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ABSTRACT

The potential applicability of systems control theory to analyze

the empirical performance of agricultural land allocation among competing

uses in Hawaii has been undertaken as part of this dissertation, The pattern

and trends of land use redistricting were statistically analyzed using

dummy variable techniques to account for periodic redistricting effects

of five-year boundary reviews during the early stages of the State

Land Use Control Program. This discrete feedback function of five-year

boundary reviews was replaced by continuous annual feedbacks which

are currently in effect after the major discrepancies in initial boundary

designations for the land use districts (Urban, Agriculture, and

Conservation) were corrected.

The study showed that the loss of Agricultural District Lands are

overstated when the early redistricting adjustments are not correctly taken

into account. The reported annual average rate of loss of Agricultural

District Lands of 151,819 acres /year since the implementation of the

State Land Use Law in 1962 to the present, actually amounts to a net

39,584 acres Iyear or about one-fourth of the reported level. The larger

portion (112,235 acres/year) can be accounted for in increased Conservation

District Lands which represent a store for future use. Most (94 percent)

of the agricultural acreage actually lost went into the Urban District which

gained 37,044 acres/year. The remaining 6 percent or 2,540 acres/year

were simply redesignated into a new Rural District, a transitional type

district, established in the early phases of the program. The relative



marginal rates of annual losses are even smaller and decreasing

over time.

Although the loss of Agricultural District Lands may be grossly

exaggerated by these numbers, it is important not to underestimate the

significance of agricultural land losses. A major portion (over 70 percent)

of the converted lands were high quality agricultural lands which are

scarce in the Islands. Also, agricultural import dependency has risen to

a very high level and is increasing in the State in spite of counteracting

State policies toward agricultural self-sufficiency.
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CHAPTER I

INTRODUCTION

The Problem

Although rich in land resources, the United States is vulnerable

to increasing losses of agricultural land through uncontrolled urban

expansion and distorting influences of urban demands on rural land

markets (Raup). Many newspapers, popular magazines, scientific jour­

nals and government publications have surveyed the agricultural land

situation and concern about the loss is growing. In 1974, a USDA

survey showed 382 million acres of crop land in the United States, down

from a high of 459 million acres in 1950. Raup (1974), states that a

majority of land is withdrawn from the agricultural base because of

government programs and projects that promote urban land use. High­

way and reservoir investments make suburbs feasible where they once

were not possible. The financial incentives for urban investments also

promote urban expansion. The law that permits the deduction of interest

paid on borrowed money, as well as the deduction of property taxes

when computing taxable income has encouraged urbanization.

This situation has greatly aided the economic growth of the United

States by encouraging activities that add to the gross national product.

However, in the past, the concern for ag ricultural land was evident but

not as vocal nor well publiciaed, The United States has made great

advancements in technology that has allowed greater productivity from less

acreage. During this period enormous farm surpluses existed and the

problem was not the loss of agricultural land but fair commodity prices.
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However, the 1970's was a time of change. As foreign policy pro­

moted the sale of agricultural products overseas, surpluses turned to

shortages. The ecology movement, by limiting the amount and types

of herbicides and pesticides allowed has had an impact on agricultural

productivity. Also, major technological breakthroughs were extremely

rare because of bureaucratic red tape in releasing chemicals and a lack

of funding for basic research in our colleges and universities. Further­

more, as energy prices rise and availability becomes somewhat uncer­

tain, the adequacy of agricultural land gains increasing importance.

Also, people have recently realized that many types of land use are

irreversible. It is possible to restore strip-mined areas to closely re­

semble the natural habitat before exploitation, and to remove homes

from the land to start up an agricultural operation; but, more often

than not, restoration is economically infeasible. However, given enough

time, money, and technology anything is possible. Nevertheless, ir­

reversibility of land use is becoming more of an issue because there is

less and less good agricultural land available to substitute for the loss

acreage. Thousands of acres of good agricultural land will not produce

crops ever again.

From the national perspective I it is still difficult to believe that

an agricultural land problem exists. With 382 million acres of land in

production, how can there be a problem. The nature of the problem

because of the nature of the resource, is more localized. The cumula­

tive effects do not appear serious but they ~re. Almost every state

has puhlished a report describing the loss of agricultural land and

the impact upon the local economy. Every report states some concern

over the loss but stresses the need for careful analysis of the situation.
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Still, enough people must believe that a problem exists, that 44 of

the 50 states have adopted some for of differential assessment program

for farmland protection (Untaxing Open Space). These types of pro­

grams affords tax-saving benefits to users of farmland, in the hopes

that this is enough incentive for their preservation. Other control

measures, i. e. zoning, transfer of development rights, are restrictive

agreements which are often discussed in connection with land use

control.

But, before preservation methods can be assessed for their impact

and effectiveness, a land use accounting should be taken. Land use

accounting involves the detailed analysis of physical land quality and

cap ability to develop an adequate data base for decision making , In

particular, accurate and regularly updated location and acreage data of

lands in agricultural use by crop category must be calculated. This

type of physical and bio-chemical survey of the land has been initiated.

In Hawaii, work using LANDSAT satellite imagery has started and is

being used to develop an interpretative system of land use. The

ALISH system (Agricultural Lands of Importance to the State of Hawaii)

of land quality rating surveys agricultural land and categorizes them

into prime, unique, and other lands of importance. As yet, soil

productivity ratings specific to individual crops and' non-crop uses has

not been incorporated into the system. The Land Study Bureau (LSB),

however, in the late 1960's developed a system to classify crops using

research findings and expert opinion to segregate land into A, B, C, D,

and E productivity classes.

Of equal or greater importance is the rate of distribution of use

over time. If social or economic conditions dictate that land be removed



4

from agriculture, do we allow it? Or, how much of it do we allow? How

much reserve agricultural land do we hold? Land use changes will still

occur because land is needed for urban uses. How much land will we

allow to convert in the present time period and how much should be

saved for future time periods; in other words, intertemporal decisions

are important. How do we answer or at least begin to answer some of

these questions.

Context of Hawaii

Since 1962, the State of Hawaii has lost 151,819 acres or 7.1% of

its agricultural land to other uses. Of this 151,819 acres lost, 37,044

acres were converted to urban uses. The Urban District increased by

a substantial 32%. (See Table I for State totals and appendix for totals

by counties.)

This is especially significant in light of the fact that much of this

land converted to urban uses was high quality agricultural land. It is

estimated that about a third of the acres converted to urban uses was

high quality agricultural land. On Oahu, between 1962 and 1979,

6,104 acres of good agricultural land and 9,749 acres of poor land con­

verted to an urban use (HIMAG).

Actual production loss, in terms of food producing capability, was

minimal. The State has lost 210,000 actual farm acreage, most in pine­

apple, sugar cane and coffee, but this has not diminished production.

Sugar cane production has not declined significantly (9.8 Million tons

in 1962 and 9.2 M tons in 1978), even with a 10,000 acre loss of land.

Pineapple production has diminished (.89 M tons to .675 M tons), but

not in the same proportion as the acreage loss, 72,000 to 44,000.



TABLE I

ESTIMATED ACREAGE OF STATE LAND USE DISTRICTS
1962-1980

STATE TOTALS

5

Date Total Urban Conservation Agriculture Rural

1962 4,111,500.0 115,155.5 1,863,630.0 2,126,014.5 6,700.0

1963 4,111,500.0 116,464.0 1,862,600.0 2,125,736.0 6,700.0

4,111,500.0 117,800.0 1,862,642.0 2,124,400.0 a
1964 6,700.0

1965 4,111,500.0 118,285.8 1,861,642.0 2,124,853.0 6,718.3

1966 4,111,500.0 120,211. 3 1,861,595.4 2,122,500.1 7,192.3

1967 4,111,500.0 120,447.1 1,861,607.0 2,122,230.6 7,214.4

1968 4,111,500.0 128,399.4 1,860,891. 3 2,114,923.1 7,285.3

4,111,500.0 140,163.3 2,009,086.7 1,955,875.0 b
1969 6,375.0

1970 4,111,500.0 140,697.3 2,008,915.8 1,955,528.4 6,358.5

1971 4,111,500.0 141,660.0 2,009,167.4 1,954,295.1 6,377.5

1972 4,111,500.0 142,499.5 2,009,217.8 1,953,414.8 6,376.5

1973 4,111,500.0 145,227.0 1,986,877.8 1,970,299.2 9,104.6

1974 4,111,500.0 147,472.0 1,986,428.9 1,968,727.2 b8,871.9

1975 4,111,500.0 148,921. 4 1,976,995.7 1,976,695.4 8,887.5

1976 4,111,500.0 149,426.2 1,976,985.4 1,~76,131.4 8,957.5

1977 4,111,500.0 149,262.9 1,976,995.7 1,976,327.2 8,914.2

1978 4,111,500.0 151,012.5 1,976,931. 4 1,974,339.5 9,216.7

1979 4,111,500.0 151,929.6 1,976,105.9 1,974,229.8 9,234.7

1980 4,111,500.0 152,199.2 1,975,865.1 1,974,195.5 9,240.3

-
a As adopted.

b After five year boundary review.
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(Statistics of Hawaiian Ag)

The agricultural sector was pressured by population growth to

produce at more than capacity. Population growth was the highest in the

nation. Presently, there are almost a million people living in Hawaii, up

from 632,000 people just 20 years ago, with the majority residing on

Oahu (79%). One noteworthy trend is thp.t population growth is moving

away from Oahu towards the neighbor islands. In 1970, 82%, of the

population resided on Oahu, this was the peak of the downward trend

since 1920 (see Table VIII in the appendix).

In order to sustain and support a burgeoning population requires

outside assistance. Such is the case for Hawaii. Inshipments of all

the major commodity groups increased. Imports of red meats, fresh

market vegetables and melons more than doubled over the past 20 years.

Where once locally grown products supplied 50% of the market, now they

supply 30% or less, as in the case of chickens and broilers.

This situation places Hawaii in a tenuous and vulnerable position,

at the mercy of forces outside of our control. Transportation services

become extremely important. Shipping strikes have bared supermarket

shelves within a matter of days because of consumer tendencies to panic

and hoard commodities. Although, the same situation would have

occurred within a matter of months because only a 3-4 month supply is

stored in grocers' warehouses.

Recent airline strikes also show how vulnerable Hawaii is. When

United Airlines struck in 1979, drastically reducing the volume of tour­

ist inflows, hotel occupancy rates dropped as did tourist dollars. First

Hawaiian Bank conservatively estimated the loss at 1-4 billion dollars.

Other frequently voiced constraints are the inadequacies of land,
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water, capital and labor, as they affect agriculture, and the pervasive

energy concerns. Agricultural interests must be viewed with respect

to overall state conditions. The amount of land available for agricultural

purposes is interrelated with the amount used for urban purposes.

These relationships also depend upon the general economic atmosphere

of the State and nation as a whole.

Many economic and social factors affect land use changes. Popu­

lation growth, rise in real personal income, desire for single family

dwellings, energy prices and a myriad of other forces affect land use.

State policymakers must work within and sometimes without the sys­

tem to control land use changes in attempting to attain certain State

goals and objectives for the welfare of the people. These goals and

objectives are sometimes not clearly defined, which only adds to the

problem.

The Hawaii State Plan adopted in 1978 set. forth goals for the

State in areas of the economy, the physical environment, and physical

and social well-being. These reflect ultimate ideal end states and des­

cribe desired social, economic, and physical conditions to be sought

for Hawaii's people.

The goals of the State. as perceived by the Plan, are to achieve,

(1) a strong viable economy, characterized by stability, diversity and

growth that enables the fulfillment of the needs and expectations of

Hawaii's present and future generations, (2) a desired physical environ­

ment characterized by beauty, cleanliness, quiet, stable natural sys­

tems and uniqueness that enhances the mental and physical well-being

of the people, and (3) physical, social and economic well-being, for

individuals and families in Hawaii that nourishes a sense of community
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responsibility of caring and of participation in community life (State

Plan) .

The priority actions dealing with land seek to utilize Hawaii's limited

land resources wisely in order to insure the protection of the environ­

ment and the availability of shoreline, conservation land and other

limited resources for the future. Also, they seek to accommodate

urban growth in existing urban areas while maintaining agricultural

lands in agricultural designation.

In order to reach the state goals by way of the priority actions,

State decision makers require tools to aid in their decision malting.

The problem for research is to find appropriate dynamic analytical

methods that can explain the "ex-post" data experience and can help

to define "ex-ante" decision issues, and to formulate decision models

for such purposes. Because these "ex-post" and Hex-ante" problems

are essentially in the context of dynamic time related scenarios, the

analytical tools selected must be cap able of handling time as an explicit

variable. In other words, analytical tools are needed to address ques­

tions and issues that are intertemporal in nature.

Objectives

The objectives of this study are:

1) To identify and review analytical approaches for addressing

problems of intertemporal allocation of scarce lands.

2) To select and test certain promising methods (tools, models)

for their potential applicability to the land use experience in Hawaii.

3) To develop conclusions and implications for the potential

applicability of the selected methods.



9

4) To suggest or recommend alternative approaches or methods

that might also have promising applicability to the intertemporal land

allocation problem.

Procedures and Scope

Procedure 1 (relating to Objective 1): The identification and

review of analytical approaches for addressing problems of intertem­

poral allocation of scarce lands will consist of a literature survey re­

viewing the various methods. Included in the discussion is the tech­

nique of optimal control theory, dynamic programming, graphical tech­

niques, adaptable management techniques, and an analytical institutional

economic approach of conservation economics. The discussion is not

meant to be exhaustive but merely to introduce several intertemporal

analytical techniques that have been used in the area of resource man­

agement.

