
 

For several years, the Office of
State Planning (OSP) has been developing a
computer program intended to facilitate
development of the broad-scale, policy-dri-
ven master plans typically drafted by State,
regional and county planning agencies.
Among its key applications are the State
Development and Redevelopment Plan, the
county master plans that are central to the
State Plan cross-acceptance process, and spe-
cialized regional plans in fields such as trans-
portation, watershed management, recre-
ation or housing. (It also has potential appli-
cations to municipal master planning, as
soon as data at the appropriate scale can be
incorporated into the model.)

The computer program, called the
OSP Growth Simulation Model, is not a sub-
stitute for the skills and value judgments
that go into good planning, nor is it a “black
box” that spews plans. Instead, it is a tool to
help planners develop regional and county
master plans quickly and inexpensively.

During the upcoming round of
cross-acceptance, we intend to make this
model available to county planning offices so
that they can work with municipalities to
develop and test alternative countywide
growth scenarios without incurring the high
costs normally associated with such an
undertaking. Using this planning tool, coun-
ties in conjunction with municipalities can
identify a preferred set of growth policies to
serve as the basis for cross-acceptance dis-
cussions with the State Planning
Commission.

 

Typical Steps in Master Planning
To understand the computer

model, it is useful to review the five steps
usually involved in developing master plans.

1 . Statement of Goals and

Objectives — This step identifies the gener-
al principles guiding the plan’s development.

2. Data Collection and Inventory
— This step traditionally includes mapping
natural and built features, which are impor-
tant elements in decisions on where growth
should be directed and on the intensity of
growth that can be accommodated.
Examples of data mapped include wetlands,
prime agricultural land, sewer service areas
and roadways.

3. Growth Suitability Mapping —
Sometimes called “opportunities and con-
straints” mapping, this is the first synthesis
of the goals and objectives step and the
data collection and inventory step.  It identi-
fies the types and locations of natural
resources that should be protected, loca-
tions where development could occur and
intensities of development that may be
desirable in these locations.

4. Alternative Growth Strategies
— Rarely does a growth suitability analysis
precisely prescribe growth for a given fore-
cast year. A more common circumstance is
that the forecast-year growth requires sub-
stantially less land than can be accommodat-
ed within the suitable development areas.

Therefore, this planning step con-
sists of two related activities: identification
of alternative growth patterns for the fore-
cast year and an analysis of the impacts of
these alternatives. This step also begins the
development of strategies, such as zoning
changes, to encourage the desired growth
pattern and perhaps to mitigate the impacts
of growth at less desirable locations or den-
sities.

5. Preferred Plan — The four
preceding steps culminate in a master plan
to guide development. The identification of
this preferred plan is not a cut-and-dried

technical process, but rather a give-and-take
political process intended to produce a plan
that appeals to all constituencies. Like all
good agreements, the plan evolves out of
compromises that can be negotiated only
by members of the jurisdiction(s) the plan is
to serve.

In the following sections of this
report, this five-step planning approach will
be used to compare traditional planning
methods with methods using the OSP
Growth Simulation Model. 

Problems with Traditional Planning

 

High Cost of Mapping Data Constrains the
Planning Process

The preceding steps are rarely fully imple-
mented because of the high costs of carry-
ing out all of them using the traditional
planning tools of base maps, acetate over-
lays and reams of data. 

Incomplete Data Collection
Planners make extensive use of
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maps because the process of mapping
converts raw data into visual information
that can be more easily understood and
compared to other mapped information.
But frequently, useful data has not been
mapped.

For example, sewer service
areas are rarely mapped, since the sewer
agency is more likely to be interested in
uti l i ty a l ignment r ights-of-way and
detailed engineering features germane to
construction and operation of the sewer
system. Mapping municipal sewer service
usually involves the transcription of
detailed information from several data sets
onto a single municipal-scale map base.

Also, mapped data may have
various levels of accuracy at different
scales. For example, road maps may be
obtained from the New Jersey
Department of Transportation (DOT) or
easily constructed from aerial photos.
However, the DOT maps may be at a
scale different from the natural feature
maps issued by the State Department of
Environmental Protection (DEP). Because
the map scales are not identical, it is diffi-
cult to compare these data sets accurately.

