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ABSTRACT

A LAND USE PROJECTION MODEL
APPLIED TO EMMET COUNTY, MICHIGAN

By

Richard Dale Gustafson

This study was part of a cooperative regional project
concerned with developing guidelines for management of
forest and recreation resources in the north central
states. Anticipating problems due to increasing demands
on scarce and often fragile resources, one component of
this project was aimed at developing land use models for
predicting and planning to alleviate such problems.

This study was to build upon a base of previously
proposed models to develop and apply a land use projection
model to a small region with considerable spatial resolu-
tion. Problems with a proposed mixed integer land use
model are considered, and alternative formulations of land
use linear programming models are presented. A model that
incorporates a small, spatially aggregated input-output
linear program to derive levels of output by sector and
acreage requirements and rents by use and then allocates
specific parcels to uses apart from the linear program is
described and applied to Emmet County.

Development of an input-output model for Emmet
County, using both primary survey and secondary data

reduction techniques, is described. Steps in acquiring



and compiling other data required for this model, much of
which is geospecific (e.g. soil type, slope, travel times,
current use), are also described.

Results of three demonstration runs of the model
reflecting different rates of regional economic growth are
presented in the form of maps of changing land use.
Problems with this model and this application and with
land use modeling in general that limit current usefulness

are discussed along with implications for future research.
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INTRODUCTION

The Problem

The regional research project "Guidelines For More
Effective Regional Development of Forest and Recreation
Resources in the North Central United States" was formed
to investigate major forces affecting the use of forest
and recreation resources and to evaluate alternative means
for influencing these forces and managing these resources
to satisfy demands, while maintaining the attractiveness
and productivity of the resources (Countryman, et al.,
1982).

The motivation for such an investigation was the
recognition of and concern over problems arising from
increasing demands by competing uses for various scarce
resources. Problems such as environmental degradation due
to intensive use of unsuitable lands, close proximity of
incompatible uses to the detriment of one or both users,
and declining regional economies due to degradation or
depletion of some resource were identified and were of
primary concern in this regional project.

Several conditions existing in the North Central

Region, which contribute to these types of problems, were



identified. These include a high concentration of popula-
tion (approximately 30 percent of the national total) re-
lative to available recreactional land (12 percent of the
naticnal acreage primarily useful for outdoor recreation).
This relative imbalance coupled with increasing population
and increasing rates of participation in outdoor recrea-
tion add up to greatly intensifying demands on available
forest and recreation resources.

Fuel shortages and anticipation of fuel shortages may
also tend to increase the demands on forest lands within
the region. It has been suggested that increasing cost and
decreasing or uncertain availability of fuel will encourage
shorter trips rather than eliminate recreational trips
altogether. For the North Central Region this may mean
more intensive use of recreational resources, as residents
tend to travel more within the region, instead of driving
to recreation sites in other parts of the country.

Aggravating the problems posed by the current imbal-
ance and intensifying demands is the continuing pressure to
convert forest land to nonforest uses. Residential sprawl,
recreational residential development, mineral extraction,
and conversion to crop or pasture land all continue to
erode the forest land base. This land becomes unavailable
not only for public outdoor recreation but for other forest
uses as well, thereby intensifying the competition among
forest users for the remaining forest resource.

Compounding the problem is the fact that those areas



within the region that may be most susceptible to dramatic,
negative effects of use conflicts and conversion are often
the areas which are least prepared to recognize the poten-
tial for such effects or to control or influence further

development to reduce undesirable impacts (Ragatz, 1970).

study Objectives

Given the context and concerns of this regional
project, the usefulness of, in fact the necessity for, some
capability for predicting future land use patterns in
space and time and for predicting the consequences of
alternative policies intended to influence those land use
patterns is readily apparent. 1Indeed, a major component of
the overall project was devoted to developing or at least
progressing toward just such a capability.

A computerized land use projection simulation model
was envisioned as the vehicle for providing this capabil-
ity. If such a model could be perfected, it would be very
useful for decision making, policy analysis and planning to
alleviate the kinds of problems of major concern in this
regional project. Specific parcels within a region that
might be subject to pressure for development for which they
are not suited could be identified. Specific resources
that may limit future economic growth of certain industrial
sectors within the region could be identified with impli-
cations for the industries in which local officials might

encourage oOr expect expansion. What seem to be efficient



or at least reasonable land allocation decisions at the
current time, might be seen to be serious restrictions to
desired future development through such a projection model.
The effects over time and space of public facilities
development or public land ownership decisions in stimulat-
ing or limiting future private development could be examin-
ed, leading to better public decisions. These are a few of
the potential uses for a "perfected" land use model and
illustrate the underlying motivation for the model develop-
ment goals of this study and of this component of the
regional project. The extent to which the state-of-the-art
in land use modeling, both at the outset and at the comple-
tion of this study, falls short of such a "perfected" model
is acknowledged and is considered in some detail in sub-
sequent chapters of this thesis.

A previous dissertation (Miley, 1977) completed under
the land use modeling component of the regional project
provided the underlying concept for the land use model
that was pursued in this study. A linear programming
formulation of an input-output model with land use and
resource constraints was used to reflect the interactions
among different sectors in a regional economy and the
dependence of those sectors on the land and resource base.
It was suggested that shadow prices from the solution of
such a model could be used in evaluating the likelihood of
conversion from one use to another on specific parcels of

land in the region.



The primary purpose of this study was to build upon
these basic concepts to formulate and program a land use
projection simulation model. It was intended from the
outset that this study include a reasonably serious attempt
at applying the model to a region with a much finer spatial
resolution than was employed in Miley's work. It was felt
that only through such an attempt could the problems,
costs, and benefits of employing such a model be realis-

tically assessed.

The Study Region

Several factors led to the selection of Emmet County,
Michigan as the study area to which to apply the model.
Emmet County, occupying the northwest tip of the lower
peninsula of Michigan, see Figure 1, was part of a larger
study area, 18 counties of northern lower Michigan, pre-
viously identified for the overall regional project. As
such, Emmet County had been designated for study by other
components of the project, e.g. the legal component of the
regional project had profiled laws and institutions pert-
inent to the land use and development question, providing
potential contributions to this study. Emmet County was
also somewhat unique among the counties of the larger study
area because of its relatively rapid growth in recent
yvyears. The population of Emmet County increased by 45
percent between 1960 and 1980 (U.S. Dept. of Commerce,

1982). Growth rate was considered important so that the
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model would have some reasonable change in land use to
project and also so that use conflicts or scarcity of
land suitable for certain uses, which the model was sup-
posed to identify, would have some likelihood of occurring
in the near future. Emmet County was also of interest
because questions about public land ownership had been
raised locally, and an intended refinement for this model
was the capability to explicitly recognize different
ownership classes and their effects on future land use
patterns. Finally, Emmet County seemed an appropriate
study area because of its endowment of varied natural
resources, some persistent economic disparities, and the
potential for those resources to contribute to alleviating
those disparities.

Through most of this century Emmet County, like much
of the Upper Great Lakes region, has experienced a declin-
ing economy characterized by relatively high unemployment,
low per capita income, and decreasing population. This
decline followed the depletion of the region's timber
resource in the late 1800's and early 1900's and the
consequent contraction of the wood products industry.
During the last two decades these trends have been reversed
for Emmet County but, although the county economy has
recently experienced rapid growth, there remains a gap
between the general level of prosperity of this county and

that of the Michigan and the United States in general.



A simple location quotient analysis of employment data
suggests that construction, wood products, cement manufac-
turing, electrical equipment manufacturing, transportation
equipment manufacturing, lodging and amusement services,
and medical and health services are significant exporting
industries for the county.

After the depletion of the original forest, the asso-
ciated decline of the wood products industry, and the
subsequent failure of agriculture on much of the cut-over
land early in this century, a new hardwood forest was
established over much of the region. According to the
Michigan Department of Natural Resources there are over
180,000 acres of commercial forest land in Emmet County,
mostly in hardwood types. Much of this forest is now or
soon will be suitable for sawtimber and pulpwood produc-
tion, but it is estimated that presently only 20 percent of
the sustainable annual harvest is being utilized (Pfeifer
and Spencer).

While this renewal of the forest in Emmet County
suggests a potential for expansion of the wood products
industry, perhaps of even greater importance to the county
economy is the possibility for the continued growth of the
recreation related industries Dbecause of this forest
resource and other physical assets of the county. Recent
studies have indicated high potentials for several cate-
gories of recreational use and/or development including

second homes, campgrounds, picnic areas, hunting, natural



and scenic areas, and winter sports areas. Much of this
potential is due to the forest land base, over 68,000 acres
of which is publicly owned. There is another 8,500 acres
of publicly owned recreation land in the county, most of
which is forested.

Other features of Emmet County important to this
potential for recreational development include the topo-
graphy, the abundance of surface water and shoreline, and
the accessibility of the county to the large population of
southern Michigan. The relatively significant variation in
elevation over much of the county provides scenic values
uncharacterisitic to much of the state as well as valuable
downhill skiing sites. Two ski areas have already been
developed in the central part of the county. Emmet County
has over 60 miles of Lake Michigan shoreline (see Figure 2)
and over 10,500 acres of inland surface water. Availabil-
ity of quality surface water is considered a prime attrac-
tion for second home developments as it is for other types
of outdoor recreation. Three majcr highways provide
year-around access to Emmet County from southern Michigan.
U.S. 31 runs from the southwest corner south of Little
Traverse Bay then north along the eastern edge of the
county. Michigan 131 enters the county at the south then
runs north and northwest along the western shoreline of the
county. Interstate 75 parallels the eastern border of the
county just a few miles to the east in Cheboygan County.

This combination of year-around attractions and
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year-around accessibility to the market and the potential
for expanding recreational development coupled with the
likelihood of continued increasing demand for all of these
types of recreation suggest an opportunity for the solution
of some the past problems of the county economy.

Petoskey is the largest city in the county with a
population of over 6,000 (U.S. Dept. of Commerce,1982) and
is the major commercial center for the county. Both
Petoskey and Harbor Springs are located in the southern
portion of the county on Little Traverse Bay (see Figure 2)
and are important resort communities. It has been esti-
mated that with the influx of tourists and seasonal home
occupants the population of the Petoskey area triples
during the summer months. Mackinaw City at the north end
of the county, and at the very northern tip of the lower
peninsula of Michigan, is the southern terminus for the
Mackinaw Bridge that joins upper and lower Michigan. Other
towns and prominent features that will be referred to
throughout the following discussion are also identified on

the map of Figure 1.



CHAPTER I. RELATED LITERATURE

This chapter is not intended to be an exhaustive
review of the literature related to land use modeling but
attempts to describe briefly the breadth of that literature
and to distinguish and describe in more detail those
elements that are particularly relevant to the Emmet County
study.

A general class of models, referred to here as land
use models, is distinguished from other kinds of planning
models simply by the primary purpose of projecting land use
over space and time. Implicitly, the complexity of these
models, due, if nothing else, to the degree of economic,
land use, spatial, and temporal disaggregation, necessi-
tates solution by digital computer.

Beyond this simple delineation of the general class of
models of interest, several attributes that can vary widely
from model to model and are useful for further classifica-
tion can be identified. Such attributes include, but are
not limited to, the theroretical basis for the model, its
empirical basis, the type of region to which it is applied,
land uses that are emphasized, degree of disaggregation of
a number of factors (e.g. space, time, economic sectors,

land use), and mathematical techniques used in modeling.

Urban Land Use Modeling

For this discussion one of the most important attri-
butes mentioned above is the type of region to which the

11
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model applies. Since the late 1950's a great deal of
effort has been devoted to the development of land use
models, but the vast majority of these would be considered
urban models, i.e. focussed on developed uses in and around
major urban areas.

Although these urban models may not be particularly
useful for the purposes of this study, e.g. in developing
a land use model for a rural area such as Emmet County,
there is a great deal to be learned from the overall urban
land use modeling experience of the last two decades.
Fortunately, in recent years there have been a number of
attempts to criticize, evaluate, synthesize, and even
quantify this experience, and these examinations are very
pertinent to this study.

Probably the two most well known of the urban land use
models are EMPIRIC (Hill, 1965) and PLUM (Goldner, et al,
1971). Both of these models have had wide application to
areas beyond those for which they were originally devel-
oped.

EMPIRIC was originally developed in the mid-sixties
for the Boston area. The model allocates exogenous
population and employment forecasts among zones in the
region through a system of equations. There are a number
of residential and employment categories (activities) each
represented by an equation with transportation, utilities
and current activities levels as independent variables

which vary between =zones. These initial allocations are
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adjusted to meet policy constraints on activity levels by
zones and then are translated into area by land use by zone
according to available land and allowable densities (Brand,
et al, 1967). EMPIRIC has subsequently been applied in
Atlanta, Philadelphia, and several other areas (Pack, 1978,
p. 33).

Originally developed for the San Francisco Bay Area in
the sixties, PLUM (Planning and Land Use Model) has also
subsequently been applied to a number of regions. Similar
to but distinct from EMPRIC, PLUM allocates exogenously
forecasted basic employment to residential zones based on
travel times from those zones to exogenously located places
of work. This basic employment by zone is then used to
derive nonbasic employment and corresponding land use.

Both EMIPRIC and PLUM are simulation models rather
than optimization models, so past statements about their
finding efficient or optimal land use patterns have been
appropriately criticized (Pack, p. 31). The Southeast
Wisconsin Region Planning Commission (SEWRPC) Land Use Plan
Design model (Schlager, 1965) was a well known urban region
land use modeling effort that did employ optimization
techniques, i.e. linear programs, and so warrants some
consideration here. This model is described as a compre-
hensive urban plan design model, whose output is a land use
plan that meets development constraints for area by land
use (again totals are derived exogenously) while minimizing

development, operating, and maintenance costs. This model
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development effort was viewed as research by the SEWRPC and
was considered to have achieved very limited success in
real world application. Yet, the general concept is still
considered valid and promising and continues to be re-
searched. For example Hopkins and Los (1979), Los (1978),
and Hopkins (1977) have proposed even more complex and
realistic formulations of the land use plan design problem
and also present algorithms for solving it that avoid some

of the major problems encountered in the SEWRPC effort.

Evaluations of Urban Land use Modeling

Perhaps more important to the purpose of the Emmet
County study than the history, classification, or details
of the various land use models that have been developed is
a growing body of literature that attempts to evaluate the
land use modeling experience. In response to the flurry of
activity in land use modeling in the 1960's, by the early
1970's independent assessments of that activity had begun
to emerge. The apparent similarity among almost all of
these evaluations is that they are much more negative
(realistic?) about the capabilities and state-of-the-art of
land use modeling than were the proposals for and progress
reports on those modeling efforts. There is, however, a
range in degree of negativism and a variety of reasons for
those negative assessments that are worth examining.

One of the most well known and perhaps the most neg-

ative of the available evaluations of land use modeling is
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Douglas B. Lee's "Requiem for Large-Scale Models" (1973).
Lee paints a picture of essentially total failure of the
urban modeling efforts. According to Lee the modeling
movement had virtually died by the end of the 1960's, but
his requiem was necessary as a warning to those who, having
not learned the lesson of the sixties, were trying to raise
it from the dead. Lee's stated purpose was to

"...evaluate in some detail the fundamental

flaws in attempts to construct and use large

models and to examine the planning context in
which the models, like dinosaurs, collapsed
rather than evolved. The conclusions can be
summarized... 1. 1In general, none of the goals
held out for large-scale models have been
achieved, and there is 1little reason to expect
anything different in the future. 2. For each

objective offered as a reason for building a

model, there is either a better way of achieving

the objective (more information at less cost) or

a better objective..."(Lee, p. 163)

Actually, Lee makes a number of valid, pertinent
criticisms of land use modeling and modeling in general,
but his arguments would probably have been more effective
if his tone had been less cynical. For example he dis-
misses positive prospects due to increasing computational
efficiency with "There is no basis for this belief; bigger
computers simply permit bigger mistakes" (Lee, p. 169).
One has the feeling that no matter what may have been
accomplished in any of these efforts they would have been
pronounced rightfully dead simply because in Lee's view big
models are inherently bad.

A second important critique of urban modeling is Garry

Brewer's Politicians, Bureaucrats, and the Consultant - A
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Critique of Urban Problem Solving (1973). Brewer uses the

San Francisco and Pittsburgh Community Renewal Program
modeling experiences as case studies around which he
centers his discussion of the problems of and possibilities
for land use simulations. He considers many of the prob-
lems that Lee mentions, but for Brewer, rather than cause
for despair, it is at least an open question, if not a
necessity, that these problems be overcome so that this
"...promising technique for meeting the challenge of
complexity..." can be effectively employed. In Brewer's
view "Policy-makers must integrate their intuitive hunches
with the practical theories, models, and descriptive in-
sights of specialists in such a way that the setting and
theories about the setting are made understandable to
practitioner and specialist alike. Computer simulation
models have that integrative capacity...." (Brewer, p. 3).

Perhaps the most comprehensive evaluation of urban

land use modeling to date is Urban Models: Diffusion and

Policy Application by Janet Rothenberg Pack (1978). Pack's

stated purpose was to "...investigate (1) the extent of
model use by planning agencies; (2) the ways in which the
models are being used and the influences they have; and
finally (3) why some agencies adopted and used the models
and others did not" (Pack, p. 1l1l). The investigation
included two approaches: extensive mail surveys of plann-
ing agencies and intensive case studies of several of the

regional planning agencies that responded to the mail
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survey. The mail survey allowed wide coverage, while
the subsequent case studies permitted careful consideration
and clarification of specific questions, aiding in the
interpretation of the mail survey results.

In presenting the results of these investigations Pack
also includes a helpful historical overview of land use
modeling, including a discussion of federal legislation
and the associated political and institutional atmosphere
that encouraged interest in and development of 1land use
models.

Although problems with the modeling efforts of the
early 1960's and a reevaluation period in the late 1960's
are acknowledged, Pack does not see the extreme cycle of
death and threatened rebirth that Lee described:

"The picture presented is one of widespread

failure in model development itself, or where

model development succeeded, of very limited
application.... As a result of these failures
model development has been alleged to have ’'died’

in the mid-to-late 1960's... Even as these

assertions were being made in the early 1970's

there was a substantial amount of model develop-

ment in planning agencies, particularly regional

planning agencies." (Pack, p. 1,2)

Also included is a discussion of potential uses of
land use models. A recurring theme in these evaluations of
modeling is the divergence between current capability and
expected or claimed uses and benefits of models. Pack
reviews this ongoing discussion in preparation for pre-

senting the results of the surveys with respect to actual

versus expected uses and usefulness and implications of
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these for model adoption. Pack is realistic about present

and past shortcomings:

"...it is not difficult to show that models have

often been oversold, little understood, and the

difficulties of their development underestimated,

with the result that many persons believe...that

they can be applied to the planning process in

ways which were and still remain well beyond the

state~of-~-the-art. It is not surprising that the

reaction was harsh when unrealistic expectations

were measured against subsequent performance."

(pPack, p. 17)

The results of the mail survey were somewhat surpris-
ing given the bleak picture of failure and disillusionment
presented by some critics. Of the planning agencies that
responded, 25 percent were either currently using or
developing planning models and another 12 percent were at
the time considering the use of such models. Planning
models in this context include several different types of
models, e.g. land use, transportation, population, and many
model using agencies used more than one type of model,
but two-thirds of these using agencies indicated that
land use models were among those in use. Of those agencies
currently using models, 53 percent indicated the models
were "very useful," while only one percent said they were
"not useful." To a related question 51 percent responded
that their models were "more useful than available alter-
natives" while only two percent said they were not as
useful as alternatives. Pack presents responses to a

number of other gquestions and, of course, considers all of

these results in much more detail than is appropriate to



19

include here. Many interesting correlations between
responses to different questions are identified, e.g.
in-house model development with assessed usefulness, and
some tentative explantations of what all these numbers
really mean are offered (Pack, pp. 55-89).

The subsequent case studies of several of the larger
regional planning agencies that responded to the mail
survey largely confirmed, clarified and extended the
results of that survey. Pack concludes "our case studies
of model use are striking for their indication that 1land
use models are being successfully developed and incor-
porated into the anlaytical work of regional planning
agencies...," but by no means considers this entirely
positive since "still there are substantial problems with
the models themselves and with their suitability for the
types of analyses in which they are employed." (Pack,

p. 118)

Rural Regional Land Use Models

A class of rural land use models can be distinguished
from the urban regional models considered above. These
models may still be largely concerned with developed uses,
e.g. residential, commerical, and industrial, but with
emphasis on how these uses interact with less intensive
uses in and around communities within predominantly rural
regions. Characteristically, these models explicitly

recognize inherent capabilities or resources of parcels of
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land and major natural features of the region as indepen-
dent variables impacting land use decisions in addition
to the usual independent variables of the urban models,
i.e. transportation networks and current uses. Some
models that can be included in this category focus exclu-
sively on these natural resources and capabilities and
their associated nonintensive uses. In contrast to the
urban land use models, the rural regional models should be
more directly applicable to the model development goals of
the Emmet County study. Fortunately, as with the urban
models, there is some recent literature that examines some
of these rural regional modeling efforts, from which there
is much to be learned.