The institutional economics approach is presented to better under­

stand the nature of conservation economics in order to fully realize

the affects of institutional focus on time oriented decisions.

Procedure 2 (relating to Objective 2): Different specifications of

selected methods will be discussed and the appropriateness of each to

the present land use situation determined. Actual data when available

will be used to clarify and exemplify certain relationships. Most of

the data manipulation will be through the use of ordinary least squares.

The different specifications arise because of the nature of the resources

and the socio-economic environment of Hawaii. Land is recognized as

having both stock and flow components. The stock component is

basically, the locational attributes. while the flow component is the



10

quality attribute,

The socio-economic structure of Hawaii plays a major role in deter­

mining the proper specification for model formulation; the market struc­

ture, whether monopolistic or perfectly competitive, also have effects

on the variables chosen and the subsequent solution. The social and

economic environment of Hawaii is largely determined by historical and

social events and trends. These trends and events are reflected in

the social and political atmosphere and are, thus, seen in the laws that

govern land use.

The institutional framework of Hawaii's land use will be described

in order to set the stage for this analysis. It is important to realize

the impact that certain historical events have had on present laws and

how these laws have affected present conditions. The data base that

will be utilized is the yearly acreage totals in the State of Hawaii's

Land Use Districts of Agriculture, Urban, Conservation and Rural from

1962-80 as enacted by the Land Use Law. The sum of the acres in

these four districts equal the State's total of approximately four million.

Procedure 3 (relating to Objective 3): The results for meeting

this objective are directly derived from the analysis in Objective 2.

Conclusions and implications for further study can only be determined

after the study is completed. The nature of the solution should be one

that is fairly comprehensive and that can be of use in explaining rele­

vant trends and other phenomena.

Procedure 4 (relating to Objective 4): Using the methods dis­

cussed in Objective 1, suggestions or recommendations of alternative

approaches that might also show promising applicability to the inter­

temporal land use problem will be presented. Application of another
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of the suggested approaches will be made in order to more thoroughly

analyze the land use situation in Hawaii and to better utilize the avail­

able data. The complexity of the approach will be minimized so that

the analysis does not get entangled in theory without any relevance to

the problem.

The Nature of Research

Among the social sciences, economics has long suffered from a

superiority complex. The economist's view of his field has been one

of a discipline that was rigorous and precise with an advanced prag­

matic methodology leading to a highly developed theoretical structure

(Klein) . Economists pride themselves on belonging to the most "scien­

tific" of the social sciences. The justification for this conviction lies

in the growing resemblance of the analytical tools used in economics

and in the natural sciences. Essentially, in the use of mathematical

techniques in theoretical analysis and the development of sophisticated

mathematical and statistical techniques in empirical studies. Today,

mathematical formulations of economic theory (dynamic analysis, i. e . ,

optimal control theory) and the application of sophisticated econometric

methods constitute the mainstream of the science of economics (R.A.

Gordon) •

Science, in one definition, states: "A systematic knowledge of

the physical or material wor'ld" (Webster). Most definitions of science

consist of these same two parts: 1) systematic knowledge about; 2) the

real world. If economics is a science, it must not only develop analyti.­

cal tools but must also apply them to a world that is observable or that

may be in the future through improved means of measurement.
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Without in any way demeaning the very real accomplishments of

quantitative procedures in advancing knowledge in critical areas, there

is a tendency to ignore important real world problems. The models

can cope with large numbers of variables in ever more elaborate speci­

fications, but cannot cope with underlying questions of direction and

meaning of goals and objectives for the system. This is a question of

relevance. Is the science of economics becoming too rigorous and

sacrificing relevance? (Klein)

In this dissertation, there is an attempt to achieve a balance between

rigor and relevance by discussing the theoretical framework and search­

ing for practical applications and interpretations. Important in the

analysis is the institutional framework, how it has developed and how

it is changing. To what extent does the changing institutional environ­

ment affect the relevance of the analytical tools that we use and the

assumptions that we make? Why do we ask too few questions about

why and how the institutional environment has changed in the way that

it has and what are its internal dynamics that will lead it to change in

a particular way in the future? The institutional impact must not be

overlooked or underestimated.

As R.A. Gordon stated in his address to the AEA convention in

1975, let one credo be: "relevance with as much rigor as possible,"

and not "rigor regardless of relevance."
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CHAPTER II

INTERTEMPORAL ANALYTICAL METHODS:
A SELECTED LITERATURE REVIEW

Intertemporal analytical methods that have been applied in the area

of resource management include optimal control models, dynamic program-

ming, graphical techniques, adaptiveman.a~ementtechniques and institu­

tional economics. Brief overviews of these methods follow in order to

familiarize and introduce the reader to methods that may be useful in

making intertemporal decisions. The analytical institutional economics

approach is described in detail because its concepts and principles pervade

throughout this dissertation. The social and political considerations

are inextricably woven into the economic framework and a knowledge of

conservation economics is useful and vital in the analysis.

Optimal Control Theory

Optimal control theory is a set of mathematical techniques that

tell us how to choose among alternative policies so as to best regulate

or control a system. Optimal control theory was first developed for

use in solving problems in the physical and chemical sciences. El.:onomics

and other fields have borrowed this technique and have applied it to

various typ es of problems, i. e., shortrun economic stabilization, economic

growth, corporate strategies and investment portfolios. In recent

years increasing efforts have been made in the resource economics area

as well.

In the area of economic stabilization, Pyndick and Chow showed

that optimal control theory could be applied to a nati onal macro-
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economic model. Given certain policy objectives and available controls.

a system could be designed to simulate the structure and control

theory applied. Wilfred L'Esperance applied the general approach to

the state of Ohio's econometric model. This illustrated the usefulness

and nature of optimal control in the area of stabilization policy.

The theory of optimal control has just recently been given popu­

law publicity, especially when Business Week published a report of

Pyndick's approach. However, its origin dates back to the early 1960's

beginning with Bellman's principle of optimality in the United States

and the maximum principle of Pontryagin, et a1. in the Soviet Union

(1962) . Since then, optimal control theory has gained widespread

acceptance for its applicability to a global class of problems.

Some of the more recent applications in the area of resource

management were attempted by Krutilla and Fisher, and Joun and

Schwind. Krutilla and Fisher used optimal control theory in develop­

ing an allocation model for the economics of unique amenity resources.

They studied the allocation of land between development and preserva­

tion in the Hell's Canyon hydroelectric dam case by estimating and

comparing net social benefits of each use over time. The concept of

irreversibility is involved in this case. Depending upon the direction

that the relative benefits between development and preservation move

over time, dictates the decision to preserve or develop.

Joun and Schwind have used the optimal control model to evaluate

land use alternatives at the metropolitan fringe of Honolulu. They

have taken the model and have shown that it can provide a framework

relevant to the practicing land use planner. It is used to estimate

streams of discounted benefits and costs that evolve from a specific
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parcel of land, location, quality and size, if preserved or developed.

Again, the relative direction of movement of the cost and benefit

streams over time dictates the decision.

The solution to the control problem can be considered as an ex­

tension of the method of Langrange multipliers to dynamic optimization.

The maximum principle approach is the solution generally chosen. The

maximum principle has been used in computing optimal controls in many

important mathematic, engineering and economic problems (see appendix).

Dynamic Programming

Dynamic programming is a numerical technique that provides a

solution to the control problem by arriving at optimal control policies

(lntrilligator) . It is based on a "principle of optimality" which states

that at any point in a sequence of decisions, one should choose the

policy that maximizes the sum of the benefits received from this deci­

sion plus the future benefits obtainable as a result of this decision

(Bellman) . In other words, it is a trade-off between present and

future benefits. It is similar to optimal control theory.

Dynamic programming has found wide use in pest management

schemes, water resource systems, forestry, fisheries, and management

of animal populations.

The result of a dynamic programming solution is a feedback con­

trol law. Where there is uncertainty in the dynamics of the system so

that the optimal control policy of the future will depend upon the state of

the system at that time, a control policy that falls under this definition

is called a feedback law. For instance, a control law that expresses

conversion rate of agricultural land as a function of remaining acreage
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instead of time, can be considered a feedback control. An optimal

feedback policy is more desirable than an optimal policy (Walters 6

Hilborn) .

The major shortcoming of dynamic programming is that it can only

handle a few (4 or 5) state variables. The number of outcomes that

arise in the solution process increases geometrically with each time

period analyzed. A small two state variable and one control variable

case with ten possible values for each gives 1,000 possible outcomes

for each time period. This is known as the "curse of dimensionality"

(Bellman). However, the feedback characteristic of the solution often

makes it extremely useful in solving problems that, using other tech­

niques. may have been intractable.

Graphical Techniques

When the control actions involve a small set (t.e , one or two) con­

tinuous variables, a graphical technique called control space optimization

has been used. Beverton and Holt popularized this technique in the

study of fisheries management (Clarke). The graphs generated were

called yield isopleth diagrams. Such diagrams. can be generated

analytically, or more often by computer simulation. These types of

diagrams specify optimum equilibrium policy and are not a feedback law.

The principle advantages of control space diagrams are their ease

of generation and simple presentation, They do not require an explicit

objective, since selection of the optimal policy is done from the diagrams.

They deserve close attention because they seem to be one of the most

effective methods for incorporating simple optimization into real world

management (Walters 6 Hilborn).
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For more complex models, with several continuous variables, a

fixed form or policy space optimization is a technique that has been

used. It is a multi-dimensional extension of the control-space optimiza­

tion. When the fixed form approach is used with a well defined objec­

tive function, numerical computer searches across many control variables

can be used to find the best combination. A near optimal feedback

policy is obtained. Graphical presentations are difficult because of

the many dimensions.

Adaptable Management Techniques

In the realm of natural resource management, the element of un­

certainty always pervades. In this class of problems where either the

probability distribution has not been assessed or is believed to be

changing over time, three management approaches have been used.

These are (1) deferred action, where it is assumed that ecological sys­

tems cannot be managed until basic research is conducted to determine

key relations; (2) passive adaptive, which uses previous experience

and available studies with similar systems to construct a best possible

model; then manage the resource as if this model were correct expect­

ing new information to improve the model and by learning through mis­

takes; and (3) active adaptive, to meet all management decisions as

deliberate experiments that have dual effects, short- and long-term

benefits and costs.

Walters and Hilborn describe and comment on the approaches.

The deferred action approach leads us to believe that observations of

an undisturbed system can somehow be extrapolated to the novel experi­

mental situation created by management. This implies that functional
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and numerical relationships can be established by laboratory studies

or by observation in the field. It also implies that observations will

ultimately determine the response by management to the new situations

created. This is a lot of wishful thinking. Usually, proponents of

this system defer any decision until the collection of good baseline data

can be completed with which one can compare management effects.

However, consider ecological relationships where there is a stock­

harvest relationship. The baseline data that is generally observed and

collected is near the natural equilibrium point. How many natural

equilibrium points are worth collecting? Some baseline data is certain­

ly available, but it is a long way from baseline to understanding.

The ecological management process relies on adaptive policies of

learning by doing. The concern is on how to optimize the adaptive

process. Both passive and active adaptive management approaches may

be useful. The uncertainty element over time is involved in each

approach, making either one appropriate for the given situation.

The passive adaptive approach managed systems are monitored to

produce a time series of state indicators. These indicators do not show

a complete or accurate picture of the time system state. These indica­

tors are then fed into an algorithm intended to :filter the data to pro­

duce improved estimates. Simultaneous estimation methods may be

utilized. These estimates provide the basis for control or action deci­

sions. In passive adaptive policy, this model is assumed to be correct

and is then managed as such. Mistakes are expected and are used to

improve the model's management capabilities.

Passive adaptive is the general process of formulating models

(which may be no more complex than trend relationships), making best
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possible predictions and revising the model as new data becomes avail­

able. In the real world, some learning is apparent but certain manage­

ment responses are counter-adaptive. These are generally originated

from a fear of change. What "worked" in the past should work now.

New interpretations are slow to be assumed until older analyses begin

to produce large errors and infrequent parameter revision are potential

pitfalls in the pursuit of adaptive approaches by management.

Active adaptive management is the process of deliberate experimen­

tation. For example, a fish population may be deliberately over­

exploited in order to determine maximum sustainable yield.

When management or development begins to disturb a system that

is poorly understood, two distinct types of benefits are generated:

short-term and long-term. However, there is generally a trade-off

between these benefits. We would learn most rapidly by introducing

large disturbances into the system, but we run high risks and costs

by doing so. The problem of balancing the short-term and long-term

benefits is known as the dual control problem (Feldbaum). This prob­

lem has not yet been fully resolved even for simple systems (Le , 4 or

5 state variables), although theory has been available since 1960.

The probability distribution assigned to any possible future out­

come and therefore the optimal decision will be based upon the entire

history of system observations. The optimal feedback policy becomes a

function of many variables (each with past observations) rather than just

the current state estimate and a stable probability distribution. .Here

again, however, the "curse of dimensionality" enters the picture. Now,

instead of exploring future values of several discrete levels of a few

state variables, it becomes necessary to explore many possible values



20

of all earlier observations. Such a model has yet to be applied, but

may soon appear. Adaptive feedback techniques are expected to be

the model of the future (Walters q Hilborn).