While it is a truism that there is
never “enough” data for any planning
study, it is also important to recognize
that the inability to acquire a consistent
set of data can mean that some significant
data may never be considered while other
data, readily available in mapped form,
may dominate the discussion.  Because of
the need to discover data, the need to
transcribe data to maps and the need to
insure that maps are of a consistent scale,
the data collection and mapping phase of
a master-planning project can easily
account for over a third of the project
budget. Many jurisdictions simply cannot
afford the cost of extensive data collec-
tion, let alone the cost of preparing new
maps.

Complications in Developing the Suitability
Analysis

Another impediment to com-
prehensive master planning can be the
lack of time and expertise needed to
develop the suitability analysis. In this
process, data sets are merged to identify
areas where growth might be encouraged
or discouraged. Ultimately, all suitability
maps incorporate a complex mix of
mapped information and value judgments
— except for those few areas where the
land use is established by law, such as
freshwater wetlands.

For example, one jurisdiction
might chose to discourage growth on hill-

sides with slopes of 15 percent or greater.
This value judgment might result in hill-
sides classified as “land less suited for
development” and level farmlands classi-
fied as “land more suitable for develop-
ment.” On the other hand, another juris-
diction might encourage development
along escarpments and discourage farm-
land development  to preserve an area’s
pastoral character.

The shifting of aesthetic and cul-
tural values during a rigorous master-
planning process can produce an almost
infinite set of suitability maps. However,
few planning agencies have substantial
experience in developing such maps or
sufficient budgets to assign staff to the
process. Even fewer can afford complete,
but expensive, consultant services .
Typically, planning efforts are focused on
a single suitability map, which is expected
to incorporate most of the community’s
values.

Limited Number of Plan Alternatives Considered
Another complication in the

planning process is the fact that the pat-
tern of growth within these suitable areas
could take on many forms and densities.
One plan might encourage the segrega-
tion of land uses, while another plan
might  encourage only mixed-use develop-
ment. Growth, regardless of type, could
be channeled into compact forms or it
might be allowed to sprawl. Even a single
suitability map could be used as the base
for developing several programmatic alter-
natives. 

However, the tendency during
the master planning process is to con-
strain the process of reviewing plan alter-
natives to the few enabled under the avail-
able budget. To facilitate the development
of this preliminary plan, one of two
techniques are widely applied.

The first uses general zoning
categories to identify the existing land
uses and to fill in the areas available for
development. For example, the residen-
tial categories that a county might use
might include: low-density residential,
medium-density residential, high-density
residential or mixed-use residential.

The second method maps gen-
eral categories to which development
pol ic ies are ass igned. The State
Development and Redevelopment Plan’s
Resource Planning and Management
Maps (RPMM) provide an example of
such categories. 

Use of these techniques results
in the timely production of a preliminary
plan, which then is the focus of discus-

sion and modification. This process is
designed to rapidly move to closure on a
plan, rather than to explore alternative
ways in which the values embedded in the
suitability analysis and the growth policies
intended for the plan might interact and
express themselves as plan alternatives. 

Traditional Methods Result in Planning as a
Linear Process

A result of these constraints is
that planning becomes a linear process
based on limited data and limited consid-
eration of how effectively local values
might be realized in the plan. (Exhibit 1
excludes the citizen input and review
process for sake of clarity.) 

Limited Scope of Traditionally-Developed Plans
Because of the high cost of

planning within even a single jurisdiction,
it usually is the case that planning studies
begin and end at the county, if not the
municipal, border. Attempts to coordi-
nate planning with neighboring jurisdic-
tions are usually not timely or significant. 

Another problem is that the tra-
ditional plan is designed to regulate the
location of land uses and define their
type. For example, the plan might identify
several areas where residential develop-
ment of various densities is to be located.
However, the plan does not prescribe the
timing or sequencing of residential
growth in these areas. Therefore, tradi-
tional planning methods are not well suit-
ed for growth-management purposes.

Finally, very few master plans,
let alone master plan alternatives, are
reviewed to determine the cost outcomes
of the plan, whether these outcomes are
described in terms of natural resources
consumed, dollar costs for infrastructure
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Exhibit 1
Typical Master Planning - A Linear Process
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or municipal operation, or effectiveness at
achieving the policy goals and objectives
of the plan itself. The resulting master
plan might be defended as a single
embodiment of many of the jurisdiction’s
values, but it is not known if this develop-
ment alternative achieves optimal benefits
or even if it performs better than trend,
or market-driven growth.