The regional project of which this study was a part
and the regional land use modeling work of Miley (1977)
and its relationship to this study were mentioned in the
previous chapter and will be discussed in more detail in
the following chapter and so will not be considered
here.

The Land use Model for Planning (LUMP), formulated
and applied to 1100 square miles of Ontario by Nautiyal
(1975), is of interest because of its use of mathematical
programming. According to the author "Given the capabil-
ity of each section or parcel of land, the concentration
of population, the communication patterns, prices for pro-
ducts, transportation costs, economies of scale, etc.,

the model develops an optimal allocation of land parcels
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to various uses by maximizing net benefit." Nautiyal goes
on to describe the LUMP mixed integer formulation which
considers each parcel homogenous in its attributes and
explicitly considers capability, cost, and value for each
use for each parcel. Integer variables are used to
implement linearized nonlinear cost and value functions.
This formulation yielded an extremely large mathematical
programming problem (190571 variables initially) for this
635 parcel region. A subsequent version of LUMP elim-
inated the integer variables and greatly reduced the size
of the problem and time and cost for solving it.

The most significant effort in regional land use
modeling during the 1970's was the Regional Environmental
Systems Analysis Program (RESA) sponsored by the National
Science Foundation at the Oak Ridge National Laboratory
(ORNL) from 1971 to 1975. This program has been well
documented in numerous ORNL publications that reveal its
comprehensive scope. The program dealt in depth not only
with land use modeling but with related areas of study
such as computerized geographic information systems,
political interactions in regional systems, regional
socioceconomic analysis, and ecological impacts of land
use:

"The purpose of the program has been to develop

and communicate to the planning and management

community an improved basis for forecasting the

environmental impacts of public and private

decisions (such as land use).... The research
strategy was to develop and validate a hierarchy



22

of computer models to assist in the analysis of
relevant economic, physical, ecological, and
social processes..." (Craven, 1977, p. V)

The land use model developed under the RESA program

is described in A Cell-Based Land-Use Model by A. H.

Voelker (1976). It was a simulation model for project-
ing future land use for a rural region of Eastern Tennes-
see. The model allocated land uses to 40 acre cells
stochastically on the basis of relative attractiveness of
a cell for a use. Attractiveness of a parcel for a use
was based on a combination of indices reflecting the
attributes of that parcel that were considered important
to the site selection decision for that use. The sto-
chastic allocation mechanism allowed for the realistic
possibility of some sites with lower attractiveness being
selected prior to sites with higher attractiveness. Total
areas by use to be distributed among the parcels within
the region were based on exogenous forecasts of economic
and population growth.

Voelker acknowledged that a large part of the model
development effort centered around the construction of
indices to describe individual attributes of parcels and
subsequent attractiveness indices based on composites of
the indices for individual attributes. A separate publi-

cation by Voelker, Indices, A Technique for Using Large

Spatial Data Bases (1976), considers in detail this index

building process. The challenge of converting raw data,

often nominal data, to ratio scale indices with a common
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scale or one that can be used in composite equations or in
the final model is discussed. Voelker frankly admits
that
“In the best situation, an accepted theory exists
which describes the process well enough to allow
it to be quantified. Short of this, it may be
necessary to hypothesize relationships in order
to complete an analysis. Indices in this case
must arise from the mind of the index developer,
conforming to his intuition and tacit understand-
ing of the process being modeled." (Voelker,
Indices..., p. 3)
Numerous examples of index development and associated
problems for a number of specific attributes are presented.
As with the urban land use models, there is perhaps
more to be learned from the critical evaluations of rural
land use modeling efforts than from the models themselves.
Several publications from the RESA program provide such
evaluations of that particular effort. Some of the points
made in these critiques echo those of the urban land use

modeling efforts.

In Some Pitfalls of Land Use Model Building Voelker

(1975) claims that there had been a lack of documentation
of and openness about the real problems of land use mod-
eling within the modeling community. Through this paper
and comments in other ORNL publications Voelker attempts
to avoid this deficiency for the RESA experience. Voelker
distinguishes two types of problems, technical and per-
ceptual, encountered in the RESA modeling effort that
limited the utility of the models. Major technical

problems included gaps in land use theory, failures in
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quantifying important variables and relationships, and
underestimating time and costs of data acquisition.
Perceptual problems refer to barriers to model use by
planners and decision makers. There are many aspects to
this problem, including the modelers' lack of understand-
ing of the real world of planning and subsequent unreal-
istic expectations for model adoption by planners, differ-
ing goals for models between planners and modelers, reluc-
tance of planners to adopt or try new tocls, and unreal-
istic expectations of model capabilities by decision

makers.



CHAPTER II. THE MODEL

The primary purpose of this study was to build upon
the model suggested by Miley to develop a land use projec-
tion simulation model. The basic concept proposed by Miley
was retained, that is, the model employs a linear program-
ming input-output model to estimate sectoral total outputs
in response to projected levels of final demand, subject to
resource constraints, and to arrive at rents for various
uses of various parcels of land. This chapter discusses
some alternative large scale linear programming land use
models based on this concept. The discussion then turns
to a land use projection simulation model centered around
an allocation mechanism which was largely inspired by
these large scale linear programming formulations but
which relies directly on a small, aggregated linear
programming model. Reasons for diverging from Miley's

original proposal are also discussed.

Input-Output and Linear Programming

Before discussing the land use model itself, it is
appropriate to briefly review the two general economic
models, input-output analysis and linear programming, which
have already been mentioned as essential components of the
land use model.

Consider momentarily a simplified overview of the

Emmet County economy. The economy is comprised of

25
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individuals, firms, and institutions interacting within the
county and with similar entities outside of the county
through exchange of goods, services, and money. Money
enters the economy primarily through sale of goods and
services produced within the county to sources outside the
county. However, all money entering the county economy
does not remain in the county, because goods and services
produced outside the county are purchased by sources in the
county. For any period of time income to or net production
by the county economy depends on the amount and mix of
products produced and consumed within the county, the
amount and mix of products produced in the county but
purchased by outside sources, and the amount and mix of
products imported to the county. The level of income to
the county can change over time because of changes in any
of these factors, and obviously these categories are not
independent. A change in exports will likely lead to
changes in the amount and mix of products exchanged within
the county and to changes in imports. A change in the
structure of interactions within the economy, for example
the establishment of a new industry, can lead to changes in
the amount and mix of imports and exports.

Input-output accounts provide a means for describing
the relationships between sectors (groups of individuals,
firms, and institutions) within the regional economy and
the relationships between the regional economy and the eco-

nomies of other regions through exports and imports.
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Over the last twenty-five years input-output analysis
has become an important tool of regional economics, and
there is a vast literature describing input-output theory
and its countless applications. It is unnecessary here to
consider in detail the history or theory of input-output
analysis, but the reader is referred to Richardson (1972)
for a concise, comprehensive, objective overview of input-
output analysis and associated issues in regional eco-
nomics.

Having divided the economy into a number of sectors,
some of which are designated endogenous while the rest are
considered exogenous, an input-output model depicts the
economy as interactions among those sectors through linear
production functions. The total output of a sector is
expressed as the sum of its sales to all endogenous and
exogenous sectors in the economy, conversely total outlay
for a sector is the sum of its purchases from all sectors
in the economy. Usually, by convention total output equals
total outlay for a sector, requiring balancing by capital
accounts included as exogenous demand and payment sectors.
These exchanges between sectors for a specified period of
time are typically expressed in common terms, such as
dollars, in the transactions table. ©Let tj4 be the pur-
chases by sector j from sector i and x4 be total outlay
which is equal to total output for sector j. (Throughout
this discussion nonsubscripted lower case letters will

represent vectors, nonsubscripted upper case letters will
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represent matrices, lower case letters with double sub-
scripts indicate elements of matrices.) Assume the economy
is divided into an endogenous or processing sectors, m
exogenous or final demand sectors, and k exogenous or final

payments sectors, then:

and
n+k

Xq = Ztij

i=1

When used in forecasting or impact analysis a matrix
of direct effects or technical coefficients, typically
designated the A matrix, is computed from these transac-
tions and total outlays for the endogenous sectors. The
element ajij of A is the ratio of purchases by sector j

from sector i to total outlay of sector j
aij = tij/%;

The intermediate product, pj, for sector i, i.e. the
output that is used in production by endogenous sectors

rather than going to final demand, is defined by:

Pi =

n
tij

j=1
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but may also be found by:
p = Ax

If £ is the vector of total final demand, i.e.

n+m
£ = Ztij
j=n+1
then:
Xx =p+f = Ax + £
f =x - Ax
£f= (I-A)x

where I is, of course, an n x n identity matrix.

Since A reflects the portion of total output which is
required as inputs to the endogenous sectors, (I-A) can
conversely be thought of as indicating portions of total
output from the various sectors which are not required as
inputs by endogenous sectors and are therefore available
for final demand.

For impact analysis using input-output it is noted
that multiplying both sides of the above equation by
(1-a)-1 yields:

x = (I-A)~1f
With this equation a projected level of or change in final
demand can be translated into an expected level of or
change in total output.

There are several fundamental assumptions on which
input-output analysis is based and which are necessary for

solution of the system of equations and for practical
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implementation of the technique. These include such tenets
as the linearity and additivity of the production func-

tions. One important assumption which is made in conven-

tional static input-output analysis but which is unaccept-

able for the purpose of land use modeling is the assumption
of unlimited or perfectly elastic supply of resources

required as inputs by the various sectors.

Every sector in the regional economy is to some degree
directly dependent on the land and resources of the region,
if for nothing other than space for facilities. Of course,
economic activities vary widely with respect to their
degree of dependence on natural resources., One of the
great attractions of input-output analysis for land use
modeling is that its flexibility with respect to sectoriza-
tion allows distinction of activities according to their
dependence on various resources. Conventional input-output
analysis with its assumption of nonconstraining resources
ignores this dependence of sectors on the resources, but by
expanding an input-éutput model into a linear programming
model by adding an objective function and resource con-
straints, both the relationships between the sectors in the
economy and the relationship between the sectors and
regional resources as well as the limits to the avail-

ability of these resources can be accounted for.
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The general linear programming problem with n con-
straints and m activities can be depicted as follows:
maximize z = cx

subject to:

tw
® "
v 1A
o v

where z is the scalar value resulting from multiplying the
l1xm vector of objective coefficients c, by the mxl solution
vector, x. B is the nxm matrix of constraint coefficients
with each row expressing the relationship between the
activities and a limiting resource, the availability of
which is indicated by the corresponding element of the nxl
right-hand-side vector b. Stated verbally, the problem is
to find the vector x which maximizes the linear objective
function, cx, while satisfying the linear equations Bx>b.

By letting:

(1-a)
B =
L= J
and
£
b =
-

where (I-A) is the nxm Leontief matrix from an input-output
analysis, and R is an nxm matrix of coefficients which

relate sectoral resources use to sectoral gross outputs for
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m sectors and n resources. Then the linear programming
problem,
maximize: Z = CX
subject to:
Bx > b
x>0

where cx is some regional objective function, incorporates
both intersectoral production relationships and the re-
quirements of economic sectors for regional resources.
An important result of linear programming theory is
that corresponding to the above problem, called the primal,
there is a dual problem of the form:
minimize: w =Db'p
subject to:

B'p <c'

P20
The elements of p, the solution vector for the dual pro-
blem, are shadow prices for the primal. That is, the ith
element of p is the marginal contribution to the value of
the objective function of one additional unit of the ith
element of b. Given the appropriate context and objective
function these shadow prices may be viewed as economic
rents accruing to the corresponding resource or input in
the primal problem. Only if a resource is completely
exhausted in the solution to the primal, i.e. the corre-

sponding constraint is binding, will a positive shadow

price or rent be associated with it.
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Linear programming theory and the algorithms to solve
such problems emerged during the 1940's. Today all but the
such problems emerged during the 1940's. Today all but the
most trivial problems are solved using digital computers.
Modern linear programming software packages allow the
solution of problems with thousands of contraints and tens
of thousands of variables. It is this great capacity which
makes possible the consideration of geospecific land use
linear programming models. Rather than having merely one
constraint for each category of resource required by the
economy, as has been done with input-output linear program-
ming models for many years, a separate constraint can be
used for each of hundreds of specific parcels of land in
the region to be modeled. Recognition of this possibility
was the basis for the mixed integer programming land use

model considered by Miley.

A Mixed Integer Programming Land Use Model

The model suggested by Miley (1977) was based on the
contrained input-output model presented above, but with an
additional constraint for each parcel in the region so that
the model allocates different uses (use being the economic
sector in this model) to spatially referenced parcels.
Additional constraints and solution with a mixed integer
programming algorithm assured the assignment of each parcel

to one and only one use.
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For an economy with m endogenous sectors and n parcels
such a model would have m+nm variables and m+m+n con-
straints. As in the above constrained input-output model,
m constraints relate gross output through the (I-A) matrix
to final demands, and the next m contraints equate acreage
allocated to acreage required for each use for given levels

of gross output. These m contraints have the form:

diXj - Pi1Pil Tile++~ DijPijrij-+-=bPinPinfin £ O

Where qj is a coefficient expressing the acreage require-
ments in acres per dollar. The coefficient bj4 can be
thought of as the acreage in parcel j and is multiplied by
a coefficient, Pijs which reflects productivity of parcel
j for use by sector i relative to some standard produc-
tivity on which qj is based. An additional n constraints

of the form:

m

5: riqy X2 1 for j=1, «s..,n

i=1
assure that total acreage allocated from each parcel does
not exceed the acreage available from the parcel.

The solution vector is comprised of m gross output,
Xi, elements and mn rjj elements. Given the above con-
straints this rj4 is the proportion of the area of parcel
j which is allocated to use 1i. In a standard linear
programming problem this rj4j could range from 0 to 1,

but the mixed integer algorithm allows specifying all
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rij as binary, i.e. equal to either zero or one. Under
this condition, to satisfy the above constraints no more
than one of a sequence of m elements with j constant may
be nonzero. This means that any one parcel is allocated
entirely to one and only one use, although that "one" use
might actually reflect a fixed mix of uses.

The motivation for using integer programming was the
resulting availability of a shadow price or rent for the
sector to which the parcel was allocated and the avail-
ability of opportunity costs associated with the parcel for
all other sectors. These values are standard outputs from
modern linear programming packages. With the shadow price
and opportunity costs the potential marginal contribution
to the objective function for any use of a given parcel is
known. Without the integer stipulation a parcel could be
allocated to several uses so that the resulting shadow
price would not apply to any individual use but only to the
combination of uses associated with the parcel in a par-
ticular solution.

It was suggested that the rents implied by these
shadow prices and opportunity costs enter an equation of

the form:

n
g = Vi - Vj o
(1+4)t +J
t=1

In this equation v; is the periodic rent to use i, t is
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the number of periods from the present, d is the discount
rate, c¢jj is the cost of converting from use j to use i
on the given parcel. The equation yields g, the discounted
net value over n periods obtainable by shifting from use j
to use i on the parcel under consideration. It is hypo-
thesized that the probabilities that such use shifts will
occur are positively correlated with these potential
accumulated discounted rent differentials. Given these
rent differentials and their relationship to shift prob-
abilities, a matrix of probabilities of shifts from all
uses to all other uses for each parcel can be obtained.
Employing Monte Carlo methods in conjunction with these
shift probability matrices, various possible future re-

gional land use patterns can be generated.

Problems With the Integer Programming Model

Several problems with the suggested mixed integer pro-
gramming land use model have been recognized. Some of
these problems derive from the requirement that each parcel
be allocated entirely to one use or a fixed mix of uses,
while others are related to certain details in formulation
and interpretation. These types of problems can be alle-
viated torsome extent by some alternative formulations of
the linear programming problem. Still there are certain
inadequacies inherent in any linear programming model for
detailed land use projections. Recognition of these

inadequacies led to the suggestion for using the linear
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program only indirectly to derive rent differentials and
shift probabilities. These inadequacies are acknowledged,
but the particular remedy that has been suggested also
presents a number of problems.

Unless very small parcels are used, the requirement
that one parcel be devoted entirely to one use can result
in distorted, unreasonable land use patterns associated
with the solution to the linear programs. At first glance
it would seem that this would not be a serious problem as
long as the desired outputs from the linear program were
only the rents and not the actual allocation of parcels to
uses. The problem is seen as more serious, however, when it
is recognized that such distorted allocations of land may
be accompanied by unreasonable gross outputs in the solu-
tion and a distorted total objective function value,
resulting in inappropriate rents.

Another serious problem with the proposed formulation
stems from the desire to obtain a rent for each use for
each parcel, which necessitates greater than or equal to
final demand inequalities. A positive shadow price is
obtained only for those constraints that are binding on the
solution. Since a positive objective function coefficient
is generally associated with each gross output variable and
output available for final demand is positively correlated
with gross output, the greater than or equal to final
demand constraints assure that every parcel will be totally

allocated to a use and will therefore have associated
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positive rents. Of course the gross outputs, final demands
and allocation of parcels to uses resulting from such a
model may bear little resemblance to reality, since in most
regions where such a model would be applied the levels of
gross outputs and final demands for most sectors at the
present time are constrained more by available markets than
by exhaustion of suitable land and resources. One must
realize then that the rents resulting from such a model are
no more valid for the near future than are the levels of
gross outputs and final demands.

Further questions regarding the applicability of these
rents arise from the nature of the objective function and
with regard to suggestions for determining values for its
coefficients. This problem applies to the standard linear
programming land use model as well as to the mixed integer
formulation. The question regarding the objective func-
tions has two aspects which cannot be totally separated.
First; there is the question of what to maximize or mini-
mize. It has been suggested that various regional objec-
tives, for example maximizing regional output, employment,
or income, would be appropriate for such a model. While
there is a role for these types of objectives, e.g. in
policy analysis, they are probably not the appropriate
objectives for projection of likely future land use under a
capitalistic economy. If the model is to be used in
a normative mode, then these regional objectives are

entirely appropriate and the resulting rents will reflect
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societal values rather than surplus value to the individual
land owner, but if the model is used in a predictive mode
for a decentralized economy, then the objective function
should be some reflection of surplus value to the land
owner, e.g. excess profits, conforming to the concept of
land rent (Barlowe, 1972, pp. 157-159).

It is doubtful that individuals or firms in their
decisions to buy, sell, or convéft use on specific parcels
are primarily motivated by the contribution of such deci-
sions to such regional objectives. Rather, it is assumed
that such decisions are largely motivated by the desire of
the individual or firm to maximize its own net returns.
This brings up the second aspect of the objective function
problem, for even if sectoral profit rate coefficients were
used in the objective function, the rents derived from such
a function would be averages over the sector, and the
resulting rent differentials would not necessarily apply to
any one owner or parcel. The optimal solution for the
linear program is optimal for the system as a whole but is
not necessarily optimal from the perspective of any one
sector or any one entity within a sector.

A final problem with the proposed model deserves
attention before considering some alternative formulations
intended to alleviate some of these problems. Again this
problem applies to the standard linear program as well as
to the mixed integer formulation. The problem concerns the

incapacity of the proposed formulation to generate rents
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which adequately reflect certain differences between
parcels in profit potential.

The vehicle for distinguishing relative profitability
between parcels is a productivity coefficient which can be
employed directly as a coefficient in the linear program,
or, as in the preceding description, may be multiplied by
acres in the parcel to yield the coefficient. The pro-
ductivity coefficient ranges from O to 1, and indicates a
parcel's productivity for each use relative to some stand-
ard or ideal parcel for that use.

This approach is quite adequate for some types of
relative productivity or profitability effects, but for
others it is totally inadequate. The difference can
probably best be explained by example. Consider the case
of tﬁe effect of soil fertility on the production of some
crop. For a given input mix the output or profit from a
parcel that is less fertile than the ideal parcel could be
approximated as a proportion of the ideal input or profit.
An inherent property of the parcel, irrespective of loca-
tion or demand, results in lower output and profit per acre
relative to the standard. The effect of lower fertility
can be offset by bringing more acres into production.

Consider on the other hand the case of the retail
establishment located on an isolated back road. The per
acre output and profit for land allocated to this use on
this parcel would likely be substantially less than for the

same use in an ideal location, say a city center. The
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reduced output and profit, however, is due to market
limitations associated with location rather than to supply
effects from inherent properties of the parcel. In this
case increasing the acreage devoted to this use at this
location would not increase total output or profit.

