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Buildout Analysis: A Valuable Planning and
Hazard Mitigation Tool

By David R. Godschalk, eaicre

Anticipating the likely impacts of future development on livability and safety is an ongoing

challenge for local planners and emergency managers.

How can you transiate those symbols on the
future fand-use map or the zoning map dis-
tricts into potential impacts on hazard vulner-
ability, community livability, and infrastruc-
ture capacity? One approach is to conduct a
buitdeut analysis in order to generate a future
growth scenario of full development.

Buildout analysis is a useful tooi for
pianners and emergency managers who wish
to anticipate the impacts of future develop-
ment. Buildout analysis looks ahead to the
planning haorizon in order fo project the
amount and location of growth allowed under
existing community devetopment policies, i
findings can be used to assess the resulting
impacts and to ask whether current plans,
development regulations, and hazard mitiga-
tion strategies should be reconsidered.

YWAHAT IS BUILDOUT ANALYSIS?

in its basic form, buildout analysis simply asks:
What is Hikely to happen if the community grows
to the full extent allowed under present devel-
opment regulations and plans? it says: Let’s
assume that all the growth permitted under our
future land-use plans or zoring comes o pass,
then ook at the outcome and see if we believe

that the resulting development pattern is desir-

able or needs to be changed.

HOW IS BUILDOUT ANALYSIS USED?
The basic purpose of buitdout analysis is to
rranslate technical planning and regulatory
materials inte a long-range growth picture or
scenario that can be understood by local deci-
sion makers to help them evaluate potential
impacts and discuss possible aiternatives.
impacts can be expressed in ferms of the
number and location of new housing units,
the amount and location of new commercial or
industrial square footage, the size of the new
nopulation of some portion of it—such as the
number of new schoal-age children, the addi-
tional galions per day of water demand, the
length of new roads, and the like. To affect or
mitigate the jmpacts, planners can explore
alternatives such as amendments to the future
land-use plan, zoning ordinance, floodplain
maps, or environmental protection policies,
Local and regionat growth managers
can use buildout analysis to assess the
desirability of future land-use patterns and
the adequacy of infrastructure and capial
improvement programs. Jurisdictions with

urban growth boundaries can use buildeout
analysis to compare the capacity of desig-
nated growth areas with projected popula-
tion demands, Emergency managers ¢an use
buildout analysis to project the vulnerabiiity
of future development {o natural hazards.
Communities concerned about maintaining
their quality of life or sustainability can use
buildout analysis to construct visions or sce-
narios of future conditions.

Applications of bulldout analysis can be
found in a number of jurisdictions,

Mecklenburg County, North Carolina,
applied bulidout analysis in combination
with HAZUS modeling (see sidebar) to proj-
ect the impacis of development on flood
hazard areas and vuinerability. The state of
Massachusetts applied bulidout analysis to
encourage all of its cities and towns to look
to the future and consider policy changes to
preserve and enhance their quality of life,
The Massachusetts Audubon Scciety applied
buildout analysis to assess the impacts of
sprawl.




MECKLENBURG COUNTY FLOOD
HAZARD ANALYSIS

Mecklenburg County, including the city of
Charlotte, wanted i{s citizens to be aware of
their exposure to flooding. in 1999, they
invested federal, state, and local funds in
updating their floed maps. The new maps
show not only where the fioodplain is cur-
rently but also where it will be when the area
is completely developed,

To replace its out-of-date floodplain maps,
which FEMA created in 1975 using predicted
1995 land use, the county used hydrologic/
hydraulic computer models t¢ develop new
maps based on current (1999} land-use and
watershed data. These maps hecame the offi-
cial FEMA Flood insurance Rate Maps (FIRMs).
FEMA, however, does not draw floodplain maps
based on future land use. The county therefore
used buitdout analysis to prepare local
Floodplain Land Use Maps (FLUMs) to limit new
development in the future flood hazard area.

County planners derived ultimate buitdout
from local district plans to create GIS coverages
of future tand use. They added these into the
hydrologic/hydrautic computer models and
computed new flood elevations and floodplain
areas. They then prepared revised zoning and
stream sethback regulations te ensure the safety

of future development,
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adopt the new maps and regutations in
order to keep future development cut of
harm's way.