In fact, impact assessment has
been such a costly activity to perform
that even such a major planning endeavor
as the State Plan could only afford to
compare a trend growth scenario with a
preferred plan scenario. In most cases,
impact assessment is not performed.

How the OSP Model Can Help 
The OSP Growth Simulation

Model is designed to automate much of
the work performed to prepare a policy-
driven growth management plan, such as
one suitable for cross-acceptance. The
model abandons the labor-intensive and
costly traditional map-based planning
approach in favor of a computerized
process of projecting policy-driven
municipal forecasts. Using the OSP
Model, a county plan alternative can be
defined, run and evaluation results pro-
duced in about 30 minutes. 

The OSP model consists of two
computer systems that share information.
The first system is a specialized computer-
ized mapping system, called a Geographic
Information System (GIS), which stores
information about natural and built fea-
tures on a geographic reference base and
can merge data to produce new hybrid
data sets. The second computer system
uses Microsoft Excel and Visual Basic
programming to allocate growth and to
evaluate the impacts of any growth sce-
nario.

While the traditional plan pro-
duces a map of intended land uses, the
OSP model produces an estimate of likely
growth forecasts. During early testing of
this model, OSP discovered that many
planners have difficulty judging growth
forecasts at a county scale, but have defi-
nite opinions when that growth is pre-
sented as municipal forecasts. By using
these growth forecasts and the other
impact values produced by the model, it
is hoped that planners can focus their lim-
ited resources on generating and evaluat-
ing alternative plans to insure that their
preferred plan is more likely to achieve
their growth policy intentions.

The following section illustrates
how the OSP Growth Allocation Model
works.  The example given is of a county

participating in cross-acceptance of the
State Plan, but the process and procedures
are transferable, of course, to other types
of regional planning. 

Of immediate benefit is that fact
that the OSP GIS contains several natural-
feature data sets produced by DEP, and sev-
eral built features produced by DEP, DOT
and OSP. Exhibit 2 identifies the types of
data contained in this computer system.

Data Collection
These data sets can be used as

the information base for a regional or
county plan, or the data sets can be
revised or expanded by the user.  For
example, the OSP GIS contains 1986 exist-
ing land use information, which the user
may wish to revise by including more
recent growth.  The user can revise or
add data using GIS, if it has cartography
capability. The user can also revise the
OSP data by providing OSP with spread-

sheets or printed tables that contain the
new or revised data for each municipality.

The ability to easily revise or
modify data has proven to be important.
During an early test of the OSP model,
farmland in permanent agricultural ease-
ment was found to have been erroneously
categorized as “land available for develop-
ment.”  The correction was made by
inputting into the model tabular records
of easements by municipality, obtained
from the State Department of Agriculture. 

Using the Spatial Allocation Simulation to
Combine Suitability Analysis and Alternative
Plan Development 

By merging various data sets,
the OSP GIS can develop a type of suit-
ability analysis. As currently programmed,
the GIS system subtracts from the total
land in each municipality land already
developed (as of 1986), wetlands, regional
parks and some other land-use categories

Exhibit 2
Data Sets Included in the OSP GIS 

OSP-Generated Maps
Planning Area Boundaries
Center Locations
Critical Environmental and Historic Sites
Community Development boundaries
High Quality Water Drainage Basins
Potable Water Drainage Basins
Sewer Collection Areas (1988)
Sewer Collection Areas (in progress)
Commuter Rail Stations

DEP-Generated Maps
Integrated Terrain Unit Mapping (land use, soils/geology,

streams, bodies of water, wetlands)
Freshwater Wetlands
Municipal Boundaries
State Coastline
Northern Boundary of State
RSNC (resident species and natural communities)
State and Federal Open Space

DOT-Generated Maps
Roads from USGS Topos
Streams from USGS Topos

USGS-Generated Maps
New Jersey Drainage Basins

U.S. Department of Commerce, Census Bureau
Tiger Files (include roads, streams, rail lines, census blocks, etc.)