A zero to one productivity coefficient employed as a
constraint coefficient in the land use linear programming
model would account for the first case. It would not
adequately account for the second situation, because not
distinguishing between supply effects and demand limita-
tions, the model would attempt to offset reduced pro-
ducitivity in the isolated parcel by simply allocating more
land to the use.

The two cases can be considered in terms of the
differences in theories of rent as developed by Ricardo and
von Thnen. Zero to one productivity coefficients as
constraints coefficients adequately reflect the Ricardian
rents but may result in distorted allocations and levels of
output if used in an attempt to account for Thinien rents.
A solution to this problem will be considered in the

following sections.

Alternative Large Scale Linear Programming Models

Minor modifications to the proposed mixed integer pro-
gramming land use model can alleviate several of the

limitations mentioned above. Such a revised model is
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presented in Figure 2, where a large scale linear program-
ming problem is depicted in explicit matrix notation
as comprised of a number of matrix and vector components.

In Figure 2 m is the number of endogenous economic
sectors, k is the number of land use categories and n is
the number of parcels. OBJ is the objective function
vector and the I-A matrix is from the input-output aﬁaly—
sis, as discussed above. GO is the gross output component
of the solution vector and multiplying OBJ yields the value
of the objective function, scalar z. The ACPIUJ solution
vector represents the acres of each parcel i allocated to
each use j. The PARSUM matrix simply assures that the
acres allocated to various uses from a given parcel do not
exceed the total acres of that parcel as indicated in the
ACRES right-hand-side vector.

This formulation features final demands constrained
from above and below (FDN and FDO in Figure 2). This
feature, coupled with abandonment of the integer require-
ment, results in reasonable levels of gross outputs and
resource requirements. The upper constraint on final
demands is intended to reflect the constraints imposed on
all sectors by limited exogenous markets, while the lower
constraint on final demand reflects some expected degree of
stability in the distribution of sectoral outputs to
historical markets.

Relaxing the integer stipulation that a parcel be

devoted entirely to one and only one use can result in
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different portions of a single parcel being allocated to
different uses. The result is more reasonable distribu-
tions of uses over space and avoidance of irregularities in
total allocations of land to uses.

Another feature of this formulation is the allocation
of land to use categories rather than to specific economic
sectors. The requirements of each sector for land in each
use category are expressed by the ALURQ matrix in Figure
2, A single economic sector may employ land in several
different use categories, and conversely land in any one
use category may be required by several different sectors.

A major advantage of this approach is that land use
categories can be defined to closely conform to the
categories that are typically used by planners and in land
use regulations, while retaining a sectorization scheme
which conforms to convention and to available information
sources.

This feature also recognizes the fact that a single
sector or entity within a sector may require two or more
substantially different types of locations, resources, or
facilities. For example a large resource based manufactur-
ing operation may require vast acreage to supply its basic
raw material while requiring land of substantially differ-
ent attributes for its processing plant, and perhaps even
another 1location with still other properties for the

company headquarters.
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Finally, this feature enables the model to realist-
ically reflect the various land requirements of the various
sectors, while minimizing the total number of land use
categories that must be distinguished. As will become
apparent, this is an important factor in keeping the model
to a size that is practical and feasible to solve.

The coefficients in the PROCO matrix of Figure 2
indicate the relative productivity of respective parcels as
inputs in the production process of respective uses. For
use categories such as agriculture or forestry where
factors such as soil fertility relate directly to yield
this coefficient can range from zero to one, reflecting
productivity relative to some ideally productive acre. For
other use categories where gross output does not relate
directly through the production process to some character-
istic of the land the coefficient would assume a value of
either zero or one, simply indicating whether the parcel is
or is not suitable for the use. This distinction avoids
the problem of the model trying to offset demand limita-
tions with additional resource allocation, as was discussed
in the preceding section. This treatment, however, does
not adequately reflect the reduced rents due to reduced
demand relative to the ideal location or similar influ-
ences.

Reference was made above to the role and selection of
the objective function and associated problems. This

solution does not avoid those problems. If the model is to
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be used either directly or indirectly, i.e. using the
shadow prices apart from the resource allocation in the
solution, to project future land use patterns due to market
activity in a decentralized economy, then the coefficients
of the objective function should be some reflection of
profits or investment return in order to result in meaning-
ful shadow prices for this purpose.

Ideally the objective function coefficient would be a
proportion, which when multiplied by gross output would
yield the contribution of the land to profit for the
respective sector. There is a problem of course in arriv-
ing at such coefficients since contribution to profit is
not an observable entity. The problem is compounded in
this particular formulation by the association of several
land use categories with a single economic sector and
therefore a single objective function coefficient. Such a
condition may dictate erroneous relationships between the
imputed contributions of the different land use categories.
A slight modification to the I-A and ALURQ matrices of
Figure 2 can elminate this particular aspect of the
objective function problem. Revised rows and columns for
I-A and ALURQ, as indicated in Figure 3, allow distinct
objective coefficients, cjj, for each use j associated
with each sector 1i. Another matrix component, SOEQ, is
required simply to equate output across uses for each
sector. This formulation makes more practical the use of

empirically based coefficients, e.g. coefficients based on
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assessed values or market prices of land, capitalized and
translated into annual rates.

Miley recognized that the large scale linear program-
ming land use model itself could not serve adequately as a
projection device and so suggested a stochastic model whose
probabilities derive from the shadow prices from the linear
program. The linear program solution is inadequate because
it cannot take into account the existing distribution of
uses and the costs of converting from those uses. The
alternative 1linear program formulations suggested above
certainly do not eliminate this problem, in fact in the
preceding discussion additional inadequacies are revealed,
e.g. the model cannot adequately account for Thunien
rents.

The need for a mechanism beyond the large scale linear
program is acknowledged, but the appropriateness of a
stochastic shift model in that role is questionable for
several reasons.

Since Miley (1977) did not expand on the suggestion
for a probabilistic shift process the following comments on
possible limitations of such a process rely on speculation
as to its exact form.

One potentially serious problem with such a process is
that if the probabilities of certain shifts on certain
parcels are considered to be independent probabilities,
then the land use allocations from any one run of the model

would not necessarily be, in fact would more than likely
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not be, consistent with the acreage requirement results
from the economic model from which the rents and therefore
the probabilities were derived. Spatial disaggregation
with a relatively large number of relatively small parcels
could reduce the seriousness of but not eliminate this
problem.

As with any stochastic model, the use of such a shift
process would entail a large number of repetitions of any
one problem in order to begin to establish patterns of
expected future conditions and events. With many of the
outputs of the model, for example levels of aggregate
economic variables and identification of likely limiting
resources, this averaging over a number of runs would
probably be a reasonable, straightforward process. For
one very important output, however, namely patterns of land
use over space, the task may not be so straightforward.
The question that must be faced is how one averages, over
multiple runs, the different uses that occur on a parcel,
to arrive at expected patterns of use.

The most obvious problem with the stochastic shift
process is the derivation of shift probability distribu-
tions as functions of rent differentials for the various
uses.

Given these doubts about the practicality of a sto-
chastic allocation device, it was decided to attempt to
develop and employ a deterministic shift process. The

resulting model is described in the following section.
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The Land Use Projection Model

The land use projection model developed and employed
in this study derives from the linear programming model
depicted in Figure 2 and from the same contention that
led to the contemplation of a stochastic shift process.
That contention is that the probability of a shift from one
use to another is directly related to a rent differential
between the two uses on a given parcel. This model goes a
step further in using the consequent relationship that a
use shift is expected, i.e. probability of the shift is
greater than fifty percent, if the rent differential
exceeds a certain threshold. This model treats the process
as deterministic, in that if a use shift is expected and if
a need for such a shift is dictated by the requirements of
the economic model then the shift will occur. Futhermore,
within the model such shifts are designated in order of the
magnitude of the rent differential. The model treats the
process as deterministic not because it is denied that
there are relevant influences other than rent differential,
but primarily because it is felt that running of and
interpreting the output from the deterministic version is
considerably more practical. If a planner is to use such a
model routinely, e.g. to answer "what if" questions, then
the numerous solutions that might be necessary to establish
patterns with a stochastic model would not be practical.

The overall structure of the model is depicted in the
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flow chart of Figure 4. An unconstrained input-output
model is solved for gross outputs given projected maximum
final demands for a pe}iod. These gross outputs, the land
use requirements coefficients, and the objective function
coefficients can be used to compute area required in each
land use and standard rents for each use in the case where
availability of suitable land is not constraining.

The model then enters a shift possibilities phase in
which a file is created which lists all shifts from exist-
ing uses on parcels to other uses which would result in
positive rent differentials. In computing rent differ-
entials, for constructing this file the relative productiv-
ity and suitability for each use on each parcel is taken
into consideration. Each parcel is assigned a suitability
factor for each use which reflects various attributes of
the parcel on which attractiveness for the particular use
is dependent. The combination of these factors for a use
on a parcel is used to adjust the standard rent for that
use to obtain the rent for that use on the specific parcel.
Only a limited number of values are allowed for the suit-
ability factor for any use. The fact that there is a
limited number of factors, a limited number of uses, and a
finite number of parcels means that there is a finite
number of possible use shifts. The output from this shift
possibilities phase is a file in which each record indi-

cates a rent differential for a shift between two uses and
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also indicates all parcels which would yield that par-
ticular differential for that shift.

The file produced by the shift possibilities phase is
then sorted according to rent differentials in descending
order. This ordered file and the acreage requirements by
uses from the solution of the input-output model become the
primary inputs to a shift phase. In this phase the ordered
file of possible shifts is searched to find use shifts to
eliminate any differences between acreage requirements and
current acreage allocations for all uses. The search
through the file is repeated until all such deficiencies
are eliminated or until a specified maximum number of
iterations is reached. If all acreage requirements can be
satisfied during this phase then the model proceeds to the
reporting function for the current period, after which the
entire process is repeated for subsequent periods. If
acreage deficiencies for some uses remain then a rent
adjustment phase is entered.

Unsatisfied acreage requirements from the initial pass
through the shift phase indicate that availability of
suitable land for a particular use is constraining and
suggests that the gross ouputs and standard rents from the
unconstrained input-output model are inappropriate. It is
in this situation that a small spatially aggregated input-
output linear programming model is employed to yield
adjusted gross outputs, acreage requirements, and rents.

This aggregated linear program has an activity for each
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sector and current acreage allocations for the land use
constraints. The fact that these current acreages are
constraining for one or more uses will result in positive
shadow prices which may be greater than the standard direct
contribution to the objective for those uses.

These shadow prices for the constraining uses are then
used in computing rents for construction of another ordered
file of rent differentials for possible shifts from non-
binding uses to binding uses. The process is repeated
until sufficient acreage is allocated to satisfy require-
ments for each use or until a specified maximum number of
iterations is reached. If the maximum number of iterations
is reached without satisfying acreage requirements, an
unresolvable deficiency for the use in the current period
is assumed and the outputs of economic sectors directly and
indirectly dependent on the use are adjusted correspond-
ingly by solving the linear program with the final acreage
allocations as the right-hand side. Reports for the
current period are then written before repeating the
process for subsequent periods.

It is not c¢laimed that this process arrives at the
optimal solution for the nonlinear problem, but it does
approach this optimal and in so doing yields rents which
surpass those from the large scale linear program in
reflecting the true nature of the problem. The shifts
search and rent adjustment procedure can be considered a

case of "heuristic programming” (see for example Dykstra,



55

1976 or Khumawala, 1971). The allocation process is
reasonable and understandable and may even approximate the
appropriate real world allocation process. While an
optimal solution is not guaranteed, the allocation that is
obtained is expected to be considerably closer to that

optimum than would be obtained by inspection or intuition.



CHAPTER III. DATA AND METHODS

The previous chapter describes a comprehensive land
use proiection model. The regional economy is modeled with
some sectoral detail, while the regional resource base and
land use are addressed with considerable spatial detail.
The economy is linked to the resource base through pro-
ductivity, suitability, and land requirements relation-
ships. Obviously, such a model encompasses a wide range of
variables, and a wide variety of data and techniques for
employing them are required. This chapter considers data
sources and steps involved in compiling those data for
submission to the land use model.

The model can be thought of as consisting of two major
components, the economic component and the land use and
resources component. The economic component includes the
I-A matrix of an input-output model, a total final demand
vector used as the right-hand-side for the linear program,

-

and the objective function, all of which focus on sectors
of the regional economy. The land use requirements matrix,
which is the 1link between the two major components, dis-
tinguishes land use categories as well as economic sectors.
The major variables for the land use and resources com-
ponent are land use and resources by spatially referenced
parcels of lands. Within this component there are sub-

models for any number of explicitly recognized resources

or parcel characteristics. This chapter is organized

56
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around these major components and submodels. This is
appropriate since the different components required differ-
ent types and sources of data and different methods for

manipulating them.

The Input-Output Model

As has been thoroughly discussed elsewhere (Isard and
Langford, 1971, Richardson 1972), many decisions must be
made before embarking on the actual data collection and
analysis phases of an input-output study. Primary among
these decisions is that of regionalization. Will more than
one region be considered in detail or will the analysis
focus on one region with its linkages to all other regions
represented grossly by an import row and export column? 1In
either case what are the boundaries of the region or
regions to be considered? That Emmet County would be the
region of focus for this project was specified in the
original project proposals for the reasons discussed in
the Introduction. That it would be the sole region explic-
itly considered was dictated by the anticipations (later
seen to be well founded) that time, costs, and computer
capacity limitations would be strained even with just the
single region.

Another important decision regarding the input-output
analysis, which could not, however, be dispensed with so
easily, was that of sectorization. As described in Chapter

II an input-output model represents a regional economy as
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a matrix of linear relationships between different groups
or sectors of households, firms, or institutions. Again
the question of how many sectors as well as that of the
exact definition of each sector must be addressed. Much
has been written about both of these questions. One of the
attractive features of input-output analysis is, of course,
its capability for recognition of many different sectors,
but in this case the value of fine sectoral resolution is
questionable since the effects within the model are fun-
neled into the land use categories the number of which by
necessity is limited. Of course the number of sectors also
directly affects the size of the linear programming problem
and therefore should be no larger than necessary. When
direct surveys are used to obtain data for the input-output
model, two other factors dictate a limited number of
sectors. One would expect that total sample size to
achieve a désired level of precision in each sector would
increase as the number of sectors increase thereby increas-
ing data collection costs. Secondly, and particularly
important when dealing with a small region, high sectoral
disaggregation can result in very few firms in certain
important sectors with resulting disclosure problems.

Based on these considerations and the relative import-
ance of certain activities to the Emmet County economy, as
indicated in published data, the sectors indicated in Table
1 were delineated. Where applicable, two digit S.I.C.

codes corresponding to these sectors for firms in Emmet
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County are also shown in Table 1. The row and column
numbers in Table 1 refer to the various input-output tables
included below.

A final major design question concerned the sources
of data and methods of obtaining the input-output coeffi-
cients. The preferred approach to constructing such models
has been to use direct survey for all sectors, but the
costs of this approach have long been recognized as a major
impediment to the development of input-output models. In
recent years a gdgreat deal of effort has gone into devel-
oping and evaluating various techniques for estimating
input-output coefficients for a particular region while
avoiding or at least reducing primary data collection.

These techniques generally involve modifying an
existing survey based input-output model from some other
region, referred to as the base table, to more closely
resemble the economy of the region in question than would
the unadjusted base table. Often for regional studies in
the United States the national input-output model is used
as the base model. Typically, some effort is given to
delineating the sectors from the base table that correspond
most closely to the sectors of the region. Published data
can often be used to estimate regional total outputs and
some final demand and/or payment vectors. The transactions
or technical coefficients for the appropriate sectors are
then adjusted to reflect known differences within sectors

or in the structure of the economy between the region and
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Table 1. Emmet County Input-Output Analysis Sectorization

s.I.C. I-0 Table I-0 Table
Sector Code Row No. Colunm No.
Agriculture &

Forestry 01,07,08,09 1 1
Construction 15,17 2 2
Wood Products &

Furniture

Manufacturing 24,25 3 3

Mining & Cement &
Concrete Products
Manufacturing 14,32 4 4

Electrical & Trans-
portation Equip-
ment Manufacturing 36,37 5 5

Primary Metal &
Metal Fabrication

Manufacturing 33,34 6 6
Nondurables
Manufacturing 20,22,27,30 7 7
Transportation,
Communication & 41,42,44,45 8 8
Utilities 48,49
Wholesale & Retail 50,52,53,54 9 9
Trade 55,56,57,58,59
Finance, Insurance &
Real Estate 60,61,64,65 10 10
Lodging & Amusement
Services 70,7S 11 11
Medical Services 80 12 12
Other Services 72,73,75,81, 13 13
82,89
Government Enterprises 14 14
Households 15 15
Imports, Taxes &
Other Payments 16
Total Payments 17
Seasonal Residents 16
Tourists 18
Other Export 19
Investment 20
Exogenous Government 21

Total Gross Output 22
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the base region, and the model is balanced to accomodate
the estimates of total or intermediate outputs. For a
thorough review of the many variations on this theme see
Stipe (1975), Richardson (1972), McMenamin and Haring
(1974), and Morrison and Smith (1974).

A third approach to developing input-output models
employs both direct survey and the secondary data reduction
techniques. Typically direct survey would be used for the
most important or unique sectors of the regional economy
and for those final demands or payments for which it is
very difficult if not impossible to obtain reliable esti-
mates from published sources, e.g. imports and exports,
while coefficients adjusted from a base table would be used
to complete the model. There seems to be a growing con-
census that such a hybrid model will often be an appro-
priate compromise between the higher accuracy of the pure
survey model and the low cost of the secondary data reduc-
tion approach.

A combined direct survey and -data reduction approach
was adopted for this study. Some unique aspects of the
Emmet County economy as well as improved accuracy in
general suggested the need for some primary data collec-
tion, while the limited resources for the project prohib-
ited and the objectives of the project cast doubt on the
need for a full survey model.

The construction, manufacturing, medical, and hotel,

motel, and resort sectors were surveyed. Sample sizes were
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determined based on the variance in establishment size from
published data in order to be able to estimate sector
employment totals within plus 6r minus ten percent with 95
percent confidence. For the manufacturing sectors the
sample was stratified over the individual sectors being
recognized in the input-output model. For the medical
sector only the major hospital and clinic were contacted
with secondary techniques used to account for the smaller
establishments.

Preparation of questionnaires and initial contacts
with the selected establishments occured in the winter and
spring of 1977. Interviews, during which the question-
naires were explained in detail, followed in the summer and
follow-up contacts continued into the fall. Despite these
efforts response was poor and the usefulness of the results
was limited, so the input-output model became even more
dependent on secondary data than was originally intended.

Estimates of gross outputs were obtained by multiply-
ing 1976 employment for a sector by the ratio of output to
employment for the most recent year for which census data
on output were available for that particular sector.
Employment data were obtained from several sources, includ-
ing County Business Patterns of the U.S. Department of
Commerce, the Michigan State Employment Security Com-
mission, and the 1976 Michigan Directory of Manufacturers.

Some useable data on final demands and payments was

obtained from the survey. Where such data were lacking
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for imports and exports, location quotient techniques were
used to derive reasonable estimates. In some cases, for
example personal consumption expenditures, national aver-
ages from published sources were used to fill in missing
elements in the final demands and/or payments sectors.

An iterative balancing technique for deriving an
input-output transactions matrix given a base table and
final demands and payments described by McMenamin (1973)
was used.

The 1967 U.S. input-output model was the most recent
available national model at the outset of this study and
was used as the base table. Considerable effort went into
delineating those sectors from the highly disaggregated
national table that most closely corresponded to the
various industries as they existed in Emmet County.

A FORTRAN program was written to apply the iterative
balancing of the base table transactions to the estimated
regional control totals. This program allowed specifica-
tion of certain regional transactions for which direct data
were available and then balanced the rest of the model
around these fixed regional transactions as well as the
total intermediate outputs by sectors.

The standard input-output tables and matrices result-
ing from this process are included below. The transactions
shown in Table 2 are the estimated dollars paid by purchas-

ing or final demand sectors to producing or final payment



Table 2.