Analytical Institutional Economics Approach

There are several important goals in optimization analyses. The

most important is to produce management policies that are better than

those currently in use. Three important but not directly sought after

results are also produced. The first is a better understanding and a

clearer application of the functional relationship that exist within the

system that must be realized in order to manage the system at all. It

is necessary to determine answers to initial questions about system

behavior and interactions. These answers often provide new insights

to the system. Second, another important result is a better understand­

ing of the objectives of management. Optimization requires an objective

function. Usually, one of a few objectives must be chosen from the

many available. Looking at several objective functions leads to insight

about the inevitable conflict of objectives. Third, the simple exercise

of identifying feasible control actions often lead to a different percep­

tion of the real problem. Frequently. it is found that political and

economic constraints completely dominate all biological considerations.

The last point is extremely important. In the field of conserva­

tion economics. institutional and political consideration are the prime

reasons for certain management policies. All too often institutional or

economic forces determine management policies. Discussion of the con­

servation economic approach follows.
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Conservation Economics

Conservation economics attempts to understand the distribution of

resource use over time in terms of the relationship between technological

knowledge, individual motivations and social institutions. Conservation

economics serves as a basis for formulating and implementing public

policies that aim to protect or change a given time distribution (Ciriacy-

Wantrup, 1952).

Conservation in this context does not mean non-use, or static use,

or even wise use. For these terms are highly misleading and are of

little value especially in dealing with stock-vs, -flow resources. Conser-

vation is concerned with the "when" of use; a resource's intertemporal

distribution of use. Conservation, more specifically, is defined in

--
terms of changes in the intertemporal distribution of physical rates of

usa.. For conservation the redistribution is in the direction of the

future, while for depletion the redistribution is in the direction of the

present. Conservation implies the comparison of at least two time dis­

tribution of use rate. Comparisons of use rates for adoption of differ-

ent new technologies with the old technology to find which is more

conservative can be made.

In terms of determining an optimum state of conservation, several

quantitative methods are available, i ,e , present value techniques,

benefit-cost analysis, and differential calculus techniques. However,

the optimum state is heavily influenced by economic forces; a study of

these forces and their effects is the key to conservation economics.

An understanding of these forces is necessary for explaining the

past behavior of resource users and for predicting the future behavior
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of resource users. Also important is the understanding of the process

by which choices are made by a population. Economic forces may hin­

der or aid such policies.

Among those economic forces of importance are interest rates and

related forces, uncertainty, prices and.. p.ricf! supports I and social institu­

tions of tenancy I credit I taxes I and market form.

Interest Rates: Among economic forces affecting conservation I

interest rates and related forces are some of the most powerful and

consistent. Interest rates are used for planning purposes I for making

comparisons between net revenues occurring within different time

periods.. Present value analysis utilizes interest rates to discount

future net revenues to the present. An increase in interest rates I by

definition I implies a progressive decrease in future revenues. Thus,

planning agents would tend to redistribute net revenues in the direc­

tion of the present.

However I there are situations in which a planning agent would base

a decision not based upon a perfect market, such as monopolistic condi­

tions allowing discrimination. This causes the spread between rates

for disinvestment and investment to be large and variable from time I

place and individual. It often is more economical for planning agents

to deplete rather than sell assets when business declines if there are

no ready markets for their sale. They may also find it more economical

to conserve assets if funds are scarce. It is an individual choice

frequently based on hunches that incorporate a precise rate of discount.

Uncertainty: These hunches, presuming the existence of uncer­

tainty, are generally subjective. However, the overall goal of a plan­

ning agent is to avoid immoderate losses. Thus, a range of outcomes
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are guessed and a choice is made. To allow for uncertainty in plan­

ning decisions, a planning agent may discount for it. This may be

accomplished by raising the discount rates or by attaching a probability

to expected net revenues. Hedging, pooling and spreading arrange­

ments are other means to allow for uncertainty. These methods shift

the incidence of uncertainty to others or among more people. Flexibil­

ity in planning is another way to allow for uncertainty. Keeping time

plannin g horizons short to facilitate faster changeovers in case of new

technologies or other changes allows for more flexibility.

Increases in uncertainty will decrease present value of future

revenues moving use rates in the direction of the present--depletion.

Conversely, decreases in uncertainty will lead to conservation.

Prices and Price Supports: The effects of prices, as an economic

force affecting conservation policy and decisions, although substantial,

are unpredictable at best. The amount of the price change occurring

in different time intervals and the number of planning intervals in­

volved stipulate the effects of the price change. The type of tech­

nology involved also determines what effects a change in price may

have. Conservation decisions are different if a country is in a horse­

and-plow type rather than a tractor type technology. These effects

are evident in relationships between marginal revenue and marginal

costs and the technology used.

The effects of a price change depends on the specific set of

assumptions. Assume that a change in prices is expected to occur at

a certain point in the future and continue indefinitely. Also that each

period's revenue is independent of the others. In this context, if the

price of the product bein g produced is expected to be higher in some
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future time period then this would induce planning agents to shift use

rates in the direction of the future--conservative. In other cases.

where prices are not expected to last indefinitely. i. e.. during the up­

swing of a business cycle. planning agents will tend to aim production

at the peak of the cycle even if this is depletive.

There are no hard and fast rules about the effects of prices on

conservation decisions. The context within which these changes occur

determine the effects of price changes upon use rates. The time dis­

tribution effect of price changes must not be overlooked if these are

to be recommended as policy.

Social Institutions: The economic forces of interest rates. un­

certainty. and prices are largely determined by social institutions.

These social institutions influence conservation decisions and are not

static conditions. They can be changed. Policy makers have some

control over institutions and in this WfiY can control conservation

decisions. Among the most important social institutions are property

rights and its treatment. tenancy. credit. taxation. and market form.

Each will be briefly discussed.

The social institution dealing with property rights is probably the
I

most important. Out of this comes the other institutions of tenancy.

credit and taxation. Property rights are commonly described as a

bundle of rights over which one has control. The strength and type

of control generally determine the effects on conservation decisions.

When property rights are ill-defined or unstable for any number

of reasons. users of the resource will not have any incentive to con­

serve. This may happen under conditions where there is political un­

rest or economic uncertainty. Welfare economics plays an important
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role when externalities evolve or common property situations exist.

Government regulations allow some control over depletion conditions.

The civil law. statutes requiring compensation for damages from damag­

ing party, zoning ordinances and regulations prohibiting certain uses

are ways by which government can control property rights.

Tenancy: The effects of tenancy upon conservation decisions are

mainly through instability, incidence, fixity and market imperfection.

Instability is a result of uncertainty. In the area of agricultural land

leases, local customs and traditions are significant. The tenant is

unsure of the length of time he will have the use of the land. In

Hawaii, some farmers are on month-to-month leases; not knowing

whether the lease will be extended for any period of time. There is

no incentive to (1) conserve the soil, or (2) adopt new technology

(invest) . Written longer-termed lease contracts clearly spelling out

each party's responsibility will reduce uncertainty and instability.

The incidence and allocation of costs and revenues upon tenant

and owner are important. Who pays what proportion and who receives

what proportion? Again fair, equitable lease arrangements must be

made to reduce the friction between tenant and owner.

The fixity of rents are discussed because of their undesirable

attributes. Fixed rents remain unchanged regardless of the income

level of the tenant. Usually, the smaller the property, the greater

(per acre, or per square foot) the rent.

In a tenancy situation there are other ways by which a less than

optimum state of conservation can exist. The economic strength of

the owners may be formidable and imperfect markets may exist. A

policy to transform tenants into owners is in line with the objectives
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of conservation policy.

Credit: The credit system affects the state mainly through un-

certainty, fixity, and imperfect markets. The uncertainty factor be-

comes evident when creditors become wary during times of economic

instability and recall the loan before it is actually delinquent. This

may cause uncertainty in tenure and consequently lead to depletion.

Fixity of rates tend to guide the state of conservation to deple-
, .•..

tion, This is especially true during depressions, during which re-

ceipts are less and payments are unchanged. This is not usually off­

set during the boom years of the cycle. These fixed charges are

usually regressive with income. The debtors in lower income groups

pay higher interest rates than debtors in high income groups. The

prime interest rate is a good example of this. Debtors that have the

best financial condition and the greatest ability to repay are given the

lowest interest rate. Others pay considerably higher. This is largely

due to a risk factor, however, it does show the depletion affects of a

regressive charge.

Taxation: The practical significance of taxes in resource conser-

vation are probably greater than tenancy and credit. Like the other

institutions, the tax system has highly significant but unrecognized

effects on the state of conservation. Taxation, for this reason, can

be an obstacle for conservation. While on the other hand, it is used

more frequently because it can be more easily employed than tenancy

and credit. The effects of taxation on the state of conservation are

more complicated than those of tenancy and credit. These complexities

have similarities to those already encountered in dealing with prices.

The assumptions that are necessary are similar to those that were
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made in connection to prices. The first is the assumption that a given

tax change is expected to last indefinitely or at least over the entire

planning period; also, the interrelation between use rates will not be

affected because taxes are not generally imposed on depicting or con­

serving services specifically. They are usually a revenue raising

mechanism for government and are applied broadly.

If the tax change is not expected to last indefinitely, then the

rates of use tend to be distributed over time toward those periods that

have the most favorable tax situation. This redistribution is of impor­

tance in conservation policy. Appropriate variation of taxes over time

with or without public announcement of planned future changes can

encourage or discourage conservation. Overall policy goals are needed

in this case.

Inherent in all types of taxes are either progressive or regressive

tendencies because most tax bases vary over time. Generally, a pro­

gressive tax tends to equalize the tax base between time intervals,

while a regressive one tends to accentuate the differentials. The

effects of those taxes are opposite. Whereas, one may be conservative,

the other is depletive depending upon the resource under consideration.

Again, as with prices, it is difficult to obtain any concrete

results that hold regardless of the situation. It is enough to say that

taxes do have an effect on the state of conservation and this effect

cannot be overlooked in policy matters. Taxes do shift the use of

productive services and even taxes that are usually regarded as neu­

tral (Le., income taxes) can have decisive effects upon the state of

conservation.

Market Form: The form of the market, whether monopolistic or
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atomistic, in which products of resource users are sold and services

bought is an important institutional force in resource utilization. Many

laws, administrative agencies, customs, attitudes and special arrange­

ments decisively affect the market through the number of participants

allowed. The number of participants allowed affect market behavior

and the state of conservation.

Under the usual economic analysis of monopoly, the demand curve

for the industry is the demand curve for the firm and the marginal

revenue curve lies below the demand. This situation would reduce the

quantity produced by the firm and increase the price when maximizing

total revenue. However, in the case of perfect discrimination, the

quantity produced would be the same as if it were supplied under per­

fect competition only the revenues received would be greater.

The effects of interest rates and uncertainty, two key economic

forces., upon market form are different. Interest rates are generally

lower for larger firms and these larger firms are generally, but not

always, found under monopolistic conditions. It can be stated the

imperfections in the credit market are less severe under monopolistic

conditions. In dealing with uncertainty, it is sometimes contended

that the monopolistic conditions reduce the uncertainty associated with

long range investing. This reduction in uncertainty has tendencies

toward conservation.

These cases are generally for pure monopoly versus pure compe­

tition. If gradations in monopoly are introduced, i. e., oligopoly, then

we cannot conclude that output would indeed be restricted. Conserva­

tion, then, is not a necessary condition of monopolistic situations

especially if oligopolists are uncertain about the actions of other
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oligopolists in the industry.

Since most real-life conditions can be described as oligopolistic,

conservation policy aimed at changing market form is not a reliable

tool. If such an attempt is made, then moving to a more monopolistic

situation would tend to be more conservative. However, it is the tra-

ditional policy of the United States to prevent pure monopolies and

promote perfect competition. This policy is backed by public opinion

and embodied in statutes. Therefore, it is highly unlikely that there

will be a move toward a more monopolistic economy.

Planners must work within the framework presented using the

tools available to move in the direction desired.

The Safe Minimum Standard: In terms of conservation decisions,

public and private policy makers are under the influence of the same

economic forces, especially that of uncertainty. These planning agents

are often faced with choices between possible losses of various magni-

tudes and probabilities. Generally, the possibility of a larger but

less probable loss can be avoided by the acceptance of smaller but

more likely ones. In private decision making, avoidance of losses which

are immoderately large, thus entailing bankruptcy is of great interest.

In public decision making a similar situation exists. Governments

are also confronted with choices between possible losses of varying

probabilities and magnitudes. The possibility of immoderately large

losses, ones that threaten the survival of the group, are of greater

concern to government planning agents. .In the field of conservation,

the economic irreversibility of depletion of the important class of re-

sources characterized by a critical zone is one such possibility.

After a certain point--i. e., if more and more acres of land or
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plant and animal species are affected--irreversibility of the depletion

of these resources severely limits opportunities for adaption and limits

the development potential of a society. Such limited and narrowing

forces direct development toward specialization rather than diversifica­

tion. Specialization tendencies have been held responsible for retarded

growth, in another sense--a dead end (Toynbee , Kroeker).

However. we do not know where this point is. Economic irrever­

sibility is uncertain. It depends upon present technology. wants and

social institutions. These are in constant change. There is also the

uncertainty about whether irreversible conditions will actually lead to

immoderate social losses. Furthermore. it is uncertain whether special­

ization will be the cause for stagnation and elimination of the group.

The decision to avoid the social risk of irreversibility. however.

is not dependent upon the immoderateness of the loss. This is only

one special case. The choice is between larger less probable losses or

smaller more probable losses. These smaller more probable losses are

connected to what is called a safe minimum standard of conservation.

This standard is achieved by avoiding the critical zone. The critical

zone is characterized by those conditions brought about by human

action. which would make it uneconomical to halt or reverse depletion.