FAASSACHUSETTS STATEWIDE BUILDGUT
ANALYSIS
The state of Massachusetts completed
buitdout analyses for all of its 351 commu-
nities in 2002, as part of the Community
Preservation Initiative of the Executive
Office of Environmental Affairs. Cutputs of
the analyses included number of housing
units, poputation and number of school
chitdren, square feet of commercial and
industrial space, gallons of water demand,
and miles of roads. These analyses were
presented to local decision makers ta heip
them evaluate potential impacts of future
development and to create a receptive
environment for discussion of alternatives
such as zoning changes, open space pro-
tection, and regional cooperation.
MassGlS—the state geographic infor-
mation agency—provided developed land-
use data, Analyses were conducted by
regional planning agencies and consult-
ants, Undeveloped land in each zoning
district was identified through interpreta-
tion of orthophaotographs {photographs
prepared from perspective photographs
by removing distortions and displace-
ments of points caused by tilt, relief, and
pefspective), ignoring parce! boundaries.
Using overiay and spreadsheet tools, stan-
dard formulas were applied to generate
yields of future residential units and com-
merciatfindustrial areas. The state pro-
vided a buitdout analysis methodology
and scope of services for contractors.
Because the Office of Environmental
Affairs contracted in buik for the buildout
analyses for the entire state, there were
significant econgmies of scale and each
huildout map series ¢cost only $7,000 per
community




tographs and zoning districts, the
Massachusetis map products include:

& Zoning and Absclute Development
Canstraints Map: Absclute develapment
constraints include permanently protected
open space and other no-build areas,

8 Develppable Llands and Partial
Constraints Map: Partial constraints
inctude wetlands or floodplains that can
be included in gross building lot mini-
mums {even though not built on}, soil
types that limit development due 16 poor
drainage, and the like.

a Composite Development Map: A visual
summary showing developable lands and
developed or protected lands, along with a
chart summarizing potential impacts at
buildout.

For example, the composite development
map (Figure 3} for the town of Great Barrington
depicts the pattern of future developable
land, the land with absolute develepment
constraints, and the land with partial develop-
ment constraints. The map also includes three
tables: the percentage of land in each zoning
district, current demographics and buildout
projections comparing buildout values with
those from the year 1990 and 2000, and sum-
mary of buildeut impacis.

MASS AUDUBON SPRAWL ANALYSIS

The Massachusetts Audubon Society used
buiideut analysis and U.S. Census housing
permit data to illustrate two “sprawl frontiers.”
They found high levels of developmentin
areas of relatively low bulidout west of 495
and in tower southwestern Massachusetts,
This combination of high rates of construction
with relatively unbuilt iand acis as a sprawl
frontier pushing its way west and southeast

across the siate {see Figure 4}, While high
+

COHDUTTING A BURT

leff Lacy's The Manual of Build-Out Analysis.
The use of a GIS computer mapping program
and a computer database and spreadsheets
increases the efficiency and consistency of
buitdout analysis, as described in the
Massachusetts buildout program.

Localities considering conducting a
bulldout analysis need to ask themselves a
number of questions. How would they
use a buildout anatysis? What method is
best suited to their needs? What data are
available?

future problems); the level of detall
needed (e.g., a parcel tevel or a zoning dis-
trict level, only residential development or
al] development); and the time period to
be studied (e.g., complete buildout when-
ever that occurs or the level of buildout at
some future periods, such as 10- or 20-
year increments). For example,
Meckienburg County analyzed the areas
adjacent to its streams because it was con-
cerned with the Impact of future develop-
ment on flooding. It used parcel-tevel data,
which were needed as inputs to the fiood

Relationship between buildout
and new single-family housing
construction

EXPECTED USE

Buildout analyses can be used to assess
and amend development regulations,
inctuding roning and subdivision ardi-

nances, which may contribute to the poten-

tigl of future disasters. They can be used io

Buildout and Sprawl Frontier 20002002

Buildout anatysis conducted between 1999 and 2001; housing
activity from 2000 through 2002 Buildout represents dhe per-
centage of bulldable lnd that i developed,
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model and the HAZUS model It 1ooked at fult
buildout under its adopted district plans.

SUITABLE METHOD
Choosing a sultablie method for 2 buildout

analysis will invoive 1854es skch as the staff,




Providing a standard, regionwide

set of land-use classes and a consistent

methodology can produce more efficient and

affordable buildout analyses.

analysis, in which possible development
tands are overlaid on a community base map
and the relevant changes in impervious sur-
face, population, housing, and the like are
calculated.

The Massachusetts Community
Preservation Inttiative lays out a procedure for
a simple zoning district buildout anatysis
using & GIS computer program. A more com-
plex parcel-based buildout analysis for
Chartestown is described in Matthew
Amengual's 2001 Brown University land-use
thesis, available at hitp://envstudies.brown.
edu/Thesis/zoo1famengual/index himl,

No matter how the analysis is con-
ducted, there are two stages in the process,
Stage 1 depicts the existing development and
projected development changes on maps.
Stage 2 calculates the guantitative impacis of
the changes and summarizes the critical infor-
matian in tables.