Emmet County Input-Output Analysis Transactions (dollars)

PHRODUCING
OR PAYMENT PURCHASING UR FINAL DEMAND SECTOR
SECTOR 1 2 3 L] L] 6 7 8 1] 10 11
1 1089250, 56511, 40000 0. 0. 0. 8189, 5870. Jsl01. 262002, 120990,
2 sloeg, 6382, 6376, 162902, 38458. 11795, 21034, 388535, 120709, 929552, 202910,
3 3600. 460570, 575060, 250000. 6000, 2500+ 9000. 605, 45000. 8440, 2000
4 4065, 1021049, 3383. 2409566, 96568, 208, 5324, 392, 20407, 3451, 7647,
S Qe 0. [ D 0. 0. 0. 0. L B 0. Q. [ B
L 2200. 50300. 100000. 73400, 225000 110000, 14800. 7300. 11600. 3450, [
L4 4000, 53220. Qe 100910, 119400, 10700, 74658, 206040, 212170. 53060, 34550,
8 73409, 386432, 36840, 931207, 217383, 43163, 151759, 1154092, 732209, 237292, S57554,
9 1848990, 1577980, 119895, 417770, 318820, 72840, 166490, 229180, 685500, 244260, 228180,
10 69134, 93660+ o776, 199219, 49001, 31634, 47531, 134719, 852769, 718497, 565057,
11 0. 0. 0. e 0. O. 0. 3as32?. 12397. 26110, 651281.
12 91sl. Oe [ 0. Qe Qe [ B 0. Qe J2384, 1500,
13 49864, 534120, 13352. 203976, 218516, 36734, lo02e6l2. 193500, 1156646, 460440, 497527,
14 $91. 2745, 1059. 21959, 17728, 3569, 43948, se17el. 268686, 176079, $1532.
15 2125000. 6992000, 1416500. 2229700, 2354600, 1545850, 2122050, 3959300. 17707000. 2510800, 3420000,
16 1044396, 1183507]. 1707759, 9582391, 5652526, 2401967, 2708613, 6085249, 12454766, 10444175, 3159272,
17 4697000, 23070000, 4027000, 16703000, 9314000, 4271000. 5476000, 12800000, 34310000, 16110000, 9540000,

¥o



Table 2. (Continued)
::‘)2:5'11:&! PURCHASING OR FINAL DEMAND SECTOR

SECTOR 12 13 1s 15 10 17 18 19 20 el
1 27275. 15 $75. 1150000, 80500, 170000. 1641722, [ 1% 10000, 4697000,

2 22081u. 137832, 265312, 500000, 35000 0. 1070772, 13365000, 5500000, 23070000,

3 [ 1Y 1000. [ Y 56500, 5000, Oe 2601725, [ 1Y [ I 4027000,

. aT65. 2338, 3614 25000, 2000, 0e 13010446, [N 0. 16703000,

S '] Qe 0. Ve 0. Oe 9301000, 0, 13000, 9314000,

o Ue 42000 0, 0. 0. 0. 3630950, 0. 0. ¢271000,

7 50040, 1057300, $050. 382200, 30000. 57300, 3210250, [ 1 [ 19 5476000,

) 675738,  61e566. 204856, 5886500, 432000, 165000, 0. 0. 300000, 12600008,

9 660590, 467560, 15520, 17648300, 1313000. 2700000,  767225. 1360000, 4900000, 34316000,

10 6774040 347353, 17264, 11300000.  750000. 0. 0. 0. 250000, 16110000,
1 0. 10715, 12. 1555000,  114000. 7000000  135158. 0. 0. 9500000,
12 809875, 0. Te3. 4520000, 450000, 450000, 16200358. 0.  9000080. 31474000,
13 400777, aL4T3H. 31193. 6712000,  493000. 1010000. 0. 0. 1500000, 14119000,
14 164726, 151137, 2059, 4256800, 31000 60000, [ 19 [ 19 250000, 2255000,
15 174650000 39315000 1452000, 750000, 525004 0.  «220000. 0. 32388000, 106642000,
16 10270400, 6929340, 259475, 30135700, 1709500- 3052700, le [ 289000, 123762307,
17 31474000 14119000, 2255000, 85207000, $537500. 14665000, 55790207. 14725000. 54400000, 418578707.

g9
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sectors. Table 3 shows the direct requirements or tech-
nical coefficients, which are the proportions of the
purchasing sectors total payments paid to each producing
sector. Table 4 is the I-A matrix which, as discussed in
Chapter II, is included in the constraint matrix of the
linear programming model. The inverse I-A matrices, also
called the direct and indirect requirements, without and
with households, respectively, are shown in Table 5 and
Table 6. The two different inverses are needed, along with
the direct requirements of Table 3 to derive the output and

income multipliers shown in Table 7.

Spatially Referenced Data

Spatially indexed land use and resources data had to
be collected and prepared for input to the projection
model. Again certain design decisions had to be made
regarding spatial resolution, number and definition of land
use categories, and the number and nature of other land

resources characteristics to be explicitly recognized.

Spatial Resolution

As was discussed in the Introduction a goal of this
study was to substantially improve the spatial resolution
over Miley's previous work. Miley had used counties as
parcels in his application. An Emmet County planner at one
point stated that a one-eighth acre city lot was the

appropriate parcel for projections useful for his planning.



Table 3.

Input-Output Analysis

Direct Requirements

PRODUCING PURCHASING SECTOR

SECTOR 1 2 3 . 5 ] 7 ) 9 10 1 12 13 14 15
1 023190 0.00245 0.,00993 0.0 0.0 0.0 0.00150 0.00046 0,00099 0,01626 0.01208 0,00087 0.00000 0.,00025 0.0)348
2 000874 0400027 040C158 0400975 0400413 0400276 0.0038¢ 003035 0600352 0,05770 0402546 0.0072) 0.00973 9.11765 0.00586
3 0400077 0.,01996 Us14280 0.00497 0.00008 0,00059 0.00166 0.00005 0.0013]) 0,00052 0.0002]1 0.0 0.00007 0.0 0.000066
4 000010 0,04426 0.00084 014785 0401037 G.00000 0.00097 0.00031 0.00071 0,0002) 0.00080 0.00015 0.00172 0.00016 0.00029
S5 040 0.0 0.0 0.0 0.0 Usl 0.0 Ve 0.0 0.0 0.0 0.0 0.0 0.0 0.0
® 000007 0.00218 V02483 0.00439 0.024106 02576 0,00270 0.00057 0.00034 0,0002) 0.0 G0 090297 0.0 0.0
7 0.00085 0.00231 0.0 0400604 0401282 0400251 0401303 0.0016) 0,00018 0.00329 0.00362 0.0016]1 0.07488 0.00224 0.00448
L] 0401503 0401675 0:00915 0.05575 0.02334 0.0101) 0.02771 0.09016 0,02)34 0.01473 0.,05844 0.02147 0.0435) 0.09085 0.96902
9 0003936 0400840 0.02977 0402501 0003423 0.01705 0.03040 0.01790 0.01997 0,01516 002392 0.02099 0.,013312 0.00688 0.20974
10 0401472 0.00406 0.00168 0.01193 0.00526 0.0074) 0.00868 V.01052 0.02485 0,.04460 0.05923 0,02152 0.024060 0.00765 0.13249
1n 0.0 .0 0.0 Q.0 0.0 0.0 0.0 000276 0.00036 0.00162 0.06827 8.0 0.00076 0.00001 0.81823
12 000195 0.0 0.0 0s0 0.0 0.0 0.0 0.0 0.0 0.00201 0.00016 0.02573 0.0 0.,00033 9.05300
13 0601062 0.02315 0.,00332 0.01580 0.02346 0.00860 0.01874 0.01512 0.03370 0.02058 0.05215 0.01400 0.02867 0.01383 0.07070
14 0400013 0400012 0400026 0400131 0.00190 000084 0.00803 0.064545 0.00783 0.01093 0:00540 000523 0.01070 §.60118 0:.00499
15 0445242 0430308 0435175 0413349 0.25200 0.3619% 0,38752 0,30932 0.51597 0.15585 0.35849 0.55090 0.27045 0.60290 0. 00079
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Table 4. Input-Output Analysis I - A Matrix

PHODUC ING PUKRCHASING SECTOR
SECTOR 1 2 3 ) S ] 7 [} 9 10 11 12 13 1 3 15
1 0.7681 -0.0024 =0.0099 0.0 040 Us0 «0,0015 =0,0005 =0.0010 =0.0163 =0.0127 =0.0009 ~0,0000 =0.0003 =0.0135
2 00087 049997 =0+0016 =040098 =0+006) ~0+0028 ~0.0038 =0.0304 =040035 ~0.0577 =0.0255 ~0.0072 =0.0097 =0.1177 -0.005%
3 «0,0008 =0.,0200 0.8572 =040150 =0.0006 =0.0006 =0,0016 =0.0000 =0.0013 =0.0005 =0,0002 0.0 =0.,0001 0.0 =0.0007
L) =0s0001 =0.0643 ~0.0008 08521 =0.0106 =0.000) =0,0010 =0.0003 -0.0007 ~0.,0002 ~0,0008 ~-0,0002 =0,0017 =~0.0002 -0.0003
- 0.0 0.0 0.0 0.0 10000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 =04000% ~0.0022 =0¢0248 =0s0046 =0,0242 09742 ~0.0027 -0.00006 ~0.0003 ~0.0002 0.0 00 =0.0030 0.0 0.8
7 “0.0009 -0.0023 0.0 200060 =0.0128 =0.0025 0.9864 =0.0016 =0.0062 =0,0033 =0:0036 =0.0016 =0.,0749 =0.0022 =0.0045
8 *0e0150 =0:0168 ~0.009) *0:0558 =040233 =0+0101 =0.0277 00,9098 =0:0213 =0,0147 =0.0584 =0,0215 =0.,0435 =0,0908 =0.0690
9 20,0394 =0,0684 =0.0298 =0.0250 =0,9342 =0.0171 =0,0304 =0.,0179 0.9800 =0.0152 =0,0239 =0.0210 =8,033] =0,0069 ~8.2097
10 =040147 =04004] ~040017 «040119 =0.0093 =0.0074¢ =0.,0087 =0,0105 =0.02¢8 0.9554 =0,0592 =0.0215 ~0.0206 =0.0076 ~-0.132%
11 0.0 0.0 0.0 0.0 049 .0 0.0 ~0.00286 =0.0006 =0.0016 0.,9317 0.0 =0.0008 ~8.0000 -0.0182
1e =0.0019 0.0 Oel 0.0 0.0 Ue0 0.0 0.0 0.0 «0.0020 =0,0002 0,9743 0.0 «0.0003 =0,0530
13 ©0+0106 =040232 =0¢0033 =040158 =0.0235 ~0+0086 ~0.0187 ~0.015] =0¢0337 =0.0286 =0.0522 =0.0140 0.9713 =-0.0138 ~0.0787
1e ~0+0001 -0.0001 =0.0003 «0.0013 =0,0019 =0.0008 =0.0080 =0,0455 =0.0078 =0.0109 =0.0054 =0,0052 ~0.0107 0.9988 «0.0050

15 =0+4526 =04303] =0.3518 =041335 ~0.2528 =003619 =0.3875 ~0:3093 ~0.5160 =0+1559 ~0:3585 ~0.5549 ~0.2705 -0.0439 0.9912
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Table 5. Direct and Indirect Requirements
PHUDUCING PURCHASING SECTOR
SECIOR 1 e 3 L} s [ [} 10 11 12 13 16

1 1.3026 0.0038 040152 0.0008 0.0003 0.,0003 0,0023 0.0012 0.0020 0.0225 0.,0195 0.0018 0,0009 0.0011
2 0.0141 140029 000031 000159 0.00067 0.0002 0.0072 0.0409 0.0077 0.0636 0.0360 0.0108 0,0157 0.1226
3 0.0016 00,0266 141668 0.0210 060012 ©.0006 0,0022 0,001 040008 0.0023 0.0013 00,0003 08,0007 0.0030
L] 00010 040523 0.0014 1.1745 0.0120 0,0003 0.,001060 0.0026 00,0014 0.0037 0.003] 0.0008 0.083) 08.0067
5 0.0 0.0 0e0 8.0 1.0000 0.0 8.0 0.0 0.0 0.0 0.0 0.0 9.0 0.0
[ 00008 00,0032 0.0298 040050 0.0251 1.0205 0.0030 0.0009 0.0006 0.,0006 0.0006 09,0001 0.08035 0.,0005
7 00030 Q0054 0e0008 060094 040155 040036 11,0159 0.0038 0.0094¢ 00,0065 0.,0095 0,003 0.079]1 0.0045
8 040256 0.0256 040139 0.0756 0.0301 0.0129 0.0343 1.1073 0-0?19 000227 0.,0766 #.027) 0.055¢ 08,1050
9 000550 040740 040374 040346 040383 0e019) 000339 002487 1.0237 00,0237 0.0346 09,0205 $,0403 $.0)09
10 00224 0.0081 040039 040173 00,0081 0.0069 0.0113 00143 000282 3.0494¢ 0.0706 0,0247 8.029¢ 0.0109
11 0.0002 0.0001 0.000) 0+0003 0.0001 0,000} 0.0002 0.,0033 0.0006 0.0019 1.0737 0.0001 0.0011 0.000¢
12 0+0026 040000 040000 0.0000 0.0000 0.,0000 0.0000 0.0000 0G.0001 0.,0022 0.,0004 11,0265 #.,000] 0.0004
13 00077 0.0283 00062 0.0228 0.027) 0.0106 00,0221 0.0205 0.037¢ 0.0343 0.0636 8.0173 1.0349 0.0208)
14 000022 000024 000014 0.0058 0.,0001 00,0018 0.0104 00,0510 04,0101 0,0032 0,0111 0.0073 0.0149 1.0065
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Table 6. Direct and Indirect Requirements, With Households
PRODUC INL PURCHASING SECTOR
SECTUR 1 2 3 ) L [ a8 L] 10 11 12 13 | U3 15
1 1.3218 040152 000209 040076 0.0090 040120 0.0155 0.0135 0,0189 00,0296 0.0340 00,0200 0.0122 0.0232 0,0298
2 040337 1.0146 040170 0.0229 0.0162 0.016]1 0.02060 0,0593¢ 00,0269 00,0707 0,0509 00,0293 00,0272 0.145]1 0.,0304
3 040032 04025¢ 11679 0.0215 0.00¢0 060018 0.0033 0.0022 0.0032 0.0029 0.0025 0,0019 09,0017 0.0049 09,0025
6 00028 0.0533 060026 141751 0.0135 040016 0,0028 00,0037 0.,0029 00,0043 00,0064 0.0025 0,0040) 0.0087 0,0028
5 0.0 0.0 0.0 0e0 1.0000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 040 00 0.0
6 0.0014 0.0036 040302 0.0062 0.0253 1.,0209 0,0034 0.00l2 00,0011 0.,0008 0,0008 0.0007 0,0038 0.0012 0.0009
7 00157 0.0129 0.0099 0.0139 0.0217 O;OKIC 1.0246 0.0120 0.0206 0.0112 0,019 0.0154 0,0866 00,0191 0.0198
s 0.1088 0.0749 000729 0,1053 0.0705 0.,0638 0.0914 1.1606 0.1011 0.,0532 0.1395 0.1059 0.106¢ 0,2006 0.1293
9 062597 041930 01798 001062 0.1399 041420 01717 001935 1.20060 0.09764 00,1866 0.2147 0.1584 D296 00,3120
10 001568 0.0877 0.0991 0.0652 0.073¢ 0,0912 041035 0.1004 0.1664 1,0988 0,1723 0.1520 0.108¢ 0,1653 0.2088
1 040182 0.0108 0.0128 0.0067 0.0089 0.0111 0.012% 0.0169 0,0164 0.0005 11,0873 0.0172 00,0117 0.0210 6€.0280
12 040513 000288 040345 00174 0.0237 0.0298 0.0334 0.0312 040429 0,020) 0,0372 11,0725 9.0207 09.0562 0.0756
13 041067 0.0798 000079 0.0538 0.069¢ 0.0037 0.0818 0.0763 0.1139 00,0663 06,1294 0.0997 J.0861 #.1200 0.135)
14 040149 0.,0099 0.0104 0.,0103 0,003 0.009 0,019) 0.059) 0.0212 0.,0178 0.0207 0.,0193 8.0226¢ 1.,02)) 10,0197
15 0e8878 0.5262 006297 003164 0:4316 056036 046095 0.5695 0.7814 03260 0.6T20 0.8412 0.5223 140208 11,3799

oL
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Table 7. Emmet County Input-Output Analysis Multipliers

Income
Sector Output Type I Type II

Agriculture & Forestry 1.45 1.42 1.96
Construction 1.23 1.26 1.74
Wood Products & Furniture

Manufacturing 1.28 1.30 1.79
Mining & Cement & Concrete

Products Manufacturing 1.38 1.72 2.37
Electrical & Transportation

Equipment Manufacturing 1.17 1.24 1.71
Primary Metal & Metal

Fabrication Manufacturing 1.09 1.09 1.50
Nondurables Manufacturing 1.14 1.14 1.57
Transportation, Communication

& Utilities : 1.27 1.33 1.84
Wholesale & Retail Trade 1.15 1.10 1.51
Finance, Insurance &

Real Estate 1.25 1.52 2.09
Lodging & Amusement Services 1.40 1.36 1.87
Medical Services 1.14 1.10 1.52
Other Services 1.28 1.15 1.58
Government Enterprises 1.30 1.15 1.58
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As a compromise between these extremes, it was decided to
use a section as the basic unit of land for this applica-
tion of the model to Emmet County. Recall from Chapter II
that any size parcel could be used and in fact size can
vary from parcel to parcel in a given analysis, but as the
number of parcels increases the problem to be solved either
by linear programming or by sorting, searching, and shift-
ing increases exponentially. The section as the basic
spatial unit resulted in approximately 500 parcels in Emmet
County which with a reasonable number of land use categor-
ies would yield a problem that could be handled by either
approach with the computational capacity then available.
The section as the basic parcel resulted in a degree of
spatial resolution which seemed appropriate for the devel-
opment and demonstrative purpose of the project.

Use of a fixed grid of square mile cells was consid-
ered, but it was felt that use of actual sections would
better facilitate data collection and compilation. Land
characteristic and resources data were taken from many
different maps which typically had section lines desig-
nated. Section areas, both total and land surface, were
determined from the photo based maps of the Emmet County
Soil Survey using the DATATIZER digitizer at the Michigan
State University Computer Center.

It was anticipated that many of the displays of inputs
to and results from the model would be in the form of

simple printer cell maps. The use of sections as parcels
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facilitated this type of display since they approximate a
grid of equal size cells. Conceivably, if more sophisti-
cated mapping hardware and software were available for
displaying inputs and results one would not need either
a grid or egqual parcel size. Definition of parcels
could be based on more appropriate considerations such
as homogeneity of resources, zoning, or ownership. Much
of the spatially indexed land characteristic and resource
data considered below was collected and compiled by or in
cooperation with the information systems component of the
regional project. See McRae and Shelton (1982) for a
description of the information systems component of the

regional project.

Land Use

There were two main sources of current land use data
for Emmet County. During the summer of 1978, an extensive
ground survey of all types of developments in the county
was conducted. This survey was a cooperative effort
between the Emmet County Department of Planning and Zoning
and this project. Every mile of rural road in the county
was traveled and every building, mineral development and
farm was plotted on a map and identified according to land
use category, e.g. residential, commercial, industrial, by
a local planner who was familiar with most of the county.

The second source of land use data for the county was

a series of aerial photographs flown in the summer of 1978.
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These photos were supplied by the Michigan Department of
Natural Resources and interpreted by the Michigan State
University Remote Sensing Project in conjunction with the
information systems component of the regional project. A
grid of ten acre cells was overlaid on each section of the
county and the dominant cover or use recorded for each
cell.

While each of these sources had its own deficiencies,
the two proved to be quite complementary. For example, the
ground survey did not record vegetative cover or recognize
associated extensive uses such as agriculture and forestry,
but vegetative cover by several different categories was
obtained from the aerial photos allowing estimates of area
in agricultural use. Conversely the approach of recording
dominant use in the ten-acre cell could not possibly
distinguish the numerous rural residences scattered
throughout the county, but every one of these was iden-
tified by the ground survey. Considerable time and effort
was spent in reconciling and combining data from these two
sources to yield final estimates of current area devoted to
each of eight land use categories for every section in the
county. The effect of number of land use categories on the
size of the linear programming problem or on the number of
shift possibilities in the heuristic programming approach
necessitates restraint in the number of such categories, so
although the land use data was originally collected with

some additional distinctions the following eight land use
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categories were finally designated for explicit considera-
tion in the model: agriculture, commercial, industrial,
mineral extraction, recreation, residential, recreation

residential, and forest and open.

Soils

Soil type and slope were considered key parcel charac-
teristics for determining productivity and suitability for
the various uses. Soil type and slope were recorded from

the photo based maps in the Soil Survey of Emmet County,

Michigan (USDA sSCs, 1973) by overlaying a grid of ten-acre
cells on each section. The dominant type and slope in each
ten-acre cell was recorded. The data were then keypunched
and the computer was used to tally the number of cells by
each type and slope for each parcel.