A safe minimum standard is essentially an increase in the flexibility of

a society.

The physical conditions that characterize the critical zone for

individual plant and animal species can be simply described as a

destruction of the breeding stock or natural habitat. The determination

of exact numerical levels is a biologist's nightmare but is conceptually

feasible in economics. The critical zone of groundwater depletion may
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occur during periods of sustained overdraft and measurable by the salt

balance level of the water. Irreversible depletion of soil resources may

be the result of massive erosion.

In terms of agricultural land use, a critical zone may be defined

as that level of agricultural land use and resultant production from

such. that is unable to produce enough agricultural goods to sustain

a majority of the population. When this situation occurs. a society

will be highly dependent upon outside influences and susceptible to

their whims and fancies.

A practical definition of a safe minimum standard would entail

defining it in terms of conservation practices designed to avoid the

critical zone. The great variety of resources and physical conditions

make it impractical to define a safe minimum standard in terms of a

single use rate. For agricultural land use it may be to maintain a

viable agricultural sector by maintaining a certain amount of land in

agricultural use. i. e.. acres planted Iyear .

The main advantages of defining the safe minimum standard are its

great adaptability to local conditions. easy understanding by resource

users and its economic administration by government agencies.

The main disadvantage is that the suitability of conservation

practices for avoiding the critical zone must be established first. This

takes time for observation and analysis.

The safe minimum standard is a useful concept allowing practical

use of conservation economics. This concept can be applied to many

different types of resources. One area that it may apply is the land

use planning field. Is there a safe minimum standard for land use
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of one when making policy?
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CHAPTER III

INSTITUTIONAL SETTING FOR THE HAWAII CASE STUDY

"Aloha aina" translated broadly means love of the land (Pukui)

and expresses the feeling that early Hawaiians had for their islands.

In connotes love, not only for the physical aspect, but also the spirit

, "or "mana" that the land was believed to possess. The relationship

between the people, the land, and its uses was one of harmony and

respect. Boundaries were not demarcated by artificial markers but by

natural phenomena such as streams, mountains and ridges. Accordingly,

land was not forced into an "unnatural" use but was allowed to be

used as best as nature provided. Climate, soil, and topography were

some of the factors considered in determining land use. This feeling

of "aloha aina" still pervades deep within Hawaii. It is with this

appreciation of the land that the State Land Use Law was conceived

and instituted. This chapter provides a historical review of land use

in Hawaii and some of the major events that led to enactment of the

State Land Use Law in 1961.

Historical Background

Under the ancient Hawaiian Land System, land ownership and

possession as we know it today was nonexistent. Rights to land were

usufructory and revocable at any time by the king. The land was

naturally divided by islands and controlled by the reigning alii or

king. His powers were deemed god sent.

Each island was divided into large districts or mokus with no par­

ticular justification for the divisions. The king, after keeping some of
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the best land for himself, would divide each moku into smaller units

called ahupuaas. An ahupuaa was, ideally, but not necessarily, a

wedge of land extending from the mountains to the ocean. Thereby,

affording its users a variety of land use benefits, i.e. fish from the

sea and taro from the land. The sizes of ahupuaas varied roughly

from 100 to 1,000 acres. Favored lesser chiefs were appointed as

konohikis or administrators of each ahupuaa. The ahupuaas were fur­

ther divided into ills. The divisions were made by the discretion of

either the konohiki or alii. The arable portions of the ills were

divided into moos and were set aside for cultivation only. This was

once again divided into smaller units called pauka and also set aside

for cultivation. The patches of land that were cultivated by an indi­

vidual tenant were called koeles. A parcel of land cultivated by a

tenant-farmer for himself and his family was called a kihapai. This

was the basic .customary land system in Hawaii before the arrival of

Captain Cook.

After the "discovery" of Hawaii by Captain Cook in 1778 and the

arrival of the missionaries, new pressures for change were placed

upon this system. Many of the people who frequented the islands

were aggressive sailors, traders and merchants who were accustomed

in their homeland to own land in fee simple. They challenged the

right of the king to dispose the land at will. In 1839, a Bill of Rights

was enacted which was the beginning of a fundamental change in the

Hawaiian Land System. In 1840, a constitution was adopted which

changed Hawaii from an absolute monarchy to a constitutional monarchy.

In 1848, the Great Mahele in land division occurred. It ended

the feudal system of land tenure, making ownership rights irrevocable
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and transferrable. By this time Hawaii was experiencing an economic

boom. Buildings were sprouting up everywhere. In Honolulu, con­

struction had extended far beyond the immediate harbor area. No

longer was Honolulu a flat scrabby stretch of land but now consisted

of several hundred buildings.

Beyond Honolulu, lay vast acreages of gently sloping lands with

potential for agriculture. Artesian wells discovered in 1879 opened the

way for irrigated sugarcane on an increased scale. The first

Reciprocity Treaty with the United States in 1875 provided for the

duty free entry of Hawaiian sugar into the United States. This gave

the islands a great advantage over other foreign producers competing

in that market. Sugar was dominant in every way in the late 1800ls

and early part of the twentieth century. And, after the Reciprocity

Treaty had expired in 1887, the United States revised its tariff policies

and Hawaii' s position was no longer favorable. There was a push for

annexation and in 1900 Hawaii became a territory of the United States.

Under the conditions of the Organic Act, a governor was appointed

by the president of the United States, a voteless delegate to Congress

in Washington, D. C. was elected, a bicameral legislature was initiated

in Hawaii and universal suffrage for all who held citizenship status

under the Republic of Hawaii was mandated. The Organic Act ceded

all of Hawaii' s public lands to the United States, but remained for ad­

ministrative purposes under the possession, use and control of the

Territory of Hawaii. When Hawaii became a state, much of this land

was returned to the state so that, at the present time, about 400,000

acres remain with the federal government and about 1,920,000 acres

are state owned.
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In 1895, the Hawaii republic established its policy for public lands

in the Land Act. This allowed public lands to be administered by a

commission. ·.The charge to the commissioners was that they were

authorized to "lease, sell or otherwise dispose of the public Ian ds, and

other property , in such a manner as they may deem best for the pro­

tection of agriculture and the general welfare of the Republic." It was

not unusual that during this time, large areas of public Ian ds were

sold or leased to the plantations.

In 1903, the Territorial Legislature passed a law (Act 44) allowing

the governor to set aside forest and water reserves, and a continuing

preservation program resulted. Even today, such reserves amount to

more than a million acres.

The plantation business, during the territorial period, became the

paramount industrial activity. Around the plantations revolved almost

every activity of life in Hawaii. Other commercial enterprises, such as

banking and transportation as well as general merchandising depended

a lot upon sugarcane.

Another major accumulator of land in the early twentieth century

was the United States government. Not only were crown lands and

government lands appropriated but additional areas were "set aside"

for defense purposes.

Economic growth continued but it was not until after World War II

that there was unprecedented growth. The rate of population increase

was the highest in the nation. More people meant added demand for

real estate. This lead to rising land values and profits, encouraging

speculation. Scattered, ill planned subdivisions sprouted everywhere

as prime agricultural land gave way to other uses. Statehood
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accelerated these trends.

These problems were addressed by the State General Plan which

was enacted in 1957. Hawaii was the first of the fifty states to have

such a plan. The Land Use Law was the result of this first General

Plan.

Framework of the General Plan

During the preparation of the General Plan the following general

land use problems and corresponding solutions became apparent. These

were:

1. Development of land for urban uses, tended in many cases, in

areas where it was uneconomical for public agencies to provide proper

support and adequate service facilities. Consequently, there was a lag

in the provision of such facilities.

2. Development of land for urban uses occurred, in many cases,

on the State's limited prime agricultural lands while adequate lands on

ali islands existed to accommodate urban growth forecast for the next

20 years without employing lands suitable for intensive cultivation.

3. Development of urban areas should be encouraged in an

orderly and compact manner in order to provide for economy and

efficiency in siting public services and facilities.

4. Land not required at any given time for urban or intensive

agricultural uses should received special attention in regard to land

classification.

Origin of Underlying Issues

The underlying basic conditions common to all the islands were
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rooted in the following basic conditions common to all the islands:

(1) the usable land area is scarce, (2) the ownership of land is highly

concentrated, - and (3) the government is centralized.

At first glance of the data, it might appear as if the problem of

land scarcity does not exist in Hawaii. The total state land area is

about 4, 000, 000 acres with a large amognt of that in open space. In

1978 there were 1,200,000 acres in forest reserves, 1,150,000 acres in

grazing lands, and about 500, 000 acres were pali or barren. Also,

there were about 384, 000 acres in agriculture or other open st"ace uses.

(Data Book, 1978)

However, the inherent nature of the demand for land creates a

situation of scarcity. Land as an economic resource has at least two

major components--Iocation and productivity. The location factor be­

comes evident because of the fixity of the land. Land cannot be trans­

ported to meet demands in different areas. This is readily apparent on

Oahu where 76% of the total state population currently resides on only

9.5% of the total land area in the State. Urban lands are two to three

times more expensive than comparable mainland areas and land costs

make up 47% of the sales price of new homes. All of this is happening

while thousands of acres on the Big Island (Hawaii) go unused.

The agricultural productivity aspect of land also causes a situation

of scarcity. A lot of Hawaii's prime agricultural lands (as defined by

LSB) are also on Oahu where the pressures for their conversion to

urban uses are the greatest. Prime agricultural land can also be con­

sidered as prime urban land because of their level topography, ideal

climate and availability of water. These are major contributing; factors

to the land scarcity situation.
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The concentrated ownership situation also underlies the land use

problem. Collectively, land owned by the federal and state govern-

ments, and the major landholders (those with over 500 acres) constitute

93.7% of the total land owned. Small farmers, businesses and home-

owners constitute only 6.3% of the total state land area. In the western

states, Hawaii ranks as the state with the greatest concentration of

ownership (see Tables II and III). This concentration distort.s the
/

market creating a oligopoly-like situation in which large land holders

can withhold or slowly release the land in order to receive a higher

price. They can also control the ownership of the land by not selling

lands in fee but by allowing temporary transfers of use rights only

through leases. This can influence the market heavily, creating a

situation of contrived scarcity and artificially high prices.

The centralization of government has meant that the state govern-

ment performs a number of functions that are left to local jurisdictions

in most American states. Health, education, and welfare are administered

by the State, as well as agriculture, forestry, airports, and harbors.

This situation makes possible a more advantageous distribution of

revenues and investment than might be the case under independent

county governments (Lowry).

It is with this historical, social and economic background of Hawaii

in mind that the Land Use Law was formulated. It was not a radical

divergence from existing institutional practices or cultural beliefs but

a culmination of several legislative trends.

The Land Use Law

The State Land Use Law is contained within Act 187, and is
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TABLE II

SIZE OF HOLDINGS: CONCENTRATION OF LAND OWNERSHIP,
ALL LAND, BY STATE, WESTERN STATES

STATE
PROPORTION OF ACREAGE HELD BY

AND Largest 5 Percent Largest 1 Percent
REGION of Owners of Owners

Percent
Hawaii 98.2 97.2

New Mexico 90.7 70.3

Wyoming 90.6 59.0

Oregon 90.3 73.5

Nevada 89.4 73.8

Washington 87.1 65.9

California 87.0 68.3

Idaho 86.1 60.0

Arizona 84.7 74.4

Utah 84.2 59.4

Colorado 83.2 49.7

Montana 64.0 32.5

West 91.2 70.5

U.S. Total* 75.1 48.0

* Revised, exluding Alaska.
Source: 1978 ESCS' Land Ownership Survey
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TABLE III

SIZE OF HOLDINGS: CONCENTRATION OF LAND OWNERSHIP,
FARM AND RANCH LAND, BY STATE, WESTERN STATES

PROPORTION OF ACREAGE HELD BY
STATE

AND
REGION

Hawaii

Nevada

New Mexico

California

Arizona

Oregon

Wyoming

Utah

Idaho

Washington

Colorado

Montana

West

U.S. Total*

Largest 5 Percent
of Owners

99

89

78

72

67

67

67

66

62

62

51

47

72

52

Percent

Largest 1 Percent
of Owners

89

73

50

45

46

47

31

41

33

31

26

22

43

30

* Revised, excluding Alaska.
Source: 1978 ESCS Land Ownership Survey
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amended by Acts 205 and 32. Amendments to the law governing the

assessment of real property are contained in Acts 201, 267, 277 and 296.

These acts, passed over a period of years have some goals that were

initially declared in Act 187.

That is: " ... to preserve, protect and encourage the development

of the lands of the State for those uses to which they are best suited

for the public welfare and to create a complementary assessment basis

according to the contribution of the lands in those uses to which they

are best suited" (Session Laws, Act 187).

Act 187 provided for the districting and classification of all the

lands in the State into three general land use categories: Agricultural,

Urban and Conservation. A later amendment added the Rural district

bringing the total to four land use districts.

The Agricultural district includes lands with a high capacity for

intensive cultivation with a minimum lot size of one acre for sub­

divisions. The delineation of actual boundaries was based upon

(1) a soil productivity rating and land classification system developed

by an agency (the Land Study Bureau) created for that purpose,

(2) existing land uses, (3) topography, and (4) expert opinion.

Generally, superior lands for agricultural production, grazing or other

agricultural uses were zoned agricultural. Other lands with limited

potential or with some limiting factors were zoned agricultural, rural

or conservation depending upon location.

