settled or degraded lands versus large J
blocks of native habitat, (2) have low impacts related to habitat destruction
and fragmentau'on, and (3) provide ecological benefits, such as habitat
restoration or improved watershed management -

Habitat Scale (Sites and Lots)

"ljhe habitat scale offers the widest range of challenges and opportunities for de-
signers such as engineers and landscape architects. This, too, is where develop-
ers can have the greatest influence. While often maligned, as enVironmentPl
vmalns, developers have a critical role to play in protecting ecological integri .
First, they control the land (subject to regulatory constraints) and, with itg- i}tli
Power to protect, conserve, and restore. The rise of flexible develofl;ent re I la-
tions makes it increasingly possible to do so while still profiting handsori::;l

Perhaps even more importantly, developers and their allies in the marketing irii

infrastructure availability through

. transportation, and infrastructure -
W . . . re
hile enhancing the social and economic synergies of tight-knit communities, A

_Ecologically Based Planning and Design Techniques

dustry strongly influence consumer preference for real estate products. Con-
ventional wisdom in real estate marketing is often at odds with ecological de-
sign—for example, the notion that home buyers prefer large private yards to pro-
tected open space, or exotic landscaping to native species. But these “preferences”
are in large part a creation of marketing efforts to sell the product that develop-
ers have historically built.

Ecologically minded developers can redirect this marketing energy to
promote more harmonious forms of development. This point is illustrated by the
example of Village Homes, a green development in Davis, California, that
includes a natural vegetation stormwater management system, edible landscap-
ing, and other eco-innovations. When the first units were placed on the market
in the late 1970s, some realtors refused to show them since they did not fit the
standard model; now, Village Homes is among the most desirable addresses in
Davis, and its units sell faster and for more money than comparable houses in
other developments.®

For.designers and developers, three principles may help with planning a site
in a way that protects its conservation values while providing access to nature for
future human occupants. Throughout this book, we have emphasized the im-
portance of understanding and designing land with regard to.its ecological con-
text. Thus, a first principle for ecologically based site-scale planning involves
designing each small piece of the landscape in a way that essentially implements
larger-scale ecological plans, such as the LCDP and the sublandscape-scale green-
print. Zoning regulations may mandate consistency with these plans, and de-
signers can use them to help understand the potential contribution of their site
to landscape-scale conservation goals. ’ '

Second, when opportunities exist to integrate small patches of nature into
site plans, designers should consider not only how humans can benefit from such
amenities as walking trails or bird-watching areas but also how these small
patches can simultaneously advance conservation goals, such as protecting unique
microhabitats or stepping stones. As we discussed in Chapter 8, there are few

" parts of the landscape that we can afford to dismiss as ecologically unimportant;

even urban parks can provide ecological benefits if properly designed.

Third, recalling the concept of ecological health discussed in Chapter 6, site
designs should strive to use land in such a way that it does not become perma-
nently degraded or impair the integrity of off-site ecosystems through such im-
pacts as pollution or fragmentation. The following three specific design techniques
illustrate how these principles can be applied at the habitat scale.”

* Although all of these techniques are applied at the scale of sites or lots, they tend to be enabled or mandated
by laws enacted at the municipal or county level.
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Figure 10-5. Requirements for wide roads, shallow grades, and long sight distances
translate into the need to destroy and regrade large amounts of native habitat.

low-density development spilling into rural areas. In landscape ecology terms,
clustering aggregates land uses at the site scale, but not at the landscape scale,
where it matters most. This critique points to a few recommendations for plan-
ners. First, open space protected through clustering should fit into a citywide or
countywide greenprint or similar ecological framework to help conserve ecologi-
cal values at a larger scale. Second, when considering whether to require a min-
imum percentage of a development site to remain as open space, planners should
weigh the value of the open space against the possible ecological benefits of more
concentrated development (which might ultimately reduce the demand for addi-
tional land conversion). For example, large front, side, and rear lot setbacks usually
provide little ecological benefit (although they may offer some human benefit)
and can contribute to sprawl. Finally, for a very large site—perhaps a few thou-

sand acres or more—clustering and PUDs can be an effective technique for se- -

curing natural habitats with large-patch benefits.