Factors indicating productivity of each soil type/
slope combination for the mix of crops produced in Emmet
County (as indicated in the 1974 Census of Agriculture)
were derived from a table of predicted average yields for
crops in the soil survey. The maximum predicted produc-
tion for each crop over all soils was used as the standard
for that crop (i.e. productivity equals 1.0) and for lower
levels of production proportional productivity was assumed.
For each soil type average productivity was then computed
from those proportions and weights reflecting crop mix. An
average productivity factor for each parcel was then

derived from soil type productivity factors weighted by the
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number of cells of each soil type in each parcel. Figure
5 displays the resulting agricultural productivity indexes
by parcels for Emmet County. Compare Figure 5 to Figure 6
which indicates current agricultural use.

A similar procedure was used to derive woodland pro-
ductivity factors by soil type and parcel based on a table
of "potential productivity ratings per acre per year for
woodland types" in the Emmet County soil survey (USDA SCS,
1973, p. 50). Resulting woodland productivity classes for
Emmet County are displayed in Figure 7. As would be
expected, there is a noticeable correlation between agri-

cultural and woodland productivity.

Travel Times

The importance of distance to some key location in
determining the value of a parcel of land in a given use
is one of the fundamentals of land economics. Indeed, the
roots of the concept of land rent can be traced to wvon
Thunen's simple isolated state model where concentric zones
of land use around a market center were determined by the
nature of the product and distance to that market (see
Barlowe, 1972, p. 35-37).

Just as the relative remoteness of Emmet County and
Northern Lower Michigan in general to existing major
regional markets and production centers affects the kinds
of establishments that can locate in the county, allocation

of land to uses within the county is affected by location
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with respect to existing establishments, infrastructure,
and resources. To reflect these kinds of influences travel
times from every parcel in the county to the major com-
mercial center, Petoskey, and to lesser commercial centers,
Harbor Springs, Mackinaw City, Pellston, Alanson, and
Cross Village were derived. Maps indicating travel times
along major roads my segments were provided by the State of
Michigan Department of Transportation. By interpolating
and extrapolating from these maps travel times for every
section of the county were estimated. Travel times to
commercial centers are displayed in Figure 8.

While obtaining travel times by parcel was not a
problem, Xnowing how to use them in deriving suitability
factors, e.g. assessing for a given use the impact on
expected rents of being two minutes from the.commercial
center versus ten minutes, was a substantial problem. It
must be admitted that the limitations in scope and resour-
ces for this project did not permit rigorous development of
this kind of relationship. Rather, for each use for which
it was felt that travel time was an important factor an
assumption was made as to the maximum impact this factor
would have on rent for that use and at what point, 1i.e.
travel time, this maximum impact would be reached. Inter-
polation between this maximum impact point and a zero
impact point at some minimal distance to the center was
used to derive factors for adjusting rents for intermediate

categories of travel times. Figure 9 shows these assumed
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relationships between impact on rent and travel times to
commercial centers for commercial, industrial and residen-
tial uses. For example Figure 9 indicates that, all other
things being equal, the rent for commercial use for a
parcel with a ten minute travel time to the nearest exist-
ing commercial center could be obtained by multiplying by a
factor of .6 the rent for a parcel at the commercial

center.

Zoning

Zoning is obviously an important variable for explicit
consideration in the model, not only because it reflects
existing legal limitations on productivity and/or suit-
ability of a parcel for a use, but also because it is the
most obvious tool available to planners and decision makers
for attempting to control future land use patterns.

Emmet County has a county wide zoning ordinance which
in some cases is superseded by township or city ordinances.
Maps 1indicating zones and the descriptions of those zones
for all of these ordinances were obtained from the Emmet
County Department of Planning and Zoning (Emmet County
Zoning Ordinance, 1977).

Zones were recorded from these maps by overlaying a
grid of ten-acre cells on each section of the county.
Areas by zones for each section were then used in conjunc-
tion with minimum lot sizes and allowable types of dwelling

units by zone to yield productivity factors for residential
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use for each section of the county.

Zoning could also be used through a feature of the
model which allows specifying maximum areas that can shift
from or to a given use in a given parcel. These con-
straints on maximum area shifting to a use could be based

on limited appropriate zoning for that use in a parcel.

Ownership

As with zoning, ownership has important implications
for the availability of a parcel for a given use. Owner-
ship data were collected from the 1975 Emmet County plat
book by overlaying a grid of ten-acre cells on each section
of the county. The following ownership categories were
recognized: private, private-subdivided, state forest,
state park, University of Michigan, village-city, other
public, and quasi-public.

Again the constraints on maximum area allowed to shift
from or to a given use in a given parcel were used to
reflect expected limitations imposed by ownership. For
example in a parcel well suited to residential development
but with all underdeveloped land in the state forest
ownership category, no area would be allowed to shift from
forest use to residential use unless the constraint was
relaxed during the course of the run to reflect a sale or
land exchange by the Department of Natural Resources.

Many other land characteristics were or could be

considered for explicit recognition in the land use model,
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indeed, some data for other characteristics than these
mentioned above were actually collected, e.g. scenic
viewpoints, present and planned sewer service and forest
type. That these other characteristics were not ultimately
used in the analysis reported here is more a reflection of
the limitations of this study (purpose, funds, and time)
than an assessment of the importance of these character-
istics in influencing land use shifts. Of course the most
serious limitation in actually using many of these other
factors, and indeed for some of the factors mentioned above
that were used, is the lack of documented empirical or
quantifiable theorectical relationships indicating the
effect of these factors on suitability of land for a given

use.



CHAPTER IV. RESULTS AND CONCLUSIONS

This chapter has three distinguishable but interdepen-
dent purposes. First, the results of some runs of the
model described in Chapter II, employing the data and
derivations from those data as described in Chapter I1I1I,
are presented. But these runs and results are considered,
at best, demonstrations of the model rather than serious
predictions of future land use in Emmet County. Such a
disclaimer leads to the second purpose of this chapter,
which is to acknowledge and consider in some detaii many
shortcomings of the model and its application in this study
to Emmet County. Finally, recognition of the continuing
problems with this model, or more generally this approach,
relates closely to other recent attempts at and literature
on land use modeling, as discussed in Chapter I, and leads
to some reflections on land use modeling in general and on
how experiences in the Emmet County study coincide with

those reported from other land use modeling efforts.

Emmet County Analyses and Results

Originally, a number of different runs of the model
were contemplated. Once the major model components are
initially constructed then a number of variables can be
changed with relative ease to yield different projections.
Likely candidates for alteration from run to run can be

grouped for convenience as policy control variables and

86
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variables for which input information is relatively un-
certain.

Policy control variables are those which reflect the
tools available to regional decision makers for actively
influencing economic and land use development. Included in
this class might be zoning regulations that are incorpor-
ated into the model through the geospecific indexes or con-
straints. Also included in this class could be public land
ownership and public facilities location decisions, again
implemented in the model through indexes and constraints,
as well as initial land uses. Although not strictly a
policy tool, the objective function could be included here
as a likely candidate for analysis because of its implica-
tions for policy.

There is a great deal of uncertain information, econ-
omic and geographic, comprising the data base for this
model. A common practice in modeling is sensitivity analy-
sis, which involves selecting variables for which there is
considerable uncertainty and varying those values to assess
the impacts on important output variables. Given the
number and levels of uncertainties in this model countless
analyses of this type could be envisioned, but perhaps no
variable, or more precisely vector of variables, is more
uncertain and at the same time more important to the model
than final demands. As explained previously, final demand
is the exogenous driver of the economic model, which in

turn drives the land requirements and allocation component.
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Obviously then, final demand is a prime candidate for
alteration from run to run.

It was initially intended to make a series of runs,
varying several of the variables mentioned above, i.e.
zoning, ownership, objective function, and final demand.
The first few runs of the model with the full data base,
however, cast doubt on the value of making many of the
other runs. These first runs involved different levels of
final demand, and perhaps the most notable result of these
runs is that even with very optimistic projections of the
future rate of economic growth in Emmet County, suitable
land and resources to support that growth is not revealed
to be constraining.

Following the reasoning presented in Chapter II, the
objective function for these analyses was a reflection of
after tax profit by sector derived from Internal Revenue
Service data (U.S. Treasury Dept., 1979 and U.S. Treasury
Dept., 1981).

The first run, which can be considered a base run,
was intended to reflect a conservative "business as
usual” scenario over the next fifteen years for Emmet
County. That is, the model was run with all of the
major variables and the structure of the economy held
constant over the time horizon, simulating current zoning
regulations, current public ownership patterns, and current
and planned public facilities and utilities. The major

input change from period to period in this run was a modest
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across the board increase in finai demands of five percent
per five year period. This rate of growth was based on the
most recent available Bureau of the Census projections for
population growth in Michigan, reasoning that much of these
final demands, e.g. export of intermediate products,
would be largely dependent on overall growth in the state.

The final demands and resulting gross outputs by
sector over time for this run are displayed in Table 8.
A general impression of changing land use over the projec-
tion period can be seen in the printer maps of Figure 10,
Figure 11, Figure 12, and Figure 13. In these maps
proportion of parcel area in developed uses (i.e. com-
mercial, industrial, and residential) is used as an index
to provide an overall impression of the trends in land use
over time. The divisions between intensity levels dis-
played on the maps are somewhat arbitrary and are simply
intended to provide some contrast between totally de-
veloped, less developed, and virtually undeveloped areas.
At this rate of economic growth not much change is detected
in this index over this series of maps. As would be
expected, thosé that do show movement from one category to
the next are in the southern portion of the county, near
current commercial and industrial centers and along major
transport routes.

The maps in Figure 14, Figure 15, Figure 16, Figure
17, and Figure 18 reveal changes in land allocated to

specific uses not revealed in the preceeding series of



Table 8. Initjal and Projected Final Demand and Gross Outputs for the First Run

(Thousands of Dollars)

Current Period 1 Period 2 Period 3
Final Gross Final Gross Final Gross Final Gross

Sector Demand Output Demand Output Demand Output Demand Output

Agriculture 1929 5495 2028 5784 2134 6087 2232 6366

Construction 20251 24215 21292 25490 22412 26831 23434 20055

Wood Products 2643 4105 2779 4321 2925 4548 3059 4756
Furniture Manufacture

Cement & Concrete 10551 13893 11093 14624 11676 15393 12209 16095
Products Manufacture

Electrical & Transportation 9441 9434 9930 9930 10452 10452 10929 10929
Equipment Manufacture

Primary Metal & Metal 3682 4331 871 4559 4075 4799 4261 5019
Fabrication

Nondurable Manufacture 3344 5979 3516 6294 3701 6625 3870 6928

Transportation, Utilities, 910 15670 956 16495 1007 17363 1053 18155
Communication

Wholesale & Retail Trade 11195 41610 11771 43800 12390 46104 12955 48207

Finance, Insurance & 4491 24487 4722 25776 4970 27132 5197 28369
Real Estate

Lodging & Amusement 7350 10279 7728 10820 8135 11389 8506 11909
Services

Medical Services 26465 33538 27826 35303 29289 37159 30625 38854

Other Services 3045 17320 3202 18232 3370 19190 3524 20066

Endogenous Government 346 2743 364 2887 383 3039 400 3177

Households 37174 116570 39085 122706 41141 129159 43017 135051

06
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maps. Again intensification of commercial use in or near
those parcels already containing significant commercial use
and increasing residential use in several parcels, predom-
inantly east and northeast of Petoskey and in the Harbor
Springs area are indicated and would be expected. A
somewhat striking absence of further development in other
parts of the county is suggested by this series of maps.
More will be said about this result in the next section.

Independent of the gquestion of distribution of
future development, an important result from this run
is that the total level of future development is such
as to not strain the supply of suitable land for any
of the various uses, at least to an extent that is detect-
able by this model in conjunction with this data base.
This leads to some serious questions about the effective-
ness of the model for its intended purpose, and these also
will be considered in the following section. It also leads
to the question of whether such a result holds true for
substantially higher rates of economic growth.

It is not difficult to justify consideration of
higher rates of economic growth for Emmet County. First of
all, in the last two decades Emmet County has had a higher
population growth rate than Michigan in general. Secondly,
but more importantly, historic real economic growth in the
United States has been much higher than population growth
rates. Following this reasoning, a second run was executed

with final demands established in order to result in gross
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output growth rates that approximate the costant dollar
growth in contribution to gross domestic product by sector
during the 1970's. The real economic growth rate had been
about 3.4 percent per year or about 18 percent per five
year period (based on data from the U.S. Dept. of Commerce,
Bureau of Economic Analysis reported in the Economic Report
of the President, 1981, p. 245) as opposed to the five
percent per five year period used for the first run. So
economic growth and corresponding land use requirements are
substantially higher for this second run.

The final demands and resulting gross outputs by
sector from this second run are shown in Table 9. Again
proportion of parcel area in developed uses is used as an
index to indicate overall land use trends in the printer
maps of Figure 19, Figure 20, and Figure 21 for this run.
Again, increased developed use east and northeast of
Petoskey is indicated, but is even more pronounced, and
contrary to the previous run, by the third period (Figure
21) noticeable development also occurs south and west of
Petoskey, in Harbor Springs, and north along Highway 31 at
Pellston, Levering, Paradise Lake, and Mackinaw City.

Projected changes in commercial use are displayed
in Figure 22. The pattern observed reflects the overall
development trends seen in the preceeding series of fig-
ures, with most of the increase occurring in and around
Petoskey but with some also in Harbor Springs, north along

Highway 31, and even some, perhaps questionably, in Cross



Table 9. Projected Final Demands and Qronl Outputs for the Second Run

(Thousands of Dollars)

Period 1 Period 2 Period 3
Final Gross Final Gross Final Gross

Sector Demand Output Demand Output Demand OGutput

Agriculture 1929 5953 1929 6515 1929 7213

Construction 20251 25060 20251 26088 20251 27376

Wood Products 2935 4530 3238 4980 3567 5480
Furniture Manufacture

Cement & Concrete 11677 15330 12919 16911 14279 18622
Products Manufacture

Electrical & Transportation 11783 11783 14717 14717 18382 18382
Equipment Manufacture

Primary Metal & Metal 4041 4804 4433 5326 4857 5909
Fabrication

Nondurable Manufacture 3920 7071 4590 8375 5366 9938

Transportation, Utilities, 2549 19639 4742 24699 7634 31135
Communication

Wholesale & Retail Trade 15257 49681 20210 59532 26258 71617

FPinance, Insurance & 7597 30499 11666 38133 16946 47816
Real Estate .

Lodging & Amusement 9120 12504 11301 15233 13974 18582
Services

Medical Bervices 32696 40778 40361 49643 49736 60495

Other Services 4804 21212 7058 26075 9099 32153

Endogenous Government 346 3234 346 3846 346 4613

Households 3174 131280 3N 149295 37174 171494

o1
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Village. Figure 23 displays projected changes in resi-
dential wuse, indicating increases west and south of
Petoskey, as well within the town itself, east and north to
Harbor Springs, and northeast along the highway. Given the
industrial park at Pellston and current locations of
industrial use, the projected increases in industrial use
shown in Figure 24 seem reasonable, except perhaps for that
at Levering. Projected increases in agricultural use are
are shown in Figure 25 and should be compared to the map of
soil productivity for agricultural use of Figure 6 in
Chapter III. Notice in Figure 25 that no shifts out of
agricultural use occur, indicating that additional area
needed for other uses over time through this run is
coming out of the forest and open category. Figure 26
shows projected changes in seasonal home land use for this
run.

Again, even with these very optimistic assumptions
about economic growth, suitable land is not revealed to
be constraining for any use. However, potential for
intensification of what might be conflicting uses within
close proximity is suggested by the individual use maps of
Figure 22, Figqure 23, and Figure 24. Central and south
central Petoskey (column 9, rows 30, 31, and 32) is
indicated as an area that is likely to experience inten-
sified commercial, residential, and industrial use.

Since neither of these first two runs encountered con-

straints due to insufficient suitable area, a final run was
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set up largely as a demonstration of how the model reacts
when suitable land does become constraining.

When this study began, it was suggested that Emmet
County's rich resource base had potential for alleviating
some persistent economic disparities. Timber is one
resource in the county that is substantially underutilized
according to a Michigan Department of Natural Resources
study (Pfeifer and Spencer). The scenario for this third
run involved increasing the wood products industry to the
point of full utilization of the timber producing potential
of the current 182,700 acres of commercial forest land in
the county. The DNR study also provided an estimate of the
sustainable annual harvest from that commercial forest
landg.

Final demands for this run were the same as for the
second run, except for the wood products sector whose final
demands were increased so that by the third period gross
~output for that sector would be such that requirements for
timber producing forest land would exceed availability of
suitable land. A crude assumption about the current use by
the wood products sector of timber from within versus
timber from outside of Emmet County was made based on
ratios of forest based employment and timber harvests for
the county and for the United States (USDA Forest Service,

1980). An assumption was made that future increases in the
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wood products sector would be entirely dependent on in-
creased timber production within the county. This assump-
tion implies a changing ratio of wood products sector gross
output dollars to acres required for timber production
within the county, and so was simulated by increasing the
appropriate land use requirements coefficient each period
through the run. That coefficient was calculated on the
basis of sufficient acreage to provide on a sustained yield
basigs the annual harvests implied by the level of wood
products sector gross output.

Figure 27 shows a map of the index of developed use
for the third period of this run. When compared to the
corresponding map for the second run (Figure 21) the only
noticeable difference is lower levels of developed use in
some of the parcels south of Petoskey. The maps of Figure
28 , Figure 29, Figure 30, and Figure 31 reflect the
expanding and intensifying use of forest land for timber
production through time in this run in terms of proportion
of parcel area devoted to timber production.

Table 10 shows the final demands and implied gross
outputs for the wood products sector by period that were
inputs for this run. Table 11 shows final demand inputs
and implied (unconstrained) gross outputs versus the
constrained final demands and outputs by sector for the
third period of this run. Notice that only the wood
products sector 1is constrained by resources from meeting

the projected maximum final demand, but gross output for
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Table 10. Final Demand Inputs and Implied Gross Outputs
for the Wood Products Sector in the Third Run
(Thousands of Dollars)

Final Gross

Period Demand Output
1 3383 5053
2 4330 6255

3 5542 7786
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Table 1l1. Unconstrained and Constrained Final Demands and
Gross Outputs for Period 3, Run 3 (Thousands of

Dollars)
Unconstrained Constrained
Final Gross Final Gross
Sector Demand Output Demand Output
Agriculture 1929 7270 1929 7249
Construction 20251 27409 20251 27397
Wood Products 5542 7786 4805 6926
Furniture
Manufacture
Cement & Concrete 14279 18667 14279 18665
Products
Manufacture
Electrical & 18382 18382 18382 18382
Transportation
Equipment
Manufacture
Primary Metal & 4857 5969 4857 5947
Metal Fabrication
Nondurable 5366 9958 5366 9950
Manufacture
Transportation, 7634 31279 7634 31225
Utilities,
Communication
Wholesale & Retail 26258 71973 26258 71840
Trade
Finance, Insurance 16946 48012 16946 47939
& Real Estate
Lodging & Amusement 13974 18608 13974 18598
Services
Medical Services 49736 60563 49736 60538
Other Services 9909 32287 9909 32237
Endogenous 346 4633 364 4626
Government

Households 37174 172738 37174 172274
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several sectors is reduced due to the interaction of those

sectors with the wood products sector.

Problems With the Model and Application

Examining the overall land use trends as reflected
in the series of maps of levels of total developed use,
e.g. compare Figure 10 to Figure 21, one might be satisfied
that projected land use patterns from the model are some-
what reasonable. One does not have to look too closely,
however, before certain problems with these projections
become apparent. Compare the projected changes in com-
mercial use from the second run in Figure 22 to the pro-
jected changes in residential use in Figure 23. Expanded
residential use 1is largely concentrated in ..nd around
Petoskey and Harbor Springs with some at Mackinaw City.
Increased commercial use also occurs predominantly in the
Petoskey and Harbor Springs areas, but with notice-
able changes in several towns along Highway 31 and even in
Cross Village on Highway 131 in the northwest portion of
the county. It is reasonable to be suspicious of the
projected intensifying commercial use where there is
little or no projected increase in residential use.

This is just one example of an inconsistency in
the results from the model, but it relates to several
known deficiencies in the model in its current form,
and many other inconsistencies could no doubt be found

under close examination of these runs or in other types
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of runs. It is appropriate to consider these defi-
ciencies, not only to acknowledge the current limita-
tions of the model and these results but also to identify
those areas in which further study is needed.