Urban districts are generally defined as lands characterized by

city-like or urban uses with sufficient reserves to accommodate fore­

seeable growth. Exact boundary lines were obtained from aerial photo­

graphs with the advice of local county officials. Further, land use
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zoning within urban districts were left to county governments.

Conservation districts are primarily comprised of lands in the

existing forest and water reserve areas. Also included are those areas

which require preservation of natural wildlife, for recreation and parks,

and historic sites. Areas subject to floodin g, erosion, tsunami, land­

slides, volcanic activity and steep topography are also included.

Rural districts are defined as lands comprised primarily of small

farms intermingled with low density residential lots with a minimum size

of half an acre. Permitted uses are similar to those in the Agricultural

district.

To administer the Land Use Law, the Act created the Land Use

Commission. It has the job of classifying all lands both public and

private throughout the State into the established land use districts.

Other responsibilities include supervising and adopting these classifica­

tions within each county; changing district boundaries upon petition by

the State, county or private parties; approvin g or denying special

uses within districts; making amendments to existing regulations; con­

ducting comprehensive five-year reviews; and classifying and establish­

ing shoreline setbacks.

However, the situation is not very simple. The administration of

land use controls in Hawaii is complex. Several department and govern­

ment levels have authority along with the Land Use Commission. The

county governments of Hawaii, Kauai, Maui and Oahu, the Department

of Planning and Economic Development, the Department of Land and

Natural Resources, and the Department of Taxation are all integrally

involved. Also, the various public, playing a variety of roles (i. e.

property owners, lessors, developers, conservationist, etc.) are all
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involved. There are a number of conflicting interests to be resolved

and the problems neither begin nor end with the district delineations

but merely continue.

In 1973, major amendments were made affecting the tax treatment

of agricultural lands. These were encompassed in Act 175. In spite

of the fact that the Land Use Law provided tax incentives for any

agricultural use, despite the district classification, if these lands were

dedicated possibilities existed for subverting the laws' purposes. Roll­

back or retroactive taxes and penalties must be paid if the dedication

is broken but this has not deterred conversion of agricultural land.

The dedication provision, at times, runs counter to the policies of the

Land Use Commission whenever land classified as suitable for urban

growth is dedicated to agriculture for any length of time. One of the

Act 175 amendments tightens the definition of eligibility for tax privi­

leges so that lands of marginal productivity cannot qualify for prefer­

ential tax.

The agricultural land preservation objective of the Land Use Law

is strengthened by another 1973 amendment. This amendment provides

that all agricultural land, whether dedicated or not, shall be taxed at

its value in an agricultural use, regardless of its value in other uses.

Dedicated lands were to be assessed at a value equal to one half of the

assessed use values. Rollback taxes and penalties were increased to

deter further conversion. Also, as part of an administrative rather

than a legislative procedure, a reassessment of agricultural lands was

initiated. The reassessment created a larger gap between use value

and market value. Landowners could now see just how much more roll­

back taxes and penalties must be paid if the land was redistricted and
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how much higher the actual property taxes would be. This added more

strength to the preservation of agricultural land.

However, the Land Use Law did not preclude the possibility of

any land use changes. Many rezoning petitions were received by the

Land Use Commission and a large majority of these were approved.

This pattern of land use changes between districts will be examine d in

a following chapter.

The Hawaii State Plan

In 1975, the Hawaii State Legislature formally recognized the con-

tinuing need to wisely use Hawaii's limited resources. Chapter 225 of

the Hawaii Revised Statutes allowed for the development of a compre­

hensive statewide plan to express the desired long-range future for

Hawaii, and for the establishment of a system for policy plan formula-

tion. The State Department of Planning and Economic Development was

commissioned to formulate such a plan. From 1975 to 1977 a series of

surveys, studies, councils, workshops and hearings were held to inven-

tory and review existing goals and objectives of the people of Hawaii.

In 1978, the Legislature passed the Hawaii State Plan. On May 22,

Act 100 of the 1978 session became law.

It is within these historical, social and institutional contexts that

Hawaii's land use policies have evolved.
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CHAPTER IV

PATTERNS AND TRENDS IN LAND USE DISTRICT CHANGES

Time series analyses in this chapter consist of three basic

components: trend, periodical and residual components. Our focus

will prtmartly be on the trend and periodical components. The trend
-:

component will be explained by using a time variable. The periodical

component will explain the effects of the 5 year Boundary Review by

using dummy variables.

Dummy variable approaches are used to represent various factors,

such as temporal, spatial and qualitative effects. Under the heading

of temporal effects, shifts of behavior relations between' one period

and another are sometimes postulated. The land use case in Hawaii

would come under the heading of temporal effects. For example, the

trend function might be postulated to show an upward shift during

the Boundary Review years. This case may be handled by the

specification of appropriate dummy variables.

To analyz e changes within and between State land use districts,

ordinary least squares regression equations were estimated. These

equations consisted of using acreage time series of urban land as the

dependent variable and time as the independent.

Trend analyses of the state's and Oahu's land use district acreage

show some interesting results.

Urban District

The Urban District for the State (SURB) is gaining land at the

rate of 2,395 acres per year. The functional relationship is:



SURB = 112,756 + 2,395 T.
(12.98) 1

168 (t-statistic is in parenthesis
2 under the estimated coefficient)

.9031 (adjusted R )

47

T.
1

is the time variable, i = 1, 2, 3, ... , 19 (1=1962)

[See Figure 1]

Much of the changes occurred during the five year Boundary Reviews.

The five year Boundary Reviews adjusted acreage between districts

if previous designation were deemed improper.

If the effect of the Boundary Reviews are taken into account,

the functional relationship becomes:

SURB

F

=

=

114,864.0 + 15,017.0D + 1,171.5T.
(10.77) (10.67) 1

701, It=.9873

[See Figure 1]

The effect of the Boundary Review years was accounted for by the

use of dummy variables (D) in the regression equation.

The use of dummy variables directly affect the intercept coefficient.

It is known that the Boundary Review had a direct impact upon the

acreage rezoned in that year, but its effect upon subsequent years'

conversion rates are uncertain. Therefore, it was postulated that an

upward shift of the structure occurred and remained high. The acreage

in years following were based upon the higher baseline. The dummy

variable vector was used to reflect this. The rate of conversion

may be affected by the number of acres converted during the Boundary

Review years.
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The dummy variable vector, D, used in this case was a series

of O's, lis and 1.1's. The zeroes represent the years up to and

including the first Boundary Review, the ones represent the years

from the first up to and excluding the second Boundary Review and

the 1.1 represents all years since. 1.1 was chosen for the third

dummy number because it explained the increases in acreage better

than using 2's. For example, the upwards shift of the line was not

double as it would have been shown if 0, 1 and 2's were used. Instead,

the shift after the second review was smaller than after the first

review.

This sequence of dummy variables also proved to be more significant

than by using the other dummy vectors, i. e. if the structure of the

system returned back to the original system after the Boundary

Reivew then a dummy variable vector using zeroes and ones, with ones

only in the two review year, (0, 1, 0) would have been shown significant.

However, this specification showed a lower adjusted ~ and an insignificant

dummy variable (t-statistic too low).

On Oahu, the Urban District (OURB) has gained 758 acres per

year. The functional relationship is:

OURB

F

=

=

73,822 + 758.04T.
(15.31)1

234, a2 = .9283

[See Figure 2]

With the effect of the Boundary Review years accounted for the

equation becomes:



OURB

F

=

=

74,239 + 3,956.00 + 466.5T.
(+10.50) (14.00) 1

929, R,2 = .9904

[See Figure 2]
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In this case, the dummy variable vector was a series of zeroes and

ones. The zeroes represented the years up to and including the first

Boundary Reviewa.nd the ones in the years following. This vector was

used instead of the previous dummy vector of 0, 1, 1. 1 because the

greatest increase on Oahu came in the first Boundary Review. The

subsequent second review did not have many changes.

For the State and Oahu Urban District Land, the trends appear

similar. There is a general increase in urban acreage each year but

a slowing of this increase is evident when Boundary Reviews are

accounted for. For the State, the first Boundary Review, statistically,

rezoned 15,017 acres and the second added 10% malting the total

16,518.7. This lowered the yearly increases from 2,394 acres to

1,171. 5 acres. Oahu shows the same type of results. The first

Boundary Review rezoned 3,956 acres while lowering the rate of change

from 758 to 466 acres per year.

Agricultural District

For the Agricultural District in the State (SAG) the trend is

(the functional relationship from 1962-80):

SAG

F

=

=

2,134,350.0 - 10,957.6T.
(-5.43) 1

29, Ii2 = .5700

[See Figure 3]
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This shows a loss of about 11, 000 acres per year.

However, if the effect of the Boundary Reviews are again taken

into account (using the same dummy specification as Urban District

Land (0, 1, 1.1) the relationship appears as follows:

SAG

F

= 2,110,270.0 - 171,544D + 3,aOS.QT.
(-18.00) (3.35) 1

-2= 459, R =.9600

[See Figure 3]

This shows an increase in the agricultural acreage during the years

following a Boundary Review. The Boundary Review may have been

much too severe, i. e. rezoning too much land out of agriculture and

the ensuing years compensated for the drastic change. This is not

wholly unlikely. After the massive redistricting in 1969, agricultural

acreage has not been falling off at alarming rates. In fact the equation

shows that it may be rising.

For Agricultural District Land on Oahu (GAG) the relationship

was:

OAG =

F =

159,994.0 - 1,032.09T.
(-8.11) 1

-266,R=.7833

Using dummy variables for the Boundary Review years:

GAG

F

=

=

158,375.0 - 10,639.0D - 248.15T.
(-19.02) (-5.03) 1

194, ji2 = .9902

[See Figure 4]
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The dummy variable vector in this case was also a series of ones and

zeroes. Zeroes in the years up to and including the first Boundary

Review and ones thereafter.

For the State and Oahu Agricultural District land the results are

interesting. For one thing, on the State level the simple time trend

statistical estimates show a loss of about 11,000 acres per year. But

if we take the Boundary Reviews into consideration the effects are

surprising. The reviews immediately rezoned 171,544 acres to other

non-agricultural districts. This is to be expected. However, the rate

of change, now, goes from a negative 11, 000 acres to a positive 3,006

acres. This suggests that the rezonings may have been too severe

and the circumstances in the State led to readjusted district acreages.

Oahu Agricultural District does show the usual results. The

Boundary Review removed about 10,000 acres and the annual rates of

change slowed from around -1, 000 to -250 acres. The question still

remains, however, as to how long we can continue to lose 250 acres

per year before agriculture is no longer viable?

Figure 1 to 4 show plots of the estimated equations. The simple

trend, the trend with dummy variable and the actual acreage figure

are shown for Urban and Agricultural District for the State and

Oahu. These graphs show how the dummy variable affects the

estimation proportion of the trend equation and just how close the

estimates relate to the actual averages.

In each case, the Boundary Reviews lowered the rate of conversion,

so that Urban District changes increased slower and Agricultural

District changes also decreased slower. If the larger changes were
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allowed to occur gradually (without Boundary Reviews) over the

previous years according to "normal" conditions, the trend pattern

may be curvalinear and show a leveling off of conversion (note actual

acreage points).

The trend differences between Boundary Review and non-Boundary

Review equations do not suggest that the acreages would have changed

more slowly if the boundaries were not adjusted. But, they do indicate

the strong impact that such action can have? This implies that the

strength of institutional changes are great. Note that, for the most

part, the number of acres rezoned after the Boundary Reviews slowed

considerably. This implies that the reviews rezoned "enough" lands to

lessen the need for more changes immediately.

One of the problems that the LUC faced was the delineation of

the boundaries. The law, when initially ratified and the boundaries

that were first adopted may have been inaccurate, in the sense that

lands along the sbor eline that were once designated Agricultural (but

were clearly Conservation) were later changed to Conservation. The

first Boundary Review corrected this oversight. Parts of the change

were mandated by the Coastal Zone Management Act which created

setbacks and rezonings along the shores (Yasue).

Agricultural Versus Urban

The relationship between changes in the Urban and Agricultural

Districts deserves closer study. How do the changes in these two

land use districts compare and what can our trend analysis tell us?

For the State, the equations for the Agricultural and Urban
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Districts were (with Dummy):

SAG 2,110,270 - 171,544D + 3,006T.
I

[D = (0, 1, 1. 1) ]

SURB = 114,864.0 + 15,OnD + 1,1nT.
I

[D = (0, 1, 1.1)]

Summing the total acreage changes using the previous equations

over nineteen years shows that the Agricultural District has lost a total

of 134,590 acres, changing from 2,113,276 to 1,198,686. This is very

close to the actual acreage changes. The Urban District, statistically,

changed from 116.035 to 153.631 or a 37,596 increase.

In other words, the Urban District increased by much less than

the Agricultural District decreased. The differences is 96,994 or almost

a hundred thousand acres. The trade-off between agricultural land

and urban acreage is not one-for-one, but far less, almost one-for-four.

The Urban District gained one acre for every four acres lost by

. agriculture. If conversion to the Urban District is to be considered

as an irreversible loss of agricultural land then this loss can easily

be overstated.

Agricultural land has gone into other uses besides Urban. The

major use is Conservation. If the acreage gain in the Conservation

District is accounted for then the loss of Agricultural land appears

less serious. Much of the loss of Agricultural land was compensated

for by gains in the Conservation District.

In fact, early five year Boundary Reviews corrected for initial

designations that later proved irrational. If corrective factors are

reflected by adjustments in the initial designation, the loss of



Agricultural District lands appears much smaller.