Ecologically Based Site Development Practices _

Whether one is building a conservation subdivision, a city park, or a shop-
ping center, the ecological outcome of the project can be vastly improved by in-
corporating sensitive design features (see Figures 10-5 and 10-6). Unfortunately,
most of these features are at odds with conventional development practices. Table
10-1 compares conventional and ecologically sensitive approaches to several as-
pects of site design. Many of the sensitive development practices can actually
yield substantial savings to developers by reducing expensive site preparation

Ecologically Based Planning and Design Techniques

Figure 10-6. This photo illustrates some of the principles of sensitive site design, in-
cluding the use of narrower roads and the retention of native vegetation. The develop-.
ment shown in the photo contains 33 dwelling units on 64 acres (an overall density of
about one unit per two acres), yet 86% of the site was retained as undeveloped wood-
lands and meadow. ' ’

costs, such as earth moving and roadway construction. Planners can facilitate the
use of these practices by ensuring that local development regulations do not pre-
clude such approaches (by, for example, mandating excessively wide roads). Some

' jurisdictions also have regulations that proactively encourage or require the use

of sensitive development practices.

Environmental Review _

In many jurisdictions, state/provincial and local environmental review is re-
quired for major development projects. On the local level, environmental review
may be part of subdivision review or site plan review or may be required in con-
junction with the issuance of a special permit (a conditional use permit). These
reviews almost always consider engineering factors, such as stormwater runoff
and grading, but ecological considerations are often lacking. Even where the law
requires an evaluation of the project’s habitat or wildlife impacts, the analysis pro-
vided is often cursory, biased, or ill informéd. By not requiring (or not enforcing
the requirement for) meaningful ecological assessment as part of local environ-
mental review, planners miss out on a prime opportunigy to promote conserva-
tion within development projects. An ecological assessment requirement based on
the considerations in this book might call for the information shown in Box 10-2.

Regarding the last point in Box 10-2, one way to view an ecosystem is as a
package of values and services: species diversity, genetic diversity, nutrient cy-
dling, hydrological functioning, and so on. A worthy-goal for land use proposals
is to retain—if not increase—the total value of this package through a strategy
of “minimize, mitigate, compensate.” First, minimize losses by avoiding impacts
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in the first place. Next, mitigate any losses through designed solutions, such as
replanted vegetation or constructed wetlands for treating polluted runoff. Finally,
compensate for loss in one value with improvement in another—for example, by
restoring an area of degraded land. To be sure, various “eco-assets” are not in-
terchangeable or fully separable from one another. Yet, if a site is to be modified
for human use, tradeoffs must inevitably be made. Although it is difficult to truly
replicate a natural habitat, a “no netloss” approach is a major improvement over
conventional practice that often fails to identify, much less address, the loss of
ecological values.

Up to this point in the chapter, we have focused on approaches to protecting
native species and ecosystems in developed or developing landscapes. We now
turn again to the second of the major themes of this book: safeguarding human
communities from natural hazards.

Protecting Human Safety in the Ecological Context

In 1993, flood waters ripped through the midwestern United States, breaching
more than a 1,000 levees, damaging 70,000 buildings, and killing fifty people.”

Ecologically Based Planning and Design Techniques

Figure 10-7. Land in Chesterfield, Missouri, that was under ten feet (3 m) of water
during the floods of 1993 is now the site of 7 million square feet (650,000 square m} of
new commercial space.

Near the confluence of the Mississippi and Missouri rivers in Chesterfield, Mis-
souri, the Smoke House market, a local landmark identifiable by the giant pig on
its sign, wallowed in more than ten feet (3 m) of muddy water. Luckily, at the
time, the market had few close neighbors; much of the surrounding land was
farm fields. Ten years later, this floodplain is home to the largest strip retail cen-
ter in the United States—part of 7 million square feet (650,000 square m) of new
commercial development here (see Figure 10-7). In pursuit of tax revenue and
jobs, local and state officials not only allowed extensive development in the Mis-
souri River floodplain but also used public funds to subsidize a bigger levee and
a new highway interchange to make this development possible. Nor is this an
isolated example: at least ten major development projects are under way within
a short drive of Chesterfield, many of them publicly subsidized. These projects
are slated to urbanize 14,000 acres (5,600 ha) of agricultural floodplain, most of
which was underwater in 1993.2 While new levees offer some protection to these
developments (at least until the next massive flood hits), they will also worsen
flooding in other areas and raise the overall level of the rivers, reducing the ef-
fectiveness of all downstream levees.

Thirty miles away in Arnold, Missouri, the community responded to the
1993 floods in a very different way, purchasing 85 residences, 2 businesses, and
143 mobile home pads in flood-prone areas. Two years later, when another
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