The dilemma of the simultaneous importance and
uncertainty of final demand projections has already
been mentioned. This, of course, is not exclusive to
this mecdel, in fact it pervades not only land use modeling
in general but much of economic planning and modeling.
Of importance is not just total final demand but how demand
from a number of different exogenous categories is allo-
cated among various endogenous categories over time, which
compounds the uncertainties. When this study began it was
intended that a serious attempt be made to lessen this
problem, but this was one of several goals that was pared
as study resources became limiting and as the scope of the
task became appreciated. A more analytical basis, if no
more credibility, could have been added by employing
shift-share analysis to arrive at final demand projec-
tions. Shift-share analysis relies on time trends in
national production by sector, as was used in the second
run reported here, but also considers the recent trend in
share of those sectoral totals for the region in question.
This has for some time been a commonly applied technique
for exogenous demand forecasts, but its validity has long

been questioned. It is argued that the observed changes in
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regional share are somewhat volatile and therefore unsuit-
able for this purpose and perhaps less reliable than simply
using the national trends alone (Kuehn, 1974). Also the
regional share is essentially a residual which includes all
of the error. So for this analysis, sets of final demands
with minimal rationale behind them were used, being con-
sidered suitable for demonstration purposes though not
serious forecasts, and all that can be claimed is that a
wide range of economic growth was considered.

As mentioned previously, a surprising result of
the first two runs, given this range of final demands
and given the original impetus for the regional pro-
ject, i.e. concern over the possibility of critical
land use conflicts, was that lack of suitable area for
any use in either run was not detected. Either the
original premise of scarcity of suitable land to satisfy
all competing uses or the ability of this model with this
data base to detect relevant scarcity and conflict must be
questioned. In fact, for Emmet County, there is probably
basis for both of the doubts expressed above, i.e. for
Emmet County there may not be the major impending conflicts
that loom for other areas in the region or nation where
initial use intensity and prospects for future growth are
higher, but also there are definitely deficiencies in the
current model that may prevent the detection of some of the
problems that are in the future for Emmet County.

A major problem with this model, or more precisely
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this application, may be referred to as the resolution
problem. A resolution problem is not inherent in the
model, but for any given application, as discussed in
Chapter III, 1levels of spatial, sectoral, temporal, and
land use resolution or aggregation must be chosen, usually
to a large degree before data collection is begun. The
degree of resolution in all of these areas can affect the
ability of the resulting model to identify use conflicts
and constraints arising from lack of suitable 1land.
Problems related to resolution often stem from the effects
of averaging differing traits or levels of some variable
over a defined class or unit to come up with a single value
to represent that unit. That single average value for the
unit (e.g. one coefficient to relate to broad sectors in
an input-output model, an average soil suitability for a
large parcel, or one coefficient to reflect land use
requirements of a sector for a broadly defined land use
category) often does not adequately reflect the impact of
the variablility of that factor within the unit.

The rationale for the spatial resolution used in
this study, i.e. one section parcels, was presented in
Chapter III, and though the rationale is still valid,
the choice was not without adverse effects. Ideally,
the chosen spatial resolution allows defining parcels
based on homogeneity of important traits, but from a
practical standpoint the number of different traits

considered and the limitations on total number of parcels
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may result in parcels that are not homogeneous for even one
of those traits.

Soil, terrain, and water frontage are but a few
examples of factors which may not be homogeneous over a
parcel but whose implications for suitability for certain
land uses can not be adequately reflected by an average
value for the parcel. For example a parcel could be rated
suitable for some recreational use or seasonal homes
because of the presence of undeveloped water front, but
without additional constraints the entire area of the
parcel would be treated as though it were suitable even
though only a portion of the area is actually adjacent to
the water. A parcel homogenous with respect to this trait
could be defined by a narrow corridor along the water
front, and as mentioned previously such an irregular parcel
could be handled by the model.

Water front recreation also provides an example of
the resolution problem with respect to land use classi-
fication in the Emmet County application. As explained
in Chapter III, for this study eight land use categories
were used, one of which was a "recreational lands" cate-
gory. This one category includes everything from the water
front oriented parks near Petoskey to the ski areas to the
wild lands of Wilderness State Park. At this point the
model does not distinguish between these substantially
different recreation resources, and so does not address a

likely future, if not current, land use problem in Emmet
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County, i.e. available, suitable waterfront for public
recreation.

The spatial resolution problem is closely related
to another serious problem with the current model, which
may be referred to as the intraregional allocation or
distribution problem. One aspect of this problem is seen
in the tendency of the model to allocate all of the
increase in area for a use in a period to a single parcel,
subject of course to the availability of suitable land in
that parcel. This is a natural result of the algorithm
which deterministically allocates increased use require-
ments to the parcel with the highest rent differential for
a shift to that use.

Again because of large parcel size and the impli-
cit assumption of homogeneity within any one use category
within that parcel, a relatively large portion of a given
parcel would be treated as though all of it yielded the
same rent differential from a certain shift, while over
that portion of the parcel a range of suitabilities,
productivities, and conversion costs actually exist result-
ing in a wide range of rent differentials. More reasonable
projected patterns of land use would result if part of any
increase in a use requirement were spread over a number of
parcels, taking advantage of the high end of that range of
differentials, rather than all being concentrated in a
single parcel. To reduce the effects of this problem,

but certainly not solving it, constraints on the maximum
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area in any parcel that can shift to any use in any one
period were employed. More theoretically appealing solu-
tions to this problem can be envisioned, for example an
"interregional" approach to the economic component could be
used to yield land use requirements by subregions in the
county, thus spreading at least to some degree projected
increases in different uses without increasing the number
of parcels. The practicality of such an approach is,
however, certainly questionable. Of course the problem
could be alleviated with smaller parcels but with the
resulting costs of many more parcels.

Another problem with the current application that
relates directly to the inability of the model to detect
deficiencies of suitable land is the exclusion of conver-
sion costs in these runs. In Chapter II cost of convert-
ing land from one use to another is acknowledged as an
important component of the rent differential equation for
identifying and ranking possible land use shifts, and the
model can account for conversion costs, but as with a
number of variables, as resources for the study became
limiting and as the difficulty of determining such costs on
a parcel by parcel basis was realized, it was decided to
exclude conversion costs from these initial analyses
(except as noted for the third run).

Even had conversion costs been explicitly included,
with the current spatial resolution it is doubtful that

their effects could have been adequately modeled. The
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average conversion cost for a shift from one use to another
would apply to all of the area in the current use in a
given parcel, but again because of the heterogeneity of
other factors (e.g. terrain, access, vegetation) that
average cost would understate true costs for part of the
area while overstating costs for other parts. The shift
would appear to be either profitable or unprofitable for
the entire area. The real effects of conversion costs
could only be reflected if the spatial resolution allowed
delineation of these kinds of differences.

While it was suggested that several of the problems
mentioned above could account for the model's failure to
detect suitable land deficiencies, other problems with the
current model would tend to have the opposite effect by
overstating land use requirements. As mentioned in Chapter
IV, the land use requirements coefficients were based on
current area by land use, current gross outputs by sector,
and some specific land use information from the input-
output survey. In other words existing average ratios of
acres by use to dollars of gross output by sector were
used. These ratios were used with awareness of the dangers
in their use, i.e. that these average ratios may not
closely approximate current or future marginal ratios and
their use implicitly assumes current utilization at full
capacity. That this is a serious problem can probably be
appreciated by considering the historic increases 1in

output relative to land input as observed in agriculture.
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The land use requirements coefficients could be made ﬁo
vary from period to period through a rumn, but a better
basis for determining initial marginal ratios and how they
would be likely to change over time is needed.

A similar, but perhaps even more serious problem, is
the static nature of the input-output technical coeffici-
ents. Instability in technical coefficients and especially
in interregional trade coefficients has long been consid-
ered in the input-output modeling literature, but little in
the way of practical remedies have been offered. Again,
there would be no particular mechanical problem in varying
these coefficients from period to period if it was possible
to project how they should change. The importance of this
problem to the analyses discussed above can be understood
by considering the record of increasing labor efficiency
over the years. For the second run the average rate of
real economic growth during the 1970's was used as the
basis for future levels of final demands, and it was noted
that real economic growth had been much higher than popula-
tion growth. This disparity in growth rates is evidence of
the fallacy of stable coefficients for the households
sector and suggests that the residential land use require-
ments projections are overstated. The relevance of con-
cerns about unstable trade coefficients for this kind of
analysis was seen in the third run, where one of the major
assumptions was changing relative dependence of.the wood

products sector on timber from within versus timber from
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outside of Emmet County. The model does not currently
explicitly recognize or constrain interregional trade, so
this changing relationship had to be approximated by some
ad hoc changes in a land use requirements coefficient
through the run. More explicit recognition of inter-~
regional trade could be added and would represent a sub-
stantial improvement, and agaih, the coefficients could
vary between periods where there was a basis for such
projections, but interregional trade data are very diffi-
cult to obtain.

The current nondynamic nature of another set of
coefficients may seem to be an even more serious defic-
iency. Late in the study a conscious decision was made
to employ static rather than dynamic suitability and
productivity indexes. Although this may seem to seriously
violate the intent of the simulation, there was a rationale
for the decision. It was realized that the real limitation
in the indexing process was not the mechanics or software
for updating the indexes from period to period through the
run, but in the index submodels and composites themselves,
i.e. in defining the relationship between the various
parcel attributes and parcel suitability and productivity
for a use. While it would have taken considerable effort
to program for dynamic indexing, little would have been
gained given the admittedly crude state of the suitability
and productivity submodels. In most cases, given the

simple submodels currently being employed, dynamic indexing
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would simply have reinforced the effects of the current
approach. Dynamic indexing should definitely be added to
the model if serious projections are to be made, but
improving the indexing submodels is an even more fundamen-
tal need at this point. This indexing process is really a
key to the model and the current deficiencies contribute to
the intraregional allocation problem mentioned above, since
through their contribution to rents the indexes are the
basis for allocation over space. Although it would be a
step backward with respect to incorporating a behavioral
basis in the model, there could conceivably be a geo-
specific land use model without the economic component of
this model, simply relying on exogenous statements of areas
required by use over time, but without the indexing pro-
cess, or something similar, there could not be a geo-

specific land use model.

Reflections on Land Use Modeling

The preceding section dealt with a number of specific
problems with the current model and its application to
Emmet County, but there are a number of more general
impressions from this experience that should be consid-
ered. These impressions are worth considering as cautions
or guidance for subsequent research, but they are also of
interest because they corroborate conclusions from previous
land use modeling efforts.

The preceding section gave considerable attention to
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the resolution problem, especially the problem associated
with relatively gross spatial resolution, but there is an
opposing perspective on the issue of resolution that must
not be neglected. This study involved a constant struggle
between an urge to increase detail in order to adequately
handle the micro-level effects of importance and the need
to limit scope and resolution so that any progress could
be made toward the macro-level goals of the study. At
times the data gathering, processing, and error checking
requirements seemed overwhelming, and finer spatial resolu-
tion would have compounded the problem. Of course the
Emmet County study was not the first land use modeling
effort to encounter this problem. Underestimating time and
cost of data collection and manipulation was one of the
serious technical problems identified by Voelker (1975) in
the Oak Ridge National Laboratory's Regional Environmental
Systems Analysis (RESA) program, as mentioned in Chapter I
of this thesis. This experience suggests the need for and
should help provide understanding of the enormity of the
data compilation task for this kind of research but also
has implications for the practicality of routine, opera-
tional use of this kind of system by a planning agency.
Development, modification, and use of such a system may not
be infeasible, but it is costly, and these costs should be
appreciated before the fact.

Despite the above remarks, the data compilation task

was not a negative experience. The exposure to such a
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variety of data variablés and sources was extremely valu-
able. Several data handling methods and programs (e.g.
routines for aggregating, mapping, and debugging) were
developed and should be of at least limited usefulness
beyond this study.

A pervasive theme in the literature evaluating land
use modeling is that model developers more often than not
have unrealistic expectations for their models. There are
often unrealistic expectations and corresponding claims for
the capabilities of the models, and there are unrealistic
expectations for the acceptance of models by planners.
Certainly this observation applied to the Emmet County
effort, especially in the initial stages. These types of
unrealistic expectations are addressed by both Voelker
(1975) and Pack (1979).

Associated with the unrealistic expectations with
respect to model capability is the often cited problem
cf lack of land use theory or at least lack of explanatory
power in the theory that does exist. Again this problem
was experienced first hand in this study and relates to the
discussion in the preceding section of the crude state of
the indexing submodels. This study did at least attempt to
incorporate some theory into the model with its concern for
rents and its inclusion of the input-output linear program-
ming model. This would seem to be a step forward from what
Pack identifies as the mechanical models of the past that

lacked a behavioral basis for location decisions.
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Even if the £first type of unrealistic expectation,
i.e. resulting from limited predictive capability, was not
as common as it is, the second type of unrealistig expecta-
tion would still occur frequently, i.e. planners in general
or a "client" planning agency in particular would still be
much more reluctant to embrace a model than the modeler
would expect. Pack's survey results indicate that model
adoption does not seem to depend on model quality but on
personal factors such as the presence or absence of model
or quantitatively oriented people in the planning agency.
As it is, given the very real limits of model capabilites
and the notoriety that past overly optimistic claims have
achieved, the reluctance on the part of planners to accept
models is understandable. Again this study provided first
hand experience with these kinds of attitudes.

A corollary to identifying the 1lack of explanatory
power in current land use theory as perhaps the main
factor limiting the capability of these models for reliable
and reasonable land use projections, is the conclusion
that model software is not the most pressing need. This is
another common conclusion in the land use modeling evalua-
tions and again was independently realized in the Emmet
County study. This is not to suggest that the software
development in this study was not necessary for the pur-
poses of this study, but it must be acknowledged, as it was
in the preceeding section, that theoretical and empirical

model development and the data on which to base that
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development are more pressing needs than computer code to
implement existing conceptual models.

A lengthy, but certainly not exhaustive, compilation
of problems with the current model and application has been
provided. The intent is not, however, to present a predom-
inantly negative picture of this experience. Some of the
very things that made the experience soméwhat frustrating
and less than totally successful, e.g. the comprehensive-
ness of data requirements, have also made it extremely
valuable educationally. Also, suggestions for future
research in this area can be distilled from this experi-
ence, a few of which are summarized below.

Probably the greatest weakness in the current model
and application is in the area of the indexing submodels
for adjusting rents based on attributes of the specific
parcel. Empirically estimated, theoretically based multi-
variate models that relate value in use to observable
attributes of parcels are needed. The requirement of a
theoretical basis is meant to imply that the submodels can
to some extent (at least in identification of relevant
variables and perhaps equation forms and rough orders of
magnitude for coefficients) be transferred with calibration
to other regions.

Despite a fairly careful rationale for the resclution
decisions made in this study, resolution problems are
pervasive in explaining limitations of this effort. The

levels of land use, economic, and spatial aggregation all
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presented certain difficulties. The restrictions on
resolution were felt necessary because of what turned out
to be somewhat artificial restrictions on computer capac-
ity. If a similar analysis is to be undertaken in the
future greater disaggregation of land use categories and of
land parcels (either through irregularly shaped, variable
sized parcels or many more smaller parcels) should be em-
ployed to alleviate some of the problems mentioned above.

Related to the discussion of the preceding paragraph,
rather artifical computing limitations were also largely
responsible for the early abandonment of the large scale,
spatially disaggregated linear programming approach to land
use models. This approach is now perceived to be more of a
promising avenue than it was previously. The 1linear
program formulations of Chapter II or variations on them
could be applied to a region, and because proven solution
techniques and software could be used, proportionately more
time could be spent on data collection, submodel develop-
ment and analysis than was possible in this study.

It is strongly recommended that future research of
this kind be done in close conjunction with a client
planning agency in the study region that is truly inter-
ested in the entire concept, i.e. application of the 1land
use model, rather than merely in isolated parts or products
of the study.

The importance of final demand projections in driving

the land use model has been mentioned several times, and



137

current limitations in arriving at reliable final demand
predictions have been acknowledged. While the importance
of and current weakness in this area should not be mini-
mized, the need for and scope of such research certainly
goes far beyond the context of land use modeling. If
progress in land use modeling had to wait for a definitive,
concensus answer to the exogenous demand problem it would
be waiting a long time. The implication is a need for
being resolved to the fact that the product of land use
modeling is and will continue to be projections rather than
predictions or forecasts. The consolation being that land
use models can reflect whatever projections or forecasts of
exogenous variables are available and provide the only
means for a comprehensive, detailed analysis of their
impacts.

This attempt at understanding and modeling this whole
has identified or at least emphasized many holes in the
process, perhaps more vividly than any alternative approach
could have. The filling of these holes with better infor-
mation and models through additional research would take
time but could eventually lead to a practical, useful, and

needed tool.
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MAIN DATE = diuel 19751707

PFCTRIN) = PRODUCTIVITY FALTOKS THAT CORKESFOND TO PHODUCTIVITY INDERES
SFCTRIN) = SUITABILITY FACIORS THAT CORRESPUND TO SUITABILITY INNDEXES
CFCTHIN) 3 CONVERSIUN COST ADJUSTMENT FACTONS THAY CORRESPOND TO

CONVERSIUN COST INUEXES

FILE DEFINITIONS:

10

20

30
80

S0

6u

170 UnjIT

2
]

e

10
1
12

13
le

18
17

HUN CONTHRUL AND FINAL DEMANDS INPUT

STANDARD ULUTPUT DEVICE FOR PrINTEL KEPOKTS & TRACKING
FILE OF MaAxIMUR AREA SHIFT CUNSTHAINTS (AMXSFT(IsJ})
INFUT FILE FOK NUMBER OF INODEX CLASSES AND FOR REAL
FACTURS CUKRESPUNDING TO INUECAES

UNSORTED FILE UF PUSITIVE RENT DIFFEHENTIAL LAND USE
SHIFT POSSIBILITIES

ENFUT FILE UF CURKENT LAND USE BY PARCEL AT BEGINNING
OF RUN

SONTED FILE OF USE SHIFT POSSIBILITVIES

INFUT FILE FOk PRODCUTIVITYe SUITABILITYs & CONVERSION
COSY INDEXES

FILE OF MIN[{MUM AREA CUNSTHAINTS BY PARCEL aND LAND USE
FILE OF ACCUMULATED SHIFTS TUu A USE IN A GIVEN PARCEL
MITHIN THE CUNRENT PERIOD = UUTPUT & INPUT FROM SHIFT
RUUT INE

i8 - ECONOMIC MUDEL COEFFICIENTSe leEs I=09ALURQG9OBJIETC,
20 - OUTPUT FILE = AREA BY USE By PARCEL FOR EACH PERIOD

REwWIND 2
REwinD 2}
NLUCX=y
IPRL=0
Carl INITL
IPrD=]PRD*]
IFLGSQ
ICOUNT=Q
WRITE(6+1000) 1PRD
00 20 IslenNStC
FDO(L)=FONL])
CUNT INUE
READ(202000) (FON(I)oIm]eNSEC)
CaLL IusLy
IF INLUCKX+EWs0] GO TO &0
CALL LPSLY
CONT INVE
00 S0 Is)sM.UC
NUSE(]) =]
MUSE(l) =]
CUNTINUE
NLUCXSNLUC
NLuCZanLuC
JCUUNT=1COUNT »}
CALL INKN
IF (NLINE LEUWL0r GU TU &>
CALL HNTYRT

PAGE 0002
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FURIRAN Lv 6]

0030
ou3l
0032
0033
003+
0v3s
0036
0037
[ Tk]
0039

0040
004l

0062
0043
0044
0045
a0eb
0067
0048

FURTRAN Iv 6]

ovul
0002

0003
0004
0005

0006
0007
0Quy
voo%
volo
0011
vul2

RELEASE

65

o8
v
80

[}

8]

OO0 O

4000
4500
1000
2000
3000

HELEASE

2.0 MAIN DATE = 8304} 19/51/07

CaLL SHIFT

IF (IFLG.EQ.0) GO TO B0

IF (JCUOUNT oEUNCOUNT) LU TV 70
CALL LPkNT

IF (NLUCZ.NE<0O} GO TO 60

DU 68 us)eNLUC

IFWUFCTIJ) «6T,.0) WRITE(6y3000) J
CUNT INUE

CalL LPSLY

CONTINUE

CALL 1INDs

CALL PRPKETS

IF {IPHUCLT «NPRD) GO TU 10

CaLL FurklIs

REWIND 123

KEAD(]1394000+END=82}) 1013
WRITE(6+4500) 1013

GO 10 ol

CONTINUE

FURMAT (33A64)

FOHRAT (12 +33A4)
FORMAT (1l s 10Xy "PERIOD %4913}
FURNAT(10FB.0) :
FORMAT (/7% INSUFFICIENT SULTABLE AREA FUW USEYs]&)
sTuP

END

200 InITL DATE = 830s] 19/51/707

SUBKOUTINE INITL
COMMON/UNVHRSL/ CUSE (925¢10) o ACAL (15) o ACHU(15) sOFCT (15) +RANTS(20) o
1 ACULLS) s TACHS (525) sUMRSF T (15) s NLUC o NPAHoNL INE « ITHAS 9 XGU(ST) »

2 FUNI20)FOUL20) sNSECUSCHT o IERL 2 JER2s FECHO L+ IECHOZ2sNPRDy

3 IPRU IPDLOT o INVFLGe IFLGe TACU JOPTUSNLUCK s ACKUMN(]5) o

& NUSE(1D) oLFLE¢NCUUNT o ICOUNT o ISFLGINLUCZ 9MUSE {19) oDFCTHUR 11S) 0
5 WNTA(]S)

[sXa¥aXal

10
1000
2000

ThiS HOUTINE INITIATES HUN CUNTROL PANAMETERSs FINAL DEMAND
VECTONy AND CURRENT LAND USE ARRAY,.