Statewide, in the "unpopulated" districts, the Agricultural

District has lost 151,819.0 acres while the Conservation District

has gained 112,235 acres over the past eighteen years.
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-151,819

+112,235

- 39,584

Agricultural acres lost

Conservation acres gained

Net Agricultural acreage lost

This leaves a net loss of 39,584 acres lost if all Conservation District

land gains were from Agriculture.

This is exactly what was gained in the "populated" Urban and

Rural Districts between 1962 and 1980.

+37,044

+ 2,540

+39,584

Urban acres gained

Rural acres gained

Acreage gained

To find the proportion of total Agricultural District lands lost

by islands, we must net out the loss to Conservation.

Change in
1962 Conservation 1962 Agricultural

Agricultural 1962-80 Land Base (Actual)

Oahu 159,652 +3,496 156,156

Maui 277,526 +20,938 256,588

Hawaii 1,311,992 +69,462 1,242,530

Kauai 172,500 +25,658 146,842

State 2,126,014 +122,235 2,013,779
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This also shows that the loss of Agricultural land may be

. overstated. In 1980, there were 1,974,195 acres in the Agricultural

District. using the corrected acreage of 2,013,779 acres there was a

net loss of 39,584 acres rather than the 151, 819 acres using

uncorrected figures.

In actuality, therefore, only 39,584 acres were lost rather than

the 151,819 reported. Most of this 39,584 acres changed .to an urban

use (the Urban District gained 37,044 actual acres). Although the

loss of agricultural lands may be exaggerated, the impact of the

actual can still be substantial in light of the fact that much of this

land was high quality agricultural land.

Oahu shows similar trends. The trend equations for Oahu were:

OAG = 158,875 - 10,639 - 248.1T.
1

OURB = 74,239 + 3,956D + 466.5Ti

[D = (0, 1)]

[D = (0, 1)]

Statistically, over the nineteen year period the Agricultural

District has lost 15,014 acres changing from 158,626 to 143,522. The

Urban District has gained 12,353 acres going from 74,705 to 87,058.

The 2,751 acres not changed to urban has gone to the Conservation

District. Oahu shows more of a one-to-one situation. About 82% of

the agricultural land losses can be accounted for in Urban District

gain. This is significant because a large proportion of the high

quality agricultural lands are on Oahu.

The Land Quality Aspect

Of greater importance than the acreage component is the quality
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aspect. The loss of the best agricultural lands have greater impact

upon the productive capabilities of the agicultural sector than the

loss of marginal lands. The use of high quality agricultural lands for

urban purposes reduces the costs of development because of the ease

of workability and the locational advantages. This lowers the cost of

housing. As important as the identification of the high quality land

is, it has not been until recently that a comprehensive program has

been developed and incorporated into policy (see Appendix F ), although

the Land Study Bureau (LSB) did classify lands by quality ratings as

early as 1968. A need remains to continue the organization of data on

different classes of agricultural use accrading to land quality in a

similar way as the early Land Study Bureau work.
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CHAPTER V

OPTIMAL CONTROL THEORY
ALTERNATIVE MODEL FORMULATIONS

For any intertemporal analytical technique that might be utilized

to analyze land allocation decisions in Hawaii, the problem of model

formulation is critical. In this chapter we will address this problem

in the context of optimal control theory. The model must conform

or agree with the social, institutional, political and economic conditions

that prevail in society, and must also be consistent with the resource

in question. Solutions will differ depending upon the model form chosen

therefore, proper selection is important.

The approach in this case is from two standpoints, one from the

standpoint of market structure and the other from the standpoint

of the nature of the resource. The market structure aspect will be

developed using two polar extremes; perfect competition and monopoly.

The monopoly model will be analyzed with and without costs involved.

The nature of the resources aspect will be developed along the lines

of the stock-flow definition of conservation economics.

The analysis proceeds by examining the effects of market structure

on the nonrenewable or stock characteristic of land. . In these cases,

land will be assumed to have no flow characteristics. The flow aspect

evolves from the renewable soil productivity characteristics of land.

This will be taken separately. The potential applicability of each of

these models will be discussed in the following chapter.
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A Simple Linear Model of Stock Resources:
Competitive Market

In a simple linear model of stock exploitation, first advanced by

Hotelling in 1931, the necessary conditions for an optimum can be

derived.

Let x = x(t) denote the reserves of agricultural land in Hawaii

at a particular time, t. We assume that the initial reserves, R =x(O)

are known. q"'" q(t) denotes the rate of conversion from agricultural

to urban. Thus the state equation is

ax
=IT -q(t) where x( 0) = R

and x(t) > 0 where 0 < q(t) < q
- max

To begin, we assume no development costs or costs of conversion and

that the market is competitive, with price p =p (t) a known function

of time. The problem in this case is to optimize the time of converting

agricultural to urban uses. The State's objective, therefore. would be

to maximize the present value

PV = ~me-rt p I t Iqf t) dt where = co

The solution to this problem is clear. It is simply to sell or

convert all agricultural land reserves, R. at time t = T co The

State would maximize the present value at such time. The problem

reduces to maximizing:

e-rt p (t)R with respect to t > 0 .



Therefore, by differentiation we have
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= r

where the rate of change in price over time is equal to the discount

rate for the optimal conversion date T CXl •

Now, if qmax < + CXl , the maximum principle can be used to

determine the solutions. The Hamiltonian becomes:

H
T

= e-rt p(t)q(t). - A(t)q(t)

= [e-r t pet) - A(t) ]q(t)

The necessary condition o implies A(t) = A =

constant. Therefore A
-rt

= e p(T). In this case the control q(t)

switches from qmax to 0 at t = T. We then have

q(t) =

when pet) < Aer t = er(t-T) peT)

when pet) > ",er t = er(t-T) peT)

As long as p (t) is greater than the non-discounted shadow value

then conversion continues at the rate of qmax. However, if pet) is

less than the non-discounted shadow value, then q(t) becomes zero.

In other words, if the value of land in urban uses is greater than its

value in an agricultural use then conversion should continue. Conver-

sion will continue at q as long as pet) > er(t-T)p(T). This
max
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occurs between TO and T. The length of the conversion period,

T - TO' must satisfy

The Fundamental Theorem of Stock Resources

An analog to the foregoing theory is that, generally speaking, the

real price of a stock resource in a competitive market can be expected

to increase over time at the rate of interest, r. If p (t) increases

at a slower rate, landowners would attempt to dispose of their stock

immediately because a better return is available elsewhere. If p (t)

were to increase at a faster rate than r , landowners would tend to

hoard stocks. They are obtaining a better return on investment by

holding the land. Forces in a competitive market would tend to adjust

real price levels over time such that

fu.!l =
pet) ret) .

This result has been called the fundamental theorem of exhaustible

resources (Hotelling). Unfortunately there is very little evidence to

either support or refute this theorem (Clark).

A Model of Stock Exploitation: Monopolistic Market

As discussed in an earlier chapter, landownership in the State

is heavily concentrated. This concentration lends monopolistic powers

to the major landowners and creates a monopolistic market structure
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within the State. The perfect competition model cannot or does not

incorporate this particular aspect of the land market. A slight modifi-

cation of the model is necessary in order for it to accommodate this

aspect. Let us now examine a model when the perfect competition

assumption is removed and a monopolistic condition is imposed.

The demand curve is p = P (q) , q being the rate of conver-

sion in acres per year. Ignoring the costs of development, the objec-

tive functional becomes:

J{q} = fu
oo

-rto e q(P( q)) dt

axwhere at = -q, x( 0) = R, and q(t) > O.

In this case, the price is a function of q , the rate of conversion.

Unlike the competitive case where price was independent of the conver-

sion rate.

Assume all reserves R will be converted at some finite time, T,

to be determined. Therefore,

q(T) = 0, x(T) = 0 for t > T

The conversion rate at the end of the time period is zero because all of

the reserves are exhausted.

The Hamiltonian

H = e-rt qP(q) Aq



the necessary conditions

the maximum principle
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dH =dq
e-rt MR(q) A- = 0

because H is non-linear in q

MR = .marginal revenue =
/

the adjoint equation implies

(adq) • [qP(q)]

dA-TI = A- = constant

so that

A- = e-r t MR(q(T))

the transversality condition HT = 0 yields A- = e-rt P (q (T )) .

Therefore, we have

P(q(T)) = MR(q(T))

= a~ (qP(q)) q=qT

= P[q(T) + q(T)]P'(q(T))

which implies that

q(T) = O.

Then by substitution MR(O) = P(O).

A- = e-rt P(O)
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Thus, at t = T the shadow price A(t) equals the highest possible

price that can be obtained for the resource. The conversion rate

q(t) must satisfy the maximum principle

MR(q(t)) =

This can be called the monopolistic analog of the fundamental price

theorem. It says that the marginal revenue grows at the same pace

as the rate of discount.

What this means in terms of the conversion rate is that the monop­

oly would convert at a slower rate than a perfect competitor. We

would see a smaller total conversion and a higher price (see Figure 5 ) .

To find the rate of conversion a monopolist would equate MR to Me

and receive price Pm (monopoly price) which is higher than price

Ppc (the perfect competition price) and produces qm (monopoly

quantity). Note that qm is less than qpc (the perfect competition

quantity)

Monopoly Model with Costs

The perfect competition and monopoly models discussed characterize

the different solutions that evolve from the application of optimal control

theory to contrasting market situations. In order to simplify the analy­

sis, costs were explicitly ignored, which in reality must be accounted

for. Let us take the monopoly model one step further and introduce

costs into it and determine how this affects the solution.

In general, the costs of conversion (development), c(x,q,t), are

expected to depend upon the rate of conversion q (t) , the level of

the remaining stock xf t) , and on time t. It is mathematically
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difficult to handle the case with three independent variables, therefore we

will assume, c(x ,q, t) = c(q, t) , where costs are independent of the

remaining level of stock. The following model applies in a monopolistic

situation with a non-linear cost function and when p = p(q, t) , price

being a function of the conversion rate and time.

The objective functional

roo -rt
J{q} = 10 e [q(t)P(q,t) - c[q(tJ,t]dt

is subject to:

axat = -q x(O) = R x(t) > 0 q(t) > 0

The Hamiltonian is,

H = e-rt[qp(q,t) - c(q,t) - A(t)q]

= e-rt{[p(q,t) - Aert]q - c(q,t)}

A = present value shadow price

The necessary conditions:

the maximum principle

aH = e-rt[MR - Me - A] = 0
aq

the adjoint equation

aA(t)
at = A implies that A(t) = A constant.



According to the maximum principle the optimal conversion rate

q = q*(t) must maximize H over the control set q ~ 0 for each

time period, t > 0 •

q*(t) is the unique solution of

.£E. = MR - Aer t
aq

provided this equation has a positive solution otherwise q* = 0 •

To solve for the optimal conversion rate q =q*(t) , we must

first determine the shadow price A. If the exhaustion date is finite,

T , then this can be easily accomplished.

Recall that

= e-r t {MR[q(t)] - MC[q(t)]} - A = 0

Rearranging

A = e_r t {MR[q(T)] - MC[q(T)]}

at time T, MR = P and
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therefore

MC = ac (0 T)ap , where t = T and q = 0

A = e-rt [p (T) - ~ ~ (0, T) ]

Thus, if T is known, then the optimal policy, q(t) can be

deduced. The determination of T , however, is not simple. Also, the

determination of the shadow price becomes progressively more difficult
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as the models become more complex. This is to be expected because

the solution to the problem via the maximum principle reduces to the

problem of determining A(t) . In exhaustible resources models, A(t)

is constant so that the computation can be relatively easily accomplished.

In this case, the analog to the fundamental theory of Hotelling

states that the marginal revenue and marginal cost must grow at the

same rate, r.

The Stock Quality Model of Land

So far, only the stock or site aspects of land have been discussed.

The quality of agricultural land plays an important role in the timing of

conversion. If there are choices between several distinct qualities of

agricultural land, clearly the most profitable one will be converted

first.

Land quality differentials in this stock model are handled differ­

ently from the flow (or renewable) model approach. In the stock

quality model land is being drawn from a finite stock of certain qual-

ities of land. There is no mechanism for increasing the amount of a

certain quality of land, as there may be in the renewable model case.

As the stock of a certain quality is diminished, there is no way to

replace it.

Assume that there are only two sites of land denoted by Xl and

x2 of different qualities denoted by El and E2. Ei=l,2 is measured

by the effort required in the conversion of the respective sites. The

resulting rate of conversion is 8.E. 1 2 where
1 1= ,

8. is a coefficient
1

representing quality. That is, 81 < 82 or 82 is of a better quality

than 81, Also assume that total effort is a constraint or E1 + E2 ~ 1



with E1 ~ 0 and E2.:: 0 .

The owner of the two sites faces a given price p (assumed to

equal 1) and wishes to maximize.
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The present value of the sum of the return from both sites is

subject to:

dx.
1

dt
= -S.E.

1 1

= R.
1

The Hamiltonian becomes:

x.(t) > 0
1

for i = 1, 2

The necessary condition:

the maximum principle

aH -zt- = (e A.) a.E.aE. 1 1 1
1

the adjoint equation

dH
dXi

= -S.E.
1 1



Intuitively, the solution to this system is where

* * *EZ = 1 , or where El = land EZ = 0, or where

*El = 0 and

* *El = E2 = 0 •
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In this case, because xl and X z are both positive, a unit of

effort expended in the conversion of x 2 produces greater revenue

than effort devoted to xl. For instance, high quality agricultural

land is inherently easier to convert to an urban use because of its

level topography. availability of water and favorable climatic conditions.