Rutgers/COAH-Generated Map
Developed Land for 21 Counties

Pinelands Commission-Generated Map
Pinelands Boundary

North Jersey Transportation Coordinating Council-Generated Maps
New Jersey Commuter Rail Lines
New Jersey Freight Routes
New Jersey Bus Routes



— such as beaches, quarries, barren rocks,
the surfaces of streams and ponds —  to
identify land available for future develop-
ment.  This inventory of available land is
then merged with the State Plan’s RPMM,

which categorizes land by development
intensity and natural resources, to identify
land available for development in each of
the planning areas.  The result (Exhibit 3) is
the first part of a suitability analysis. 

The second part of this suitability
analysis and the development of policy- dri-
ven plan alternatives is performed by the
Spatial Allocation Simulation, one of two
major programs performed using Excel and
Visual Basic. The model uses input screens,
such as Exhibit 4, to allow planners to
define growth allocation policies.

By combining the “land available
for development” information from the
GIS with the growth allocation policies,
the suitability analysis part of the Spatial
Allocation Simulation is completed. The
model now “knows,” for example, that
although thousands of acres of hillsides in
environmentally sensitive Planning Area
(PA) 5 are available for development, this
land is not suitable for development from
a policy perspective. 

The Spatial Allocation Simulation
now begins to construct a plan alternative
by trying to re-allocate a specified amount
of growth using growth management poli-
cies. To perform this allocation calcula-
tion, the Spatial Allocation Simulation
requires that the development form and
programmatic characteristics of each plan
alternative be defined.

The program asks what density,
capacity and land-use mix should be test-
ed for each type of center in each plan-
ning area. Centers also must be identified
by municipal location and center type as
part of the scenario definition process.

This definition process allows
planners to incorporate different values
into the scenario. For example, a county
wanting to preserve its scenic slopes
might direct that 98 percent of all plan
re-assigned growth be directed to farm-
land located in  PA4, the rural planning
area, and that 80 percent of this alloca-
tion to PA4 be assigned to Town Centers,
with the remainder assigned to villages
and hamlets. Conversely, a county wishing
to preserve its scenic farming valleys
might direct 50 percent of its growth
into villages in PA5 and another 30 per-
cent of its growth into towns in PA4; and
it may redefine some of its PA4 land as
PA3, fringe area, so that it can accommo-
date less-dense suburban development. 

The growth allocation policy
definition process is made easier by allow-
ing the user to answer specific program-
matic questions using input screens, such
as the one shown in Exhibit 5. On this
screen, the planner must accept or change
various programmatic attributes for cen-
ters.

For example, the current
assumed value for the job-to-dwelling-unit
ratio (jduUC) for Urban Centers in PA1 is

ITU LAND: NOT AVAILABLE
FOR DEVELOPMENT

Residential

Commercial
& Services

Military

Industrial

Transport &
Communications

Mix Indust. &
Commercial

Mixed Urban &
Other Urban

ITU LAND: AVAILABLE
FOR DEVELOPMENT

Recreational
Land

Wetlands
Beaches etc.

Agriculture

Forest

OTHER LAND: NOT AVAILABLE
FOR DEVELOPMENT

Freshwater
Wetlands

National Parks
& Recreation

State Parks
& Recreation

Remaining
Available
Land

Available Land
ITU

Remaining
Available
Land

Municipal
Boundaries

Planning Area
Boundaries

Available Land
by Municipality
By Planning 
Area (Acres)

Bare Exposed
Rock

Transitional
 Areas

Exhibit 3
Obtaining Land Availability Information Using GIS
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Exhibit 4
Growth Policy Input Screen



five (this means that there should be five
jobs for each dwelling unit in the center).
The input screen also defines residential
densit ies (duacreUC) and maximum
growth values for different center types
(capER is the maximum number of
dwelling units allowed in regional centers).

Once all of the assignment poli-
cies are input, the program uses them to
reallocate a trend forecast of growth in
the county to produce the Plan-driven
growth forecast. Therefore, it is very
important that the model be able to gen-
erate a reasonable trend growth forecast.
To insure that the trend forecast properly
reflects the growth conditions of the
county it is simulating, a model calibration
is completed with the cooperation of the
county planners. 

To begin this process, the pro-
gram first downloads the ‘land available
for development’ information prepared by
the OSP GIS, including any additions or
modifications thought necessary by the

county planners. Next the program
requires that county planners input a
horizon year forecast they deem correct.
This forecast can be one of their own
projections, or they can select to use cur-
rently published Statewide forecasts of
population and employment growth
already included in the program.