REWIND 2

REwInD 12

HEAD (29 1000) NPHD ¢ IPDLGT oNSECoNLUC o NP AR JIECHU] ¢ JECHOZ2+ 10PTU

1 FTMXSoNCOUNT sDSCRT o (FDN{(I) e 1m3oNSEC)
V0 10 Ix)eNPaR
HEAD{1Z2+2000) (CUSE{[eJ)eJdsleNLUC)
CONTINUE

FURMAT (J0l5¢F5.0/{10FB.0))

FORMAT (5).98F6,40)

RE TUNN

[ 1T]
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FURIRAN LV O]

suvul
ouoe
0003
Guos
6oo0%
0006

voo?
0008
0009
oule
voll
oule
uoll
6016

FURTRAN 1V G}

vool
o002

0003

0004
000S
oooue
0007
0008
0u0s
ocio
oull

FORTHRAN v Gl

ovol
ouvoe
0003

00U4

ugos
0006
auo?
0008

KELEASE

2e0 HNTSKI LATE = B304)

HBUBKOUT fHE RNTSHT

DIMENSLUN FLLS(T) sKECUHT)
CATERNAL FHURToSRTINeSKTOUT
UATA LS/72074LKH/726/4LCORZ100000/

UATA FLULG/Y SORY¢'T FLTo'ELDS® o= (790,100 'CHeD¢*)

19751/07

v

OATA HECD/® HEC o PORHD Yo' TYPE Yo ¥aF oL V9 PENGT V9 ' 1im] 30402 o/

c
€ TniS ROUTINE CALLS THE 1oM SURT/mMEROE’ INTERFACE RUUTINES FROM THE
€ UNIVe OF VICTURIAs BoCe FORCE PACKAGE.

C
HEwIND }1
AtdInd 13
CALL SURTD(FLDS+LS+HECD oL HsLCURsSRT INeSHTOUT)
ENUFILE 13
REwIND 1)
REwIND )3
Nt TURN
EnD
KELEASE dell SHTIN DATE = B830e]
SUBKUUT ENE SKRTIN(IADDKy IKET)
DIMENSION At33)
[
€ INPUT FUR SURT/MERGE INTEKFACE
Cc
NNs )32
c Call GET{11lsasNN)
c IF tnn) 20910910
READ(119i000ENDS20) A
10 CALL ADDR{A¢IADDR)
Intf=)2
HE TURN
20 [ntTap
1000 FURMAT (J3A8)
HE TURN
EnD
HELEASE 2.0 SHTOUT UATE = 82061
SUBROUTINE SHTUUT (A INET)
OIMENSEION A(33)
OATA NN/s)32/7
c
€ OUTPUT FON SORT/MERGE INTERFACE
[
IF{IRET~8) 20410010
C lu CALL PUl(13sa¢NN)

10 WwRITE(]13+1000) A
1000 FURMAT (33A6)
20 NETURN

[ X1V}

19751707

19751707

PAGE 0001
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FORTRAN JV O]

vool
oove

0003
ouoe
0005
Guoe
0007

o008

0009
0ul0

00ll
0012

HELEASE 240 PRPRTS DATE = 830s] 19751707

OOOn

SUBHUUT INE PRIRTS

CUMMUN/UNVHSLZ CUSE(%25610) 9ACAL(15) sACKUW(15) sUFCT(15) oRNTS(20) 0
1 ACULLS) o TACKS (52S) s UMXSF T (15) sNLUCoNPAeNLINE s ITHASI KGO (57) s

2 FON(20) oFDU(20) oNSECsDSCHT s IERL o 1ER29 IeCHOL 9 IR CHU2 o NPRD

3 IPMUs LPOLUT s INVFLO IFLG TACU» JUPTUSNLUCK s ACHUNMN(]1S5) o

& NUSE(LS9) o LFLGoNCOUNT ¢ ICUUNT 9 ESFLGoNLUCZoeMUSE (15) o DFCTHX (15) ¢

5 RNTALLS)

THIS ROUTINE WRITES REPOMTS AT EnND OF EACH PERIVUD = LIST OF ACHES
B8Y USE BY PAMCEL aAND TOTALS

WRITE(20+4000) ((CUSE(lod) o) oNLUC) e TACKS (1} s 1=}y NPAR)

4000 FOHMAT(dFbeloFHel)

WHITE(IOPTUS1000) IFRD, (Jsus]leNLUC)

WRITE(IUPTUS2000) (1o lCUSELTeJ) eds] oNLUC) ¢TACRS (1) 0 I3l oNPAR)
WRITE (10PTU93000) (ACULJD susLoNLUC) o TACU» (ACAL (U} pJsloNLUC) o
1 (ACRULJ) gdsLoNLUC)

1000 FOXMATULINLI/Z/Z/10Ke*PERIODY913/7/742X¢ YACTUAL ACKES ALLOCATED?®s
1

* FHOM PARCELS TU USES1//63Xs"USES//79X s SPARCELS 94Xy
P’ B8I9e8RetTOTALY/)

2000 FURMAT(9X11598X98F9:1F1201)
3000 FOMMAT(/* TUTAL ACTUAL ACHES®/? ALLOCATED TO USES®.4Xy

1 BF9e19F12e177/7% LOEAL ACRES ALLOCATED'sbF9.1//
2 ¢ JOEAL ACRES REQUIRED *,8F9.])

RETURN .

END

PAGE 0001
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FORTRAN 1V GI

wool
ouo2

0003

0004
000S
U006
ovor

aoo08
0009
0yl0
0ull
w12
0013
a0l1e
0uls
g0le
0017
ool8

0019
0020
0021
ovz2e
"0023
0026
0025
0u26
oue?
0028
0029
ov30
0031
0032
0033
0uls
o0u3s
0036
0037
ou3n

HELEASE Zev TusLy VATE = y3usl 19751707

SUBKOUTINE JOSLV

CUMMON/ZUNVRSL/ CULE(525010) s ACAL (15) ¢ ACRUTLS) sDFCT (15) oRNTS(20) 0
1 ACULLS) o TACRS (525) s UMKST T {19) oNLUC +NPARINL INE » 1 THAS o XGO (ST ) o

¢ FUN(20U) oFLUUL20) oHSECoDSCRT o TEH L9 IEHZ9 IECHOL » IECHUZ29NPRD

3 1PHD o IPDLOT s INVFLGe IF LG TACUS TOPTUSNLUCA s ACHUMNL kD) »

& NUSE(19) oLFLOYNCUUNT ¢ ICOUNT s ISFLGoNLUCLIMUSE (15) 9DFCTMX (150 »

5 NNTX{15)

WHE AL *d ALOL20+20) o AIMALZ0020) o WKAREALD) o

1 ALURU(19¢20) 90BJU«20) oFFCTHI20) 2B8(2042)

TrIS KOUTINE SULVES YHE UNCONSTRAINED INPUT=QUTPUT MODEL FOR

C
[
C O
C Pt
[
5555
10
20
[

[

USS UUTPUTS TO SATESFY THE FINAL DEMAND PHUJECTIONS FOR THE CURRENT
HIVDs THEN SOLVES FOR ACRES REWUIHED AND RENTS BY USE.

WHITE (695555) IPRUNLUCINSECNPAR
FUnMAT(*uln JOSLV44]15)
NEwIND o
MEAD (18010000 CCATO(1ed) oUsLoNSEC) o I=1onSEC) o ( (ALURQ(]oJ) s
1 J=LeNSEC) o I=]) oNLUC) 9 {UBU(J) s Ju) oNSEC) o (FFCTHIJ) o B Lo NSEC)
Llouy=7
la=go
MM
00 20 1s1sNSEC
DO 10 J=loNSEC
AIMALTod)m=AlU3LLeJ)
1F (1.EWed) AIMALLsJ)=]o=ALOILo )
CONT INVE
uilsL)=FDNL])
8(1e2)uFUOLII®FFCIRIT)
CONT INUE

CALL TO IMSL SIMULTANEOUS EWUATION SOLVING NOUTINE TO SOLVE 1-0 MODEL

30

S0

52

k]

CALL LEUTIF (AIMA»mMsNSECeIAsB 9 1DGT owKAKEAIEK])
wrhlTE(6+2000) 1EN]
D0 30 Is)LeNSEC
XG0 =8 (Ie])
CUNT INUE
00 6y Is)NLUC
ACHULL) =0,
ACRUMN L) =0
SURSQ.
DO 0 J=1oNSEC
ACHU (1) =X60 () *ALURU Ty J) *ACRU{T)
ACHUMN (1) 3B (ue2) ®ALURU(] o) *ACHUMN(])
IF (ALUKU(19dJ) «GTale) SUXESOR*0BJ (J) *RGO (S}
CONTINUE
IFLACKHU(])=04) 5545552
RNTX () =SUR/ZACHU(])
KNTSE1D)arnNIX(])
bu TU 60
HNISUL) =0,
RnTALL) =0,
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FORTIHAN LIV 6)

[T
V040
dual
[T Y]
0Usd
0044
Uu4S
[TTY]
0067

KELEADE

o0

1000
{11
Joov
%000

2ol fosLy DATE = 83041

CUNTINUE
W (TE(6e0000) (AGO(I)oI=1eNSEL)
W lTEC(O93000) (ACRQ(1)oHNIS(I}sI=1enLUC)
FUMMAT (L IFSe0)
FORMAT (Z1URs *ILER]L 3 2413/)
FORMAT /77 (10XeFl2e24F12+5))
FURMAT(/7/5R0 1TFTL.0/)
HETUKRN
Enu

19/51/07
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HURTRAN IV L]

vool
ovoe

ovol

000e
0eosS
0uos

0007
0008

v0o9
pul0
0011
ovie
0013
0Cle
(1131}
0016
ou17

00)8
ool9

0v20
ouel
ouee
vv2l
vuze
0u2s
TPy
voer
Uuco

0uz9
0u30
o3l

0032
0033

KELEASE 2eu LPSLY DATE = v30el 19751707

SUBKUUT INE LPSLV

CURMUNZUNYROLY/Z CUSE (599 10D o ACAL (15) o ALRLLLS) o UFCTULS) 4RNTS (200 s
1 ACU(]19) o TACKS (925) sUMASFT L]15) s NLUC o NPARINL INE o ITMASe XGU(5T) »

¢ FUN(20) oFOUCZ20) oNSECIDSURT ¢ JERT o TENZe 1ECHOL ¢ TECHOZ ¢ NPHD

3 IFnDs lPOLOT s INVFLGs IFLGe TACU» JOPTUSNLUCK s ACHOMNE]S) o

L) NU?E:lbloLFLG.NCOUNT.lCUUNT-lbfLG-NLUCloHUSE(lSloUFC'HX(lblo

5 knTallY)

REAL®*Y AIUL20020) oA (ST e20) oB(5T) 9ULBJIL20) +BB(HT) sALURRIL1Se20)
1 DoUL(9T) eH (20700 2ULLS) sAFCIN()S) oFFCTHIZ20) ¢ X (ST)

THIS HOUTINE SULVES THE 1-0 MUDEL wiTH LANU USE AREA CONSTRAINTS
HINDING

aonn

UINMENSTION [w(130)
HEWIND 18
READ(1891000) C(LATO(R o) o JZ) oNSEC) ¢ IZ1 oNSEC) o ( LALURQ (T 9 J) s UL 9 NSEC
1 Jolms)oNLUC) 9 (0BU(I) o tB) sNOSEC) o (FFCTR(U) s UB1oNSEC) »
2 (AFCTR(I) s Im]eNLUC)
WRITE(64955%4) JPRU¢NLUCINSEC o NMAR
9555 FUNMAT(10IN LPSLV's41%)

C
C SET uUP 1-0 AND ANEA CONSTHALINIS
C
U0 15 Is).NSEC
DU 10 J=leNSEC
AtTed)a=Al011sd)
IF (] o€Wad) Alled)Bla=AfU(]pJ)
ALLONSECe)m=A(]10d)
10 CUNT INut:
B{I)=FONLT)
BINSECe 1) u=FDOLI)*FFCTR(])
15 CONT INUE
c DU 30 Ks}aNLUCX
LU 30 I=1.NLUC
LEaNSECeNLEC ]
[ 13MUSE (K)
[ I13KeNSEC*NSEC
DO 20 J=)4NSEC.
AtLlod)2ALURG(I+d)
20 CONTINUE
IF (IFLG=0) 22922024
a2 BLIL1)SACAL (1) ®AFCTHLT)
60 T9 30
24 oillisACAL (]}
30 CONTINUE
Ltk}i=0
[ M1aNSECONSECHNLUCK
M1aNSECONSECPNLUC
M2=gp
{assT

SUOLVE [-0/LFP wiTH IMSL LP KOUTINE

Oonon

CALL ZX3LP(AvIAsBoOBJIINSECoM] 9M2o0BIVeNsDSOL sims IWe IER])
U0 40 Is=]lanSEC

PAGE 0001
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FUNTRAN IV U]

QU3
0035
0036
0037
o038
0039
DLy ]
0uel
oLe2
0043
0044
0045
0046
0UaT
0U48
0049
0U%0
0051
[I'ET4
00%3
[IT-1%
0055
0056
o0usT
0054
0059
060
dvel
0062
0063
Q06e
ouves
(TIT.1.]
00s?
0068
wwes
o070
voTl

HELEASE 200

AU
40 Cu
WHIT
uo

aC

SO

50
IF

LPsby DATE = HB3uel 19751707

otIr=x(l)

N1 jnUE

E{602000) lERLsVBIYYV

o0 I=]l.nluC

KQ(l)=0.

A=20e

DU 50 Js)eNSEC

ACRULT) =XGO(J) *ALURG (T s J) sACKQ(])
IF CLALURU (L od) oGT oUe) SUASSOX*OHJ (J)*RGALJ)
CONT INUE

(ACRULI)=0.) 55959052

S HNTS (1) =S0R/7ACRUCT)
60 Tu 60
55 HNTS (L)} =0,

(11} col
IF

70

90
91 CONT
wRifl
1000 FURM
2000 FOKM
3000 FOKM

NT INUE

(IFLULLT.0) GO TO 91

DO 70 I=)eM)

CLIRSE IR )

CONT INUVE

00 80 Ks]lsNLUCX

1=NUSE (K}

II=NSECeNSEC+]

BE(Il)aACRU(]) -],

CALL ZX3LP{A+IA2BBs0bJINSECoM] sM2908UV e XeDSOL s Jue IER])
ButiDabll)

IF(DSOL (I1) «GTRNTS (1) e AND ¢ JERLLES 70) WNTS()=OSOL (T}
WRITEL642000) 1ERL.0BJYV

CUNT 1NUE

00 90 I=lshLUC

RANTR (I =RNTS (1)

CONT INUE

INUE

E£(69300C) (XGO(R) o 1=1oNSEC) e L1sACRU{I) ¢HNTS (1) e]lm)eNLUC)
ATLTFS.0)

ATL/SKe ' IERL 3 4{5//5As%0J VALUE = 04F12.2)
AT$2705501TFTe0//7 159 I59FB8.1¢F12.4))

HE TuRk

(1]
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FORTRAN Qv 6]

woel
vou2

0003

ULoe
(T3]
0006
0007
0008

0009
0010
001l
oule
ovi3
vole
ouls
ovle
oulT
(137}
oul9
0020
0021
ovz2
Qu23
0024
oues
ou2e
ooz?
oves
0029
0030
0031

0032
0033
0034
0u3s

KELEASE cev LPRNT DATE = b3uvel 19751707

SUBHUUTINE LPRNT

CUMMUNZUNVRSL/ CUSE (5259100 oACAL (15) o ACHUWILS) sDFCTU15) 4KNTS(20) 0
1 ACU{15) o TACKHS 1529 s UMASET (15) ¢ NLUCoNPAReNL INE » ITMAS ¢ XGO(ST) o

¢ FUNL20) oFDU(20) eNSECsDSCHT o JTEML 9 IEHZ JECHO1 » IECHO2 s NPRD

3 1PROG IPOLGT + INVFLGo IFLGe TACUs LOFTUSNLUCK o ACHOMN(]S) o
& NUSE (19) sLFLGeNCUUNT ¢ ICOUNT o EISFLGoNLUCZaMUSE (15) o DFCTHX (15) o
9 RANTALS)

HEAL®S RUHT) oA (ST o200 9B (5T) sUBJ(20) »dB IST) oKW (2070) ¢

1 DSOLIST) sALURQ(15+20) 9ALUL20020) sV (15) oFFCTR (20}

THIS ROUTINE SOLVES I-0/LP FUKR RENTS WHEN AREAS FOR SOME USES ARE
CONSTHAINING.

(a2 X2 Xsk2]

UDIMENSIUN Iw(150)
WRITE(695595%] 1PRDYNLUCyNSECyNPAR
95559 FURMAT L' 0IN LPKNT?5415)
REwIND 18
HEAD (1oed000F ((ATOLI o) oJm oNSEC) o In)onSEC) o { (ALUKGLT o) »
1 JB)¢NSEC) 1] yNLUC) ¢ (O8I (J) ¢ UsLeNSEC) o (FFCTR{J) 9 U331 ¢oNSEC)

c
C SET UP [=0 AND AREA CONSTHAINTS
[

DO 15 I3)eNSEC
U0 10 J=1,NSEC
AllsJ)==AT0(I+d)
IF(1eEWed) Allsd)Ble=AlOtIvd)
AllonSECsU)m=a(led)
10 CONT INUE
si(])sFDNL])
BUIONSEC) =-FDO (L) *FFCTRLL)
15 CONTINUE
M1=NSECeNSECNLUC
MZsg
IasS7
00 25 Is).NLuC
11aNSECeNSECe]
B(1)sACAL ()
DO 20 Js])yNSEC
AlLLoJ)SALURQ(TvJ)
20 CONT INVE
a% CONT INUE
IEx)=0
WRITE(2294000) (C(A(TsJd) oJnlyNSEC) s8I e]nlelD)
WHITE(22+6000) (XGO(L)2I=)sNSEC)
6000 FONMAT()TFT.0)

C

C SULVE J=0/LP wiTH JMSL ROUTINE
CALL 2X3LP(AsIA+Bo0BUINSECIML oM2o0BJIVeX9DS0L oRW e IWe IER])
WRITE(6e5000) x

S000 FURMAT (1Xe10F1040}

4000 FORMAT(1Ke)1TFT4eFTo0)

C
C COMPUTE ACHRES ALLOCATED 1O USES IMPLIED INN LP SOLUTION
[~

PAGE 000])
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FONTHAN IV U]

0030
on37
ouis
0039
0040
0usl
00a2

0043
V0es
[T'T%-}
0086
00a7
0048
00«9
0uso
ousl
w052
[ Th-X ]
0054
0UsSS
0058
0057
[ DEY ]
V059
el
0061
0062
0063
006
006%
0066
voe?
uues
0069
Qu70
Qurl
ooT2
0073
0074

KELEASE ¢et LPHNT VATE = HB3usl

[z a N RaXaNel

v
35

U0 3% J=sleNuC

Jili=0,.
OO 30 u=]sNSEC
11anSECeNSECe
ulllau(lrealilsdinx(J)
CUNT INUE

CONE INVE

19751707

IDENTIFY SLACK AND DEFECIT UStS = SET FLAGY AND ASSIGN HENTS ACCORDINGLY

SET UP CONSTHAINTS ON mMAAENUM AKEA DEFICIEnNCIES ALLUWED BY USE
FOn NEXT WOQUND UF SHIFTY

43

45

b

50

o
ro00
2000

NLUCKSy
NLUCZEY

0V 5¢ 1$ksNLUC

1F (ACALSI) «6T,ACROLL)) GU T0 &b
NLUCKENBUCK ® )

NUSE (NLUCK) =]
IFCACAL L) «61.0CD)) GO Tu 45
IFIUCE) EQACHUMN(I) ] GU TO &3
NLUCZsNLUCZ )

MUSE (NLUC2) 3]

L1sNSECONSEC]

KNIS(I)=sLSOL DD
IFIRNTS L) oLTANTX (1)) RNTSE]) sRNTR(])
DFCTMR (I} mACRU (T ) =ACKGMN{])

GO Tu S0

NLUCZENLUCZ )

MUSE (MLUCZ) =)
DFCTRAtE)snCRQLI)=UL])
HNTS (1) SRNTX (D)

60 1o SO

NLUCZ=NLUC )

MUSE (MLUCZ) =]

unES([)=,00000)

OFCTMa(l)=0.