* *The optimal solution (E l ' EZ) must satisfy:

* *El = 0 E2 = 1 for 0 < t < T- -

* *E - 1 , EZ = 0 for T l < t < T 1 + T 21 - - -

* *El = o , E2 = 0 for t > T l + T 2

Thus, the better quality land x2· will be converted until it is

exhausted at time T1 ' then the lower quality land Xl will be con­

verted. At a time greater than T 1 + T 2 the entire stock of land

will be exhausted.

Summary of Stock Models

Table IV shows the comparative differences between the various

models presented. In each case the objective function, maximum prin­

ciple. adjoint equation and fundamental theorem is summarized. The

stock quality model only accounts for the choice of use if different

qualities of land exists, but only in the stock sense. The land does

not have any renewable components. The renewable components will

be discussed in the following section.



TABLE IV

SUMMARY OF MODELS FOR EXHAUSTIBLE RESOURCES

Perfect Competition

OBJECTIVE FUNCTIONAL

fo
oo

-rt
max 0 e pet) q(t) dt

Hamiltonian

H=e-rtp (t) q(t)-X(t) q(t)

NECESSARY CONDITIONS

Maximum Principle

aH -rt
~ , .• e p(t)-X(t)=O

Monopoly
Without Costs

fo
oo

-rto e qP(q) dt

-rtH=e qP(q)-Xq

aH = e-rtMR(q)

dq -X=O

Monopoly
With Costs

fo
oo

-rto e [q(t)P(q,t)-c[q(t)]]dt

-rtH=e [qP(q,t)-C(q,t)-X(t)q]

aH - -rtMR-MC- X = 0-- edq

Quality

fo
oo

-rto e [81E1+82E2]dt

-rt
H=e (81E1+Q2E2)-

X
1

6
1E1-X 18

aH - (e-rtX )8.E. =0
- - i I Ias.

I

Adjoint Equation [ ~~ implies X =constant so that]

A = e-rtp(T) A = e-rtMR(q(T)) X = e-rt[p(T) ~ ~ (0, T)] A. = -8.E.
I I I

Fundamental Theorem

.
~=r
p

MR
MR = r

•
MR
MR =

.
MC
MC = r

"-J
.;:.
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A Model for Flow Resources
Defiiiitions --

Land is endowed with not only stock but renewable [flow]

characteristics. A resource can be considered renewable if different

units become available for use in different time intervals, and it is

possible to maintain use indefinitely provided that the flow continues.

In one class of flow resources human action does not significantly

affect flow in future intervals. Solar and other cosmic radiation, winds

and tides fall under this category. The duration of these flows may be

assumed infinite. The problem is not availability but utilization, i. e.

the development of proper technology. In a second. more economically

important class of flow resources, human actions in any given interval

may change some or all future rates of flow. These changes affect time

patterns of revenues and costs and therefore future rates of use.

This second class of resources can be further subdivided into two

subclasses according to the existence or non-existence of a critical

zone in the decrease that is caused by human action.

A critical zone is a more or less clearly defined range of rates

below which a decrease in flow cannot be reversed economically under

present foreseeable conditions. Often, this reversal is not only uneconomic

but also technologically impossible. The flow rate does not have to

be zero for economic irreversibility to occur, i.e. if highly complex

ecological relationships are affected. Economic irreversibility also

depends upon technology. tastes and preferences, and social institutions.

These are in constant change. What is irreversible now may not be at

some future date. The other subclass is flow resources without a critical

zone. An example of this is precipitation caused by human action.



Land as a Flow Resource

In the previous sections, where land was considered strictly

in its stock component, the conditions of the resource was that its

total physical quantity could not increase significantly with time.

However, land also has flow components, flow components with a

critical zone.

The flow components of land are primarily realized iri its

renewable soil productivity attributes with support from avaialble

technology and management. Certain land quality characteristics

are attributable to physical aspects which are largely uncontrollable

by man. For instance, the formation of soil horizons, temperature,

and sometimes water regimes fall into this category. These land

qualities can limit or enhance agricultural productivity. Other land

qualities, Le., soil fertility, soil pH and organisms related to land

conditions are, to some extent, controllable by means of proper

management and available technology. The critical zone of land

resources, in terms or a specific site, is reached when productivity

is decreased to such an extent that it is impossible under present

technology to restore the productivity. For example, if severe gully

erosion were to make the land unworkable or if sheet erosion were

to remove all of the topsoil, a critical zone for that use would be

reached.

Context of Hawaii

From the statewide point of view, total land acreage is fixed.

However, by looking at the productivity of certain agricultural sectors
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and possibly at the entire agricultural industry, an idea of the

renewability of land can be seen with a possible critical zone.

In this sense, it is the physical biomass that can be reaped over time

by utilizing appropriate inputs that is indicative of the renewable

aspect of land.

As far as total farm acreage is concerned, over the past 20

years, it has declined by 210,000 acres net, form 2,500,000 in 1962

to 2,290,000 in 1979. However, in this same period, production volume

and value has increased. Some of the losses of agricultural acreage

were recouped by rezoning Conservation District of Rural District

lands to agricultural. This can only have occurred to a limited extent

and is minimal in terms of its impacts upon productivity. Major gains

in productivity were primarily due to new technology and motivated

management.

Much of this acreage loss was in the large scale plantation

agriculture sector of sugar cane and pineapple. These inductires

are larger and are more able to adopt new technology because of their

economies of scale. In sugar cane, new drip irrigation methods use

water more efficiently thereby increasing yields. Also to a lesser

degree, lands lost to urban uses were replaced by less productive

acreage or by rezoning other land in an attempt to maintain production.

The renewability or flow component of land, therefore, depends

upon the nature and amount of inputs, and the rate of harvest. The

relationship between these factors determine the productivenss of the

land. Changes in these relationships may alter the productiveness of

the land. Changes in these relationships may alter the productive

capabilities of the land to such an extent that a critical zone is

approached and overall productivity declines.
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Optimal Control Approach to Flow Resources

Control theory application to renewable resources are most highly

developed for forestry and fishery resources. Can such approaches

be adopted for analyzing land use changes in Hawaii when land is

viewed as a renewable resource? A first attempted at such a adapta-

tion is presented in this section.

Basic Relationships

In the State of Hawaii, five land quality classifications have been

developed by the former Land Study Bureau. These designations are

based primarily on topographic, climatic and other inherent features of

the land. The allocation of land within the quality classes appears as

follows:
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Figure 6. Percentage of Total Acreage in State
by LSB Quality Class

Source: Land Study Bureau, 1968
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There is a greater percentage of poorer quality land available than

good quality land. Theoretically, initial development would occur on

the good quality land. After the initial development of the good quality

lands, the annual production, RO(t), could be maintained by addi­

tional capital and labor inputs, L(t) , per given stock size, S(t).

This idealized yield-effort relationship can be seen as follows:

ANNUAL MAXIMUM BIOMASS offtake

----- Idealized

~_- R(Ll,Sl)

-------. R(L2,S2)

CAPITAL-LABOR INPUT L(t)

Figure 7. Theoreized Yield-Effort Relationship

If L(t) were expanded without limit over the entire A and B

acreage, then the annual maximum production could be approached.

Of course, this may not be economically efficient, i.e., mc > mr .

In fact, increasing inputs may actually reduce the production gener­

ated from the land. For example, adding too much fertilizer may

injure or .kill the plans, or over-plowing may compact the subsoil

inhibiting drainage.

Generally, all of the acreage will not be used. But it is usually

easier to produce more, the more acreage that is available or the



bigger the production area for any given level of capital labor input.

Therefore the curves would appear below the ideal. The stock S1 is

greater than S2 in Figure 3.

The relationships between stock size and agricultural productivity

can be seen by the following graph:

S*

STOCK SIZE (Acreage)

Figure 8. Agricultural Productivity as Related to
Stock Size

S* is the stock or acreage associated with the maximum produc-

tivity. It represents the maximum agricultural output that could be

sustained indefinitely given a level of capital and labor inputs without

decreasing the inherent fertility of the land by decreasing acreage or

abusing the soil. At S*, the productivity is what is known as the

maximum sustainable yield.

At SL ' the lower limit, the size of the agricultural district is

too small to support an economically viable commercial industry. The

diseconomies of scale are great and therefore productivity is low. As

more acreage is added, SL approaches S* and the economies of
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scale become important and productivity increases.

As acreage increases past S*. this means that less inherently

fertile lands are being used or diseconomies of scale are once again

entering into the picture and productivity declines. Past Su ' the

upper limit. the capital and labor available cannot support the size

malting overall productivity negative.

Optimal Land Management Over Time

Assume that the production function is as follows:

RO(t) = g(L(t). S(t), t)

The returns from the stock is a function of L(t) , the capital-

labor inputs. S(t) , the size of the stock and, t, time.

The productivity is a function of the size of the stock:

q(t) = q(S(t))

The stock accounting identity is:

+ fotSet) = S(O) JI (q(t) - R(t))dt

where the size of the stock in time period t is a function of the

initial level of the stock plus additions due to changes in productivity

(R(t)) .

The problem is now to maximize:
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where D is a revenue function and w is cost of inputs. Maximiz-

ing L (t) is analogous to maximizing net revenues.

The Hamiltonian is:
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H = w • L(t) + A(t) [q(t) - RO(t)]

Maximizing with respect to L(t) (maximum principle):

w

pet) = + A(t)

= MC (t) + A(t)

pet) is the price of the agricultural output, MC is the marginal

cost of producing agricultural goods and A is the shadow price per

unit of output. A represents the optimized intertemporal opportunity

costs of one additional unit of agricultural output, i. e. future costs

that would take the form of increased costs and reduced productivity.

A must accurately reflect the intertemporal opportunity cost.

An idealized social planner attempting to manage the use of land

and the resultant productivity would recognize this intertemporal oppor­

tunity cost and would adjust the productivity rate at each point in

time such that the last unit of productivity generated an apparent

price profit of ACt); apparent because it is offset by the present

value of the future opportunity cost. However, an outsider looking in

would see this profit and if there is additional investment this would

reduce profits and stock falls below a desirable level.
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An intuitive implication of this model is that the stock should be

adjustable to a level at which carrying forward one more unit will yield

an increase in net return equal to that return that could be gotten in

other investments. For example, when the discount rate is high in

relation to rate of return on added stock, stocks would be drawn down

until the rates are equal. It is possible that total elimination of the

stock is most economical. If discount rates are low, net returns should

fall as stock productivity is increased.

Maximization of net present value by employing a optimum dynamic

strategy need not (but may) imply elimination of the stock. Does this

mean that economists would recommend this elimination under appro­

priate market conditions? Social decisions take place under a multi­

objective or multi-criterion framework of which economic net benefits

are one criterion. A responsible economist would generate information

on the present value of land in agricultural use under a variety of

conditions. If the highest present value of net benefits appears to be

generated by a pattern of land use that would eventually eliminate

agricultural land use, this should be stated along with other informa­

tion. The planners would then understand the trade-offs involved and

proceed with their decision.
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CHAPTER VI

POTENTIAL APPLICABILITY OF OPTIMAL CONTROL THEORY:
MODELS TO THE CASE OF LAND USE IN HAWAII

In the previous chapter several models were discussed depending upon

market forms and the stock-flow nature of the land resource. In this

chapter, using empirical data where available, an attempt is made to appraise

the potential applicability of these various models.

The Perfectly Competitive Model

One of the divergences of this model from actual experience is the

solution to the problem when qmax = + 00. (i. e. maximum conversion is

positive and infinite). The conversion or selling of all of the agricultural

land reserves in the state at time infinity (t =Too ) is not only unrealistic

but makes no sense. Decisions to convert are made by individuals with

different incomes, different time preferences, and for different reasons.

Conversions do not occur all at once, but in various increments over time

depending upon the various factors (not necessarily limited to economic)

which influence individual decision-making.

In the case of q <+ 00, the solution here is a "bang-bang"max

switching function where q(t) =qmax when the price pet) is greater

than the non-discounted shadow value, and q(t) =0 when pet) is less

than the non-discounted shadow value. Given that pet)

individual has two choices, convert or not to convert.

rt> I.e ,an

Theory tells him

to convert. For the individual with single parcel of land the decision

rule means all or nothing, when pet) > Aer t, q(t) =q .max

From a statewide perspective, neither of these solutions are



appropriate. We do not know when Too is and even if this were known, it

would not be in the State's best interest to allow conversion of all

agricultural reserves at such an unknown future date. It is desireable

that the State hold a certain amount of agricultural land insure future

'food producing capabilities.

The switching between qmax and zero is not seen on the statewide

level. Land use conversion from agricultural to urban occur more or less

continuously at a rate of about 10,000 acres per year. The five-year

boundary reviews tend to convert larger acreages; but during subsequent

years, the annual rate is, again, about 10,000 acres.

The assumption of perfect competition in the Hawaii land market is

not realistic. In looking at the structure of the land market, a highly

concentrated one is evident. The State, County and Federal governments

together are the largest landowners, controlling about 48% of the total

land area, another 45% is controlled by fewer than 40 landowners, each

with 5,000 acres or larger, and only about 7% is owned by the rest of the

populace. This concentrated structure affords its larger participants

oligopoly-like power. Without social controls, prices might be manipulated

for private profits by the amount and timing of land conversions. The

State of Hawaii formed the Land Use Commission (LUe) in an attempt to

counteract the power of the large private owners and to mitigate the

otherwise oligopolistic effects in the State. The LUC has jurisdiction

over the amount and timing of acreage conversion and is thereby, vested

with great potential for influencing the movements of land prices in

Hawaii. The legal and economic limits of the LUC's decision-making

power are vitally important in balancing the social interests in the
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State. Allegations that LU C decisions have been based on political

rather than economic motivations are not uncommon (Lowry). In any

case, the landownership pattern and institutional framework in Hawaii

both depart considerably from the perfect competition model. This

does not preclude the possibility', however, that the fundamental principle

of the model may have potential applicability in analyzing our Hawaii

case.