Then the program predicts an
initial trend growth forecast using its sta-
tistical and mathematical routines. This
growth forecast consists of a projection
of population and employment by munici-
pality, the sum of which is equal to the
county growth forecast. 

The growth forecast is then
reviewed by the county planners and cali-
brated, or corrected, to insure that it is
reasonable. To make this correction, the
historic growth rates for each municipali-
ty are modified to produce a growth
forecast that the county planners find
consistent with existing and future mar-
ket-driven forces.

This careful development of a
trend forecast is needed since a major
assumption is that the effect of all plan
scenarios is to modify trend growth allo-
cations. Preparation of the trend forecast
also provides a baseline growth condition,
against which all plan scenarios can be
compared. (The trend calibration only has
to be completed once, and this is done
before testing plan alternatives.)

Once the calibration is complet-
ed and all the policy information is sup-
plied, the computer chugs out the growth
allocation by re-calculating the municipal
population and employment forecasts. In
performing this calculation, the model
develops a policy-driven growth alterna-
tive by assigning plan re-assigned growth
to available land in accordance with pro-
grammatic and policy rules defining the
plan scenario. Exhibit 6 illustrates this
process.

The result of the Spat ia l
Allocation Simulation is a scenario-specific
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Exhibit 5
Input Screen to Modify Centers Programmatic Attributes



set of municipal population and employ-
ment forecasts, for the scenario’s horizon
year.

Impact Modeling - An Integral Part of the
Planning Process

The OSP Growth Simulation
Model was designed to include programs
that evaluate the impacts of each plan (or
trend) scenario in a consistent fashion
that allows impacts from one alternative
to be compared to the impacts of any
other growth alternative. In fact, this
process of scenario testing is incorporat-
ed into the structure of both the Spatial
Allocation Simulation and into the impact
subroutines. 

During the Spatial Allocation
Subroutine, policy growth assignments
can be achieved only if both sufficient
land and sufficient programmatic capacity
exists. In effect, the program performs a
reality-testing activity to insure that plan
policies and plan capacity are consistent.

For example, the county that
wanted to assign 80 percent of its plan-
reassigned growth to towns in the farm-
ing area of the county may discover that
the computer-assigned growth allocation
to these PA4 municipalities might be

much smaller than expected. This out-
come could happen either if  too few cen-
ters are identified for testing or if there
was insufficient land available in the cen-
ters selected for testing with this growth
scenario. This result could also happen if
the county chose to allow substantial infill
growth in  the suburban PA2, thereby
making much of the trend-allocated
growth, in conformance with plan policies
being tested in this scenario. 

Finally, in the more explicit
Fiscal Impact programs, the computer
estimates the costs for public schools,
municipal roads, sewers, municipal current
expenditures and the total land consumed,
by planning area, for each growth sce-
nario. These costs are produced by pro-
grams that contain substantial information
about local infrastructure systems and uti-
lize algorithms developed by OSP and
others, such as the Federal Environmental
Protection Agency. 

The Fiscal Impact program pro-
duces each type of cost for each munici-
pality in the county. These costs are not
intended to be used for immediate bud-
geting purposes, but provide a consistent
basis for comparing one growth alterna-
tive to another. 

Planning as an Iterative Process
The OSP Growth Simulation

Model allows county planners to partici-
pate in an iterative, non-linear planning
process, as illustrated in the following dia-
gram. Although planning deals with com-
plex issues, we hope that using this model
will help to make planning less intuitive
and more objective.

Although reviewing the results
produced by any growth scenario to iden-
tify plan revisions for further testing can
be a time-consuming process, the Growth
Simulation model runs quickly. A plan
simulation, including fiscal impacts, can be
produced in about 30 minutes, and the
results faxed or sent by Internet E-mail.

The creative-thinking part of the
planning process — in which impacts are
weighed and new plan alternatives are
identified for further testing — is not
performed by the OSP Growth Simulation
Model. This part of the planning process
should be performed by the county plan-
ning agency, with the assistance of the
OSP Staff.

Ult imately, use of the OSP
Growth Simulation Model should encour-
age counties and other agencies to devel-
op and test alternative regional plans. Use
of the model allows planners to focus on
growth policies and frees them from
much of the drudgery and high costs
associated with any regional planning
process. 