IF(UE1) o6TuACRQII) )} OFCTMX(I)=ACRQ(I)=UL])
CONT INVE

WRITELD93000) KNTS
FORMAT (UF 9.5
FURMAT(1TF50)
FORMAT (/710X +15¢3%XsF)0e103XoF1l2a493X9F12e295X415)
RETUKRN
En0
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-OMTHAN LV G)

0001
oun2
¢ood
quués
Q005
vooe
0007
0vo8

NELEASE cev

SUHRUUTINE 18N
REwIND 10
RewlinND 14

CaiLL InlTs

CALL KNICMB
ENDFILE 1)

HE TUNN

ENU

UATE = d30e]

6v1



FORTRAN 1V GI

000l
vou2

0003

vuoe
0005
0006
[LXiNg
0008

voo9

00140
oull
ovl2
ovl3

0014
0015
vuleée
0017
ovle

oul9
0020
ozl
ouee
ouzy
0024

oues
ov2é
0027
(1P ]
0029
0030

KELEASE 240 INITS DATE = 83061 19751707

lalaNaNaXs)

n
cu
Fl

SUBNUUTINE INITS

COMMONZUNYHSLZ CUSE(525¢10) o ACAL (15) ¢ ACHU(15) sDFCT (15) o WNTS(20) o
1 ACULLID) o TACHS (525) sDMASFT (15) oNLUL sNPAreNL INE s 1 THAS o RGO (S5T) s

2 FUINL20) oFUULZ20) oNSECsUBCRT o [EHL » TERZ9 bECHO) ¢ IECHOZe NPRD

3 IPRUSLPDLG I o INVFLGy JFLGe TACUy IUPTUSNLUCAS ACHUNNI(]15) o
& NUSELLD) s LELGoNCUUNT o JCOUNT 9 1SFLGoNLUCLeMUSE (15) sUFCTHMX(15)
5 RNIX(15)

COMMUNZ INTHNT/Z IPHIX(925210) 2 I1SUIX(52%e10) s ICVIX(225910) s

1 PFCTR(SU) +5PCTRITS) oCFCTRIS0) ¢NCLS(1590) o CYNCST (159 )5)

IS MOUTINE ENLITIALIZES PHODUCTIVITYe SULTABILITYs AND CONVERSION
ST INDICES AND FACTORS FOM CREATION OF SnIFTS POSSIBILITIES
LE.

wHITE(695555) IPROSNLUCINSECoNPAK

5595 FURMAT(*OIN INETS?saln)

[ ¥aXs XNyl

(22X alz a2 Na]

READ(1001020) (INCLS(IsJ)els]leNLUC) ed=]eI)
HEADU1091030) (DMASFT (L) s I=]lenLUC)
READ(Reol050) (C(IPRIRC(TIoJ) ou=) oNLUC) s ISUIX (Led) odm) oNLUC) ¢
I} (ICVIR(IoU) suz)sNLUC) s Il onPaNR)
READ(1001000) ((CVYNCST(1sJ)edx=leNLUC) s Is)eNLUC)
WRETE(0e55595) JPRD¢NLUCyNSEC I NPAN
0V S I=).NLUC
00 S5 u=leNLUC
CVNCST (19U)=0,

S5 CUNT INUE

SE
su

20
30

NCLS(1,4) =)

NCLS L »5) =)

NCLS{1e0) =]}

NNanLUC=)

WHLITE (6+5555) IPHUNLUCINSECeNPAR

T UP FACTOH ARRAY KEYS ACCOMDING TO THE NUMBEKR OF PROUUCTIVITY,
ITABILITYs UR CUNVERSIUN COST CATEGOWIES FUR EACH USE

DO 10 I=lsNN
NCLSULe)o0)anNCLS(Iea) oNCLSELe]))
NCLS (1) oS)ISNCLS(145)ONCLS(142)
NCLS(Ie1+0)=NCLS(146) *NCLS([,3)
CONT INUE
WRITE (69s5555) IPRUINLUCINSECoNPAR
MNIaNCLS (MLUC o} *NCLSINLUL 1) =)
READ{LU,1070) (PFCTR(1)sI=)eNN])
NN2BNCLS (MLUCsS) +NCLSINLUC2) =)
REAV()0¢1070) (SFCTR(I)eIs]ohng)
NNSENCLS (MLUCs6) *NCLS{NLUCs3) =]
READ(1Us1070) (CFCTR(1I)oIs])yNNI)
WRITELOe5959) IPRD¢NLUCINSECINPAR
00 30 [=)enPAR
TACHS () =0,
DO 20 JsleNLUC
TACKS{I)=TACHS (] ) ¢CUSE([sJ)
CONTINUE
CONT INUE

FAGE 000])

0og1



runinan lv 61

0031
0032
0033
ou3e
4a3s
0036
0037

oc3s
ouie
6040
0041}
oue2
0043
0084

HELEASE 2.0 INITS OATE = 83vel

OO

SUM JDEAL ACRES ALLUCATED TO USES BY MULTIrFLYING ACTUAL ACRES BY THE

PRUDUCTIVITY FACTOR FON THE USE OVER ALL PARCELS

o0
S0

1020
1030
10%0
1000
1070

V0 59 J=leNLUC
ACAL (J) =0,
DO 40 1slsNPAR
IPNSNCLS (Je ) ¢IPRIX(1sJ) =)
ACAL $ ) mACAL 1J) *CUSE (15 J) *PFCTH(]PN)
CONTINUE
CONT INUE
WHITE(69535%5) JPRO+NLUCINSECINFAR
FOXMAT (2412)
FURMAT (10Fg. ()
FORMAT (L0X92¢12)
FORMAT (BF10.0)
FORMAT (JUFB. 0}
KRETURN
Enp

19/%1/07
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FORTRAN IV G]

000l
0002

6003

0004

0005
aooe
o007
0008
0009
Quia
o00l}
0012
oul3
00l
0015
oulé
oulL?
0018
0019
0020
oozl
dued
0023
ou2e
002%
0026
0027
ou28
ouey
(kD]
0031
o032
0uv33
0034
00135
wbae
0u3?
0038
0039

MEL

(2 XaXaXaXaXaNaXa el nl

EASE 2.0 HNTCHl UATE = H30e1 19751707

SUBRUUTINE HNTCwHb

CUMMUNZUNVIHSL/ CUSE (525910) s ACAL(15) ¢ ACRU(15) sUFCT(15) sRNTS(20) e
1 ACULLS) o TACKS (92%) sDMASFT(15) sNLUCyNFARINLINE 9 1THXS s XGO(S5T) s
2 FONL20) oFUUC20) oNSECIDSURTyTERLI o JIER20 IECHOL ¢ IECHOZ2 oNPRD

3 IPRO IPOLGT o INVFLG IFLGy TACUs JUPTUSNLUCK s ACROMN(]15)
& NUSE(15) sLFLGeNCOUNT ¢ ICOUNT 9 JSFLGeNLUCLoMUSE (15) oUFCTHR(1S) o
S RNTRL)5)

COMMON/ INTRNTZ IPRIZ(525+00) o ISULA(525+20) o ICVIR(52%+10) 9

1 PFCTRI50) o SFCTRITS) o CHCTHISO) oNCLS (150063 o CYNCOHT(15915)
DIMENSION IPHCL 1525) » ICHBF (36)

THES HOUTINE CHEATES A FILE OF POSSIHLE USE SHIFTS FROM USE J TO
USt Ju WHICH KESULT IN PUSSITIVE RENT OIFFEENTIALS. SHIFTS ARE
CONSIDERED FOw ALL USES uu FOK wniChn THERE IS CURKENTLY INSUFFICIENT
AKEA ALLUCATEL AND FHOM USES J FRUM wHICH 3HIFTS ARE ALLOWED. EACH
HECURD OF TrlS FILE INDICATES YHOSE PARCELS wHICH FOR A GIVEN SHIFT
(J TY JJ) HAVE TOENTICAL PROLUCTIVITYe SUITABILLITYs AND CONVERSION
CusT INDEXES FOR THE USES INVULVED AND SO HESULT IN THE SAME

KENT OLFFERENT JAL.

WRITE(695555) [PRDyNLUCINSECoNPAR
5555 FURMAT (01N RNTCHEY 94 1Y)
REwlND )}
NNC= 34
NLINESY
UG 100 JUmleNLUCZ
JaMUSE (JU)
NSENCLS (e 2)
NPSNCLS(Je])
DO 95 1S=]4NS
1S1sNCLS (JpD) ¢ [S=)
DO 90 1P=1¢NP
IPL3HCLS (Jod) *IP~]
RNTSLBRNTS(J) *SFCTRCISI) *PFCTR(IPY)
00 20 I=}e500
IPHCLILT) =0
20 CONTY INUE
NPRCnO
D0 30 Is]oNPANR
IF (CUSE (1eJ) etus0s) GO TOU 30
IFCISUIX{TeJ)eNEL1IS) GO TO 30
IFULIPRIX (1 eJd)} oNEoIP) 6O TO 30
NPHCaNPRCe )
IPHCL (NFRC) =]
30 CunT INUE
LF INPHC.EQ.0) GO TU 90
U0 80 KJ=leNLUCX
JJZNUSE (KJ)
IF (JU.EQeJ) GV TU dO
NNSENCLS (JUJe 2)
NNH2NCLS (JJe ))
D0 TS T1S=14NNS
1923NCLS {JdebH) ¢) [5-]
00 70 IIr=)ysNNe
IFZ2ZNCLS (JUea) ¢l k=]

PAGE 0001
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FURTRAN v Gi

0Us0
0041l
0062
oueld
00ss
0045
0040
0047
0048
0049
[ D1
0051
ous2
(DL}
005
0059

00%6
0057
0o0s8
00%9
0060
ovel
voe2
gue3l
0064

0065
0006
0067
[T1]
0069
0070
0071
0072
0073
ou7s
0075
0076

HELEASE

(3]

54

55

59

70
75
80
9
95
100

de¥

RNTCmd DATE = 83041 19751707

HNTS2a3RNTS (U *SFCTHEIS2) *PFCTRILPZ)
NATDF 3 {IRNTS2=KNTS 1) ZOSCRT = CVNCHT LusJJ)
IF (RNFUF sz ebe) GO TU TO

00 65 Li=le3s

ICneF {Il) =0

CUNTINUE

NC=Uy

DC 60 I=)oeNPHC

IPRC=IPHCL(L])

IF (ISUTA (1PRCeJJU) eNESIIS) GU TO b0
1IF (IPRIRCIPRCoUU) oNE o 1 EP) LU TOD 00
NCENCe])

IF{NCsLTe34) GO TU %5
1CHEF (NC) s IPKC

GU TO o0

WRITE(LLs1U00) JJeJsPFCTRILIP2) oPFCTRIIF]L) oRNTDF ¢ NNCo
(1CHBF (LK) oLK= ] 9 NNC)

N(C=0

NLINEsNL INEe]

DO 59 IL=)e3e

ICHBF (IL )=y

CUNT INUL

GO TU 5S¢

CONT INUE

1IF{NC.EQ.0) GO TU 70
WHITE(L) 410000 GJedsPFCTRIIF2) sPFCTRLIPL) o KNTOF ¢NCs
(ICHUF (LK) +LK=]¢NC)
NLINESNLINE»]
CONE [NUE
CONY {NUE
CONTENUE

CUNT INUE
CUONTINUVE
CONT INUE
WRITE (692000) NLINE
1000 FORMAT (21302F5e3¢F10e3+1393413)
2000 FORMAT (10X *NLLINE = 9]16)

RETURN
ENV

PAGE 0002
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rURTRAN

ool
ouue

0003
0004
0c05S

ouoe
0007
0009
4009
o010

[T B}
ovl2
0013
001s
0015
ovle
oul?
ovl8

0019
0020
0021
0022
0023
ulce
0025

av2e
over
0028
oue9
0030
0v3l
0032

v L}

KELELASE

c
[
c
C
c
[
9555
[
C 500
(4
c
C 550
C
e
3
c
c
11
12
.
C
c
5
6
[
[

€el snled

SUBHUUT INE SRHIFT

CUNMMUNZUNVESLZ CUSE (5259 100 ¢ALAL (15) s ACRR (151 UFCT (15 sRNTS(20) s

DATE = B3vel

1951707

1 ACULID) o TACKHS (525) sUMXSFT119) oNLUCINPARINL INE s ITMAS s XGO (ST ) o
€ FUNC20) oFLUL20) oNSECsDSCHT o lEnl o IERZy 1ECHO) ¢ JECHOZ s NFND o

3 IPRD g IFULGT o INVFLG 1FLLe TACUS JUFTUSNLUCK s ACHUMNIL9) o

& NUSELLS) oLFLGeNCUUNT 3 LICOUNT o 1SFLGINLUCLIMUSE (15) »UFCTHX (15) ¢

ERGUIFERE-1)

CUMMUN/SHE 1T/ ACMIN(S25010) s AMASET (529010) 9 ASHFT (5¢5410)

OIMENSIUN 1CHBF (34)410]131033)
DATA 1bUuF7u/

UNITE (045595) 1FPRDyNLUCNSEC sNPAK
FOrMATL00M SHIFTY,415)
REWIND L6
HEwinD 8
KEwIND )3
IF (166F .EU.0) GO Tu 590
READ{13+6000+ENDRSS0) JO13
WnlTE(6s000)) 1013
G0 T0 S00
lduesl
IF LIRPD.EQ.3) WRITE(Gs2000) JBUG
IFANLINE<ELIs0) GO TO IS
00 3 Jsl¢nNLUuC
LU 2 In)oNPAR
ASHFT (LeJd)ule
CONT INUE
CONT INUE
IF (IFLG.EQ.0) 60 TO 12
REwIND 7
1duGs2
IF LIRPDLEQ.I) wRITE(695000) 1BLUG
REAOD(179800+ENDSI2) 1o JsASHFT(Ie W)
60 T0 11
CONT INUE
V0 4 J=)oNLUC
DFCT{Jd) sACHQ (J) =~ACAL (J)
1F (UFCT(J) oGTe0s) [FLGE]
CUNT INUE
18uGs )y
IF (IRPUEW.3) wRITE(0:5000) lbub
IFLIFLOSNEC]) 60 TU To
V0 6 [s].NPAR
DO 9 Jm]leNLUC
ACMIN(Lod) =0,
AMKSFT (19d) aDMXSF T (J)
CUNT INUE
CUNT INUE
IBuG=s
LFU{IRPUEQI) wHITE(G95000} Ioub

ThiS KUUTINE SEARCHES Tht SORIED SHIFTS PUSSIBILITIES FILE AND SHIFTS
ACKES TO USES THAT MAVE UNMETY REUULIRKEMENTS. CONSTRAINTS ON MINIMUM
ANEA BY USE Y PARCEL AMD CUNSTHAINTS ON THE MAXIMUM AREA TO SHIFY

TO A USE In A GIVEN PAnCeL IN A SINGLE PERIOD. ARE RECOGNIZED.

PAGE
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FUNTRAN Iv 61

w3l
ou3e
0035
00386
0037

0038
0039
0040

00s)

0062
0043
0064
0045
0040
oueT
0048
0049
0050
ou51
0052

0053
0054
0055
ouse
0057

0058
0059

0060
o6l
0062
0063
0064
0065
P TT-1
0007

00068
0u69
0070
0071

NELEASE 20 SHIFT DATE = 8304]) 19751707

an

a0 o0

c
[
[
c

on

T READ (B YUUIENDEB) IoJeAMXSFT(LeJ)
W T0 7
8 HEADCLI6sS00eENDED) 1edoACHINIIJ)
60 0 &
9 IT20
Toug=y
IF {IRPUEWI) WRITE(6+5000) IBUG
1u 1TalTe)
KEWIND 13
L=y
1bUG=0
IFLIRPD£Ge3) wRITE{6+5000) IbUG
15 LsLe])
louGs2o
IF (10GF eEVel) WRITE{(Gs5000) JBUG
READ(1301000) IUNe IUOsPFNoPFOIRNTUF oNEe CICHBF (L) e ImloNE)
IF{DOFCTLIUN)=0.) 16s16420
16 IF{L.LTNLINE) 6O TO 15
G0 TU %0
20 IF(DFCT(IUQ) «GE.DFCTMXLIUO)) GO TO )&
K=0
25 KsKe)
IPHCs I CMeF (K)
AVAC=CUSE { IPRCy JUO) =ACHIN(IFPRCy JUO)
IF (AVAC) 45,445,206
20 ASFTUSAMASFT{IPRCe IUN)~ASHF T (IPRCy JUN)
TouG=l}
IF(IBGF EUel) WRITE(5+5000) IBUG
IF (AVACGT o ASFTD) AVAC=ASFID
DOAsDFCTHA L1U0) =DFCT (iuD)
AVACPSAVAC®*PFO
IF (AVACP.GT.UDX) AVAC=DDUX/PFO
ADFsDFCT ( IUN) ~AVACEPFN
IF(IPRDEQe2) WRITE(649%000) 1To1UNs JUOSUFCT(IUN) oDFCT{IUO)»
& IPRCoCUSE (IPRCo 1UN) o CUSE (1FPRCo JUO) s ACHLINTIPRCo 1UO) 0 AVACS
& DUNsAVACPsPFOSPFN
9000 FORMAT ()X 431292FBelel9e0FH.)02F0.3)
IF(ADF=0.) 30930040
30 OFCY{IUN)sUFCT(IUN) /PFN
18u6=)2
IF{IBGF EQ.]1) WRITE(6+5000) lBUG
CUSE CIPHC o JUN) SsCUSE L 1PRCy EUN) +UFCTLIUN)
ASHFT (IPRCo LUN) mASHFT {IPRCo IUN) +DFCT (TUN)
ASRFT{1PKCo JUOI 3ASHF T LIFRC TUUD =DFCY (TUN)
CUSE (IPKHC » IUD) =CUSE ({ [PRC ¢ JUO)=DFCT { TUN)
DFCT(IV0) sDFCT LIVU) *DFCT (IUN) SPFO
DFCY(IuN) =0,
60 10 %0
40 CUSE (IPHCe IUN) sCUSE ( IFHCe IUN) *AVAC

[ ldue=13
< IF(IBGF oEUel) WHITE(6+5000) IHUG

ASHFT L1PHCo IUN) SASHFT { IPHC s TUN) vAVAC
ASHF T (EPKCo IUO) SASHFT ( IPKCH 1UU) =AVAC
CUSE LIPRCe IUU) sCUSE ( IPRC JUO) =AVAC
DFCT (1uN) =ADF

PAGE 0002
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FURTWRAN v G1

ovoul
ovoz2

ovo3
avus -
0005
0006
0007
0008
0009
0010

HELEASE 2.0 CNSTKC DATE = ©Bius] 19751707

SUBHOUTINE CNSTRC
CUMMONZUNVHSLZ CUSE (525010) s ACAL L19) o ALNUALS) sLECT (LD} ¢ RNTS{20) 0
1 ACUL19) ¢ TACHSIS25) +UMXSFT (15) o NLUCoNPAR oML ENE ¢ LIMAS s XGO(ST) »
¢ FUNL2U) oFUU L20) oNSECIUSLHT o It k) o TERZ IECHO L s TECHUZ o NPHDy
3 LEHD IPDLOT s INVELGy IFLGo TACU» TUPTUSNLUCKs ACRGMN(]1S) o
& NUSE(19) sLFLGyNCOUNT o JCOUNT 9 ISFLGeNLUCLsMUSE (15 s UFCTMA(]1%)
S WivIXELS)
ARLITEL6e5955) IPRDoNLUC +NSECNFAN
5555 FUNMAT(*OIN CNSTRC's415)
DU )]0 J=)sNLUC
IFGOFCT{1) eGTele) wHITE(O91000) ]
10 CONTINUE
1000 FURMAT (/775K * INSUFF ICIENT SUITABLE AREA FOH USE '»12)
ME [URN
END

PAGE 0001
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