Stage 1. Development map preparation.
The existing development base maps should
depict:

a community boundaries
g existing roads and land use
m existing zoning districts

permanently protected or constrained open
space

@ partially constrained lands {e.g., steep
slopes, floodpiains, wetlands, utility ease-
ments, public swnership)

 recent subdivisions,

= underdeveloped areas {e.g., land that con-
tains significantly less density or intensity
of use than allowed, such as a single-family
house on farmland or on land zoned for
commercial use}

= possible infill areas (e.g., neighborhoods or
commercial districts with the potential for
increased density or intensity through use
of vacant lands or redevelopment of lower-
intensity areas}

@ acomposite map of all future development
area potential at buildout.

Stage 2. Quantitative analysis. Moving
from the potential development areas to
quantities of housing units and of commer-
cial and industrial square feet, or the project
buildout "yield,” requires the calcutation

of a number of factors that affect the net
yield.

For residential units, deductions for
roads, {ot size variations, and other con-
straints can subtract 10 to 30 percent from
potentially buildable acreage. The result is
total net buildable area, expressed as the for-
mula: Raw Land x Adjustments {for reads and
other constraints) = Total Net Buildable Area.
The net buildable area is then divided by the
minrimum (ot sizes required in the various res-
idential zones to find the total number of new
housing units.

For commercial and industrial areas, the
analysis is based on determining an “effec-
tive FAR” [Floor Area Ratio) that fakes account
of zoning requirements and limitations.
Typical limiting factors include the FAR or the
percent lat coverage and height limits speci-
fied in the zoning ordinance, along with park-
ing and open space requirements, To avoid
overestimating the potential square footage,
the effective FAR should be based on the
most Bmiting of the requirements. This calcu-
lation reguires professional judgment and
knowledge of the community to select realis-
tic mixes of alfernative future land uses
within each zoning district.

Massachusetts.

ground.
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Finally, muftipliers, based on existing
demographic and public facility data, can be
used 1o derive impacts of huildout develop-
ment for each new residential unit or each
increment of commercial or industrial sgquare
footage. These muitipliers can include
increases in projected future population, future
additionai school students, future demand for
water supply or sewage treatment, as well as
potential tax revenue and service costs.

DATA AVAILABILITY

An important consideration in planning a bulld:
out analysis is the availability of data. In the
ideal case, the community will have digétal ver-
sions of its zoning, existing and future land use,
raads and transit, wetlands and floodplains,
open space, erthophotographs, and recent
development maps, as weli as naturat hazard
areas, and parcel and tax assessment maps. in
many cases, however, much of this information
will be unavailable or out of date and will have
to be supplemented and updated.

The availability of data can be a major
budget constraint. In order to realize economies
of scale, regional planning agencies ¢an coordi-
nate data needs for a number of communities.
Providing a standard, regionwide set of land-use

All four figures are reproduced in color on the
Zoning Practice web pages. In Figure 1, the
FEMA floodplain {flood insurance required) is
depicted in light blue, The Future Conditions
Floodpiain appears in dark gray. This FLUM
map is available on the county web site,
http://maps.co.mecklenbirg.nc.uc,

In Figure 2, the losses from building
content are {n blue and from structure dam-
age in greern.

Figure 3 depicts the pattern of future
developable land in blue gray, the land with
ahsolute development constraints in yellow,
and the land with partial development con-
siraints in Hght red.

classes and a consistent methodology, as in
the Massachusetts case, can produce mare effi-
cient and affordable buildout analyses.

CONCLUSION: THE PAST, PRESENT, AND
FUTURE OF BUILDOUT ANALYSIS

Butldout analysis is the most recent incama-
tion of such venerable planning tools as car-
rying capacity analysis and cumulative impact

o

analysis. It takes the principles of these earlier
efforts at integrative, forward thinking info the
present era of geographic information systems
and computer-based analyses. Al the same
time, buildout analysis makes these eariier
methodologies more widely accessible by
deriving operational methods for injecting the
resulting scenarios of development impacts
into participatory planning and visioning.
Such a useful tool is hound to expand
the effectivess of planning programs, sce-
nario canstruction, and citizen involvement
in goal setting. It is not difficuit to imagine
buildout analyses becoming standard,
required elements of all growth manage-
ment, natural hazard mitigation, and future

tand-use plan making.
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