Use of the Model as Part of Cross-accep-
tance

Use of the OSP Growth
Simulation Model encourages county
planners to directly participate in revi-
sions to the State Plan.  The Model allows
the county to define its preferred plan
using a combination of explicit growth
polices and the locational device of the
RPMM, in effect to define their plan
using the language of the State
Development and Redevelopment Plan.

However, it is not the intention
of the Office of State Planning to require
counties to accept the State Plan, as it
exists or in some slightly modified form.
Instead, it is hoped that the development
of a preferred county plan will highlight
growth policies in the existing State Plan
that need to be re-examined.

Use of the model should inform
this policy discussion in two main ways.
First, modeling allows the counties to test
the consequences of various growth
strategies, so that they can explicitly learn
of the trade-offs involved in any given
plan or plan policy. Second, use of the
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model will enable the county to more eas-
ily and explicitly identify State Plan poli-
cies it may need to modify. This will help
county planning staffs to propose policy
revisions directly to the State Planning
Commission.

Other Benefits of the OSP Model
Although the primary applica-

tion of the Growth Simulation Model at
present is to facilitate the development of
alternative growth scenarios during cross-
acceptance, there are other advantages to
be gained by producing policy-driven
municipal forecasts. 

Establishing a Baseline Consensus Growth
Forecast

First, the process of determining
a growth forecast by county for the year
2020 produces a consensus forecast of
State growth for that horizon year. The
consensus forecast could be the basis for
similar forecasts, updated on a regular
basis, for use as the growth baseline for
estimating all State and county infrastruc-
ture and other types of need. This would
save the State, State agencies and related
agencies, such as NJ Transit and the vari-
ous Metropolitan Planning Organizations,
tens of thousands of dollars each year. 

Linking Growth Planning with Regional
Infrastructure Planning

DOT and DEP can use the
municipal forecasts produced by the
Growth Simulation Model to prepare and
evaluate infrastructure plans. The municipal
growth forecasts generated by the OSP
model can be fed into DOT and DEP mod-
els to produce forecasts of travel demand,
water demand, and air quality.

While some of these models are
too expensive to run frequently, some are
in-house simulations that could provide
additional insight into the costs associated
with any plan simulation. The linkage of
county growth objectives to state-funded
infrastructure planning should enhance the
implementation of the revised State Plan.

The municipal growth forecasts
could also be used to forecast housing
requirements. This information would aid
the state Council on Affordable Housing
in determining affordable housing obliga-
tions. 

Promotes the Development of Regional Growth
Objectives

Finally, OSP can run the Growth
Simulation Model using regional, as
opposed to county, growth controls, by
simulating the plans of several adjacent

counties to produce new municipal growth
and impact forecasts. These forecasts can
be used to evaluate plan impacts that tran-
scend county boundaries, such as travel
demand, school impacts and the effects of
regional growth on taxes in part of the
region. 

Status of the Model
The most recent versions of the

program are now undergoing beta, or
experimental, testing with the cooperation
of planners from three counties. To date,
trend calibrations have been completed
and two of the counties are preparing to
begin testing the ability of the program to
forecast plan alternatives. 

The OSP growth simulation
model is continuously being developed
and refined. OSP seeks to improve the
model by incorporating recent research by
its staffers and consultants.

A statistical analysis relating local
road supply to residential density is to be
used to update the costs of municipal
roads in the Fiscal Impact model. Recent
research into municipal expenditure fore-

casting is also to be incorporated into the
model. Another major improvement being
planned is the addition of new sewer ser-
vice areas data, being prepared in coopera-
tion with DEP, to help assign growth.  Beta
testing with the counties also is expected
to identify needed improvements to the
model.

As the model is always under
development, it is not available for public
distribution. However, a number of techni-
cal papers documenting the model’s princi-
ples and assumptions are available from
the Office of State Planning. OSP has also
prepared a User’s Guide that explains how
to use the model to develop plan scenarios
for testing. These documents can be
obtained from the OSP Area Planning
Managers.

This OSPlanning Memo was writ-
ten by Jim Reilly, ISoCaRP. For more
detailed information about the model,
contact Jim by telephone at 609-292-3589
or by Internet E-Mail at
Reilly_J@tre.state.nj.us.
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Exhibit 7
Planning as an Iterative Process

by Using the OSP Growth Simulation Model
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Using the osp growth simulation model