Potential Applicability of the Fundamental Theorem

to the Case of Hawaii

The fundamental theorem states that, at the optimum, the relative

rate of change in prices (pIp) should be equal to the discount rate, (r) .

pIp = r

Prices, in our case, are interpreted as conversion prices which, in

principle, should reflect the value of development rights net of all

transaction costs and the foregone value in agriculture. The discount

rate, (r), might be the opportunity cost of capital or the rate of time

preference. This depends upon the level of decision-making. The

operational potential of this principle depends not only on data

availability, but also on the purpose of application since the latter

is crucial in specifying the definitional details of the data requirements.

For the moment let us sidestep this crucial issue and experiment

with some crude price data obtained from the Multiple Listing Service

of the Honolulu Board of Realtors. The results of this experiment might

be helpful in confronting the more crucial question of purpose.

In column (2) of Table V, the annual average prices (in current
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terms) of all properties sold on Oahu are given for the 12 year period covering

1967-78. This includes all properties sold and recorded in each year--for

single family dwellings, condominium units, income and vacant properties

combined. These prices cannot be interpreted as conversion prices, but

may be somewhat indicative of the direction and rates of change of such

prices. Although the absolute levels are not important, further manipulation

of the data is necessary to avoid problems of inflation, wide annual

fluctuations in the raw data, and to arrive at relative rates of 'change in

real terms.

Consumer prices indices for Oahu are used to deflate the current price

sources--this is shown in column (3). Relative incremental price changes

throughout this series is given in column (4). Three year moving averages

are computed to dampen the annual peaks and troughs, column (5). Indexing

to the base year 1967 helps avoid any possible misinterpretations of the

absolute levels of these prices, column (6). Finally, in column (7) the

relative rates of changes in prices (indexed) are obtained from the simple

trend coefficient 0.02095 for the series in column (6). What can we say

from these results?

Theoretically, if pip < r, landowners would tend to liquidate their

landholdings immediately and if pip > r landowners would tend to hoard

their stocks. Over time, the relative changes in prices would adjust

toward the discound rate, r. Column (4) of Table V shows this adjustment

process occurring in the State. In 1968-69 the discrete incremental time

rate of change was 4.18%. This was probably greater than the perceived

effective rate because during that year prices rose, indicating that

either supply was withheld from the market or demand increased because



TABLE V

AVERAGE SELLING PRICES OF PROPERTIES SOLD ON OAHU
1967-1978

( 1) ( 2) ( 3) ( 4) ( 5) ( 6) .r7)

Deflated b. ~X100
Prices Index of Deflated PI

3-yr Moving 3-yr Moving --x100
Year Current Prices ($) Annual Ave. ($) t-1 Ave. ($) Ave. Price P

I (%)

1967 38,410 38,410
1968 42,546 40,988 40,200 1. 060 1. 98
1969 46,333 42,703 4.18 40,960 1. 066 1. 97
1970 44,755 39,190 - 8.23 43,740 1.139 1. 84
1971 58,651 49,328 25.67 47,476 1.236 1. 69
1972 60,810 53,910 9.29 52,799 1. 375 1. 52
1973 70,769 55,159 2.32 53,015 1.380 1. 52
1974 70,918 49,977 -9.32 50,418 1. 313 1. 60
1975 71,485 46,119 -7.72 47,487 1.236 1. 69
1976 75,483 46,365 0.05 46,659 1.215 1.72
1977 81,213 47,933 2.43 47,947 1.248 1. 68
1978 82,076 49,985

Properties sold include data for single-family and condominium properties for all years and income
and vacant properties through 1977.

y = 1.1116 + 0.02095t, r = .56

Source: Multiple Listing Service, Honolulu Board of Realtors.

00
00



89

land was a good investment. In the following year 1969-1970, b. Pt /Pt-1

was -8.23%. In this time period land did not appreciate as rapidly as

other investments, thus owners tended to liquidate, increasing market

supply and, thereby, decreasing prices. In other words, since prices

·did not rise as rapidly as the discount rate, land was not a timely investment.

This adjustment process continues throughout the entire time series and is

still occurring today.

The low instantaneous rates in column (7) may be indicative of low

time preference rates which reflect concern for the future. This may be

the result of strict and ever tightening institutional controls that preclude

"normal" conversion.

The results in column (7) might also be interpreted in terms of an

approaching equilibrium rate. The computed values of pIp fall in a

narrow range between 1. 84 and 1. 98 with an apparent steady state level

being approached in most recent years falling between 1. 6 and 1.7. This

may given an indication of what the "real" interest rate is in the land market.

A word of caution, however, is required at this point. Such interpretations

of these results may be dangerous since the results are developed for a

linear rather than a non-linear or curvalinear trend which may be more

realistic. By using a linear trend, simple arithmetic shows that a steady­

state or "equtlibrtum'' rate will be approached because if the marginal rate

of change is constant and the linear trend is positive then the relative

rate of change will decline steadily or converge on an equilibrium. A

curvalinear trend, however, would show fluctuating relative rates depending

upon the equation specification and the time variable.

Based on these preliminary experimental results, there appears to be

potential applicability in this analytical approach. The actual realization
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of such a potential, however, depends upon further analytical retirements,

in terms of both model formulation and data requirements.

The structure of the land market in Hawaii we said earlier resembled

the oligopoly form. What is the potential applicability of the monopoly

model in analyzing this oligopolistic land market? The monopoly model

without costs represents the extreme case of market concentration and

therefore may be the most sensitive in detecting non-competitive behavior.

In the previous chapter, the fundamental theorem in this model was

stated in terms of marginal revenues instead of prices

mr/mr =r

The optimal rate of agricultural land conversions should be where the

relative time rate of change in marginal revenues are always lower than

that of prices in the monopoly model. If conversion costs are zero, then

marginal revenues are also zero at the optimum. The fundamental theorem

equation breaks down to an undefined rate of discount.

0/0 = r undefined.

No empirical analysis is needed to obtain this result, and it is difficult

to see how such a monopoly model without costs which appears in the

theoretical literature can have any validity to it at all.

Costs must be accounted for since, if there were no costs, there

would be no economic deterrent to the eventual loss of all agricultural

land. The monopolist can control prices down to the last unit of land.

As long as there exists a willing developer who can afford the price;

all agricultural lands are destined to be converted out. Also, the rate

of conversion would be at a higher level than if costs were taken into

account.
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Figure 9 shows that. in time. all agricultural lands would be converted

out if there were no costs involved. At time. t , the total amount of

acreage available is Q 0; if there were no costs. the point where mr = 0

would determine the amount of acreage converted and the price. In this

time period. would be Q 1 and Pl' At time, t 2• the same situation would

exist, only this time there is only half the initial acreage. The amount of

agricultural land would diminish with each succeeding time period until,

in the limit. it is totally converted.

If such a prospect were not in the social interest. then the expectation

would be for counteracting measure through public policy. The institutional

structure provided by the Hawaii Land Use Law might be interpreted

as providing the system of rules for controlling operating level decisions

in the social interest; since we know. decision-making at this level in

Hawaii is highly concentrated. In principle. the social costs of conversion

should be taken into account in this institutional decision system and a

model with costs as an explicit variable is needed.

Monopoly Model with Costs

The monopoly model with costs may be better suited to the land use

control problem in Hawaii. There are both costs and benefits associted

with the conversion of land. The benefits are connected with the returns

from development and the remaining acreage of agricultureallands. There

is a stock or reserve of agricultural land that is being converted at a rate

of q (t) , which has both explicit and implicit value. In its "natural" state.

agricultural land has explicit value in terms of its food producing

capabilities and for its open space value. Implicitly, agricultural land

value is due to its suitability for urban uses.
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The benefits of agricultural land conversions (i. e. development) are

associated with demand forces which in turn are reflected in economic

growth in the State. In this sense, the construction, defense and tourist

industries contribute to the benefits aspect of agricultural land conversion.

The increase in construction activity is largely due to increases in population

that demands more housing, and an increase in tourism that requires space

for resort facilities. Defense spending is wholly exogenous. The decision

to increase defense spending or to increase the number of military

personnel is made in Washington, D. C., regardless of the economic

conditions in Hawaii. Tourism has conflicting effects. On one hand,

growth in the sector accompanies development of agricultural land. But

on the other hand, as more and more acres of land are removed from

agriculture, the attractiveness of Hawaii is reduced and decreases the

growth of the tourism sector.

By converting agricultural land to an urban use, the costs are the

foregone agricultural production, the decreased open space value and

the loss of an option for the land, assuming that conversion to urban use

is economically irreversible.

The problem with adding costs to the model is the quantification of

these costs. The value of the open space cannot be easily measured because

it is based on qualitative judgments and many factors account for its value.

The loss of agricultural land is difficult to measure in terms of loss of

future food producing capability. The future is always uncertain, and

losing agricultural land mayor may not have a detrimental effect on future

productivi:-y. The quality and the agricultural use of the converted

land are also important. Certain uses and, of course, the loss of prime
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agricultural land would have different impacts upon the State than if

other uses and non-prime land were lost.

Attempts have been made in this area by other economists, especially

in measuring benefits from a wilderness. The results have not been

conclusive. In the future, new methodologies have to be developed to

estimate these benefits.

However, if it were possible to quantify all of the relevant factors

and their "true" relationships, this would be the proper specification to

use.

Relationship Between Land Prices and Conversion Rates

In spite of the complex conceptual and empirical problems that remain

in properly accounting for and measuring the benefits and costs of agricultural

land conversions, the monopoly model still suggests a positive relationship

between land prices and conversion rates. Does such a relationship exist

in Hawaii and If so can it ;)e measured? Using aggregate statewide data, let

us look into this issue rrorn the perspective of existing institutional

realities.

The Land Use Law was instittuted in 1961 to control indiscriminate

conversion of agricultural lands. But, it does allow for some conversion.

Massive rezonings have occurred during the boundary review years, when

rezoning occurred with and without the owner's request. This may

provide a clue to answering the questions. It seems, by casual observation

of the data, that whenever property values increased rapidly, more annual

conversions were approved or more acreages were rezoned during the

boundary reviews. Was this an administrative means to offset the oligopoly

power of the major landowners?
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In Figure 10, the time paths for real average prices and acreages

converted can be seen. This may give us some indication as to whether

the acreages rezoned had an effect on selling prices. Some people feel

the opposite, that this relationship is reversed; in other words, price

.changes affect acreages rezoned. This is a dangerous theory to support

because if it wre indeed true, then the larger the area zoned urban the

cheaper the housing prices would become. Much of this expansion may

occur at the expense of agricultural land (LUe, 1969). An analysis of

these two relationships follow. Here, the issue of land quality is particularly

relevant, but will be left for later discussion.

Regression analysis does not support the hypothesis of acreage

changes affecting prices. By running a regression between changes in

average real price and changes in urban acreage the coefficients were:

Change in
Average Prices = 0081.44 + 2.21994 (Urban Acreage Change}t_2

(2.704) ( Approved)

2
R = .5110, F = 7.3155, DW = 1.5453

This equation shows that the number of acres converted two time periods

ago has a positive not negative effect upon today's prices. That is, the

more urban lands available the higher the prices become. It is contrary

to our initial thought.

Does the price affect the number of acres converted? Simple statistical

analysis shows that prices do have an effect upon the amount of acres

converted. If the price increases, the total amount of acres increases.

The following equation shows
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Total Urban Acreage = 78,064.6 + .1213 Pt-1
(5.1618)

2R = .7693, F=26.6800, DW = .0572

that the total urban acreage is a function of the average price of sales

'lagged one time period. This indicates that as the price of housing

increased, more conversions were approved by the State. The reasons

for this are unclear although it may be because of conscious attempts to

control housing prices through land conversions. Last year's prices

determine how many acres are converted this year, the higher the price

the more acres are converted in order to dampen the price increase.

On the other hand, this phenomena may be merely a reaction by the

public, mainly developers, to price increases. As prices increase,

developer's expectations of further price increases are reinforced;

therefore more acreage is desired for rezoning to urban and the State

is petitioned with more requests. It is just a matter of the number of

petitions received that determines the amount of conversions and not a

concerted effort by the State to control land prices, that is, the more

acres that are petitioned for conversion, the more that will be approved.

However, this indicates that price does have an impact upon total urban

acreage because of public expections and not through purposeful

manipulation by the State.

Simple regressions were performed to determine if price has an effect

on the amount of acreage that are petitioned for rezoning. The change in

requested acreage was postulated as a function of the change in price.

Results show that there is no significant relationship between prices and

requests. Developers do not seem to act on the basis of price alone.

The reaction by the State may be observed in their tendency to
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approve acreage rezonings. A simple regression was run between a

ratio of approved and requested acreage (approved/required), and price

to determine if a significant relationship exists between price and the

tendency to approve requests. For example, if price increased the

proportion would also increase. Again, however, there was no significant

relationship. The proportion of acreage approved does not depend upon

the price. Apparently, Land Use Commission approvals are not based

solely upon the necessity to control prices in Hawaii, although if "enough"

acreage were rezoned to urban this could have a dampening effect on

prices. Decisions to approve are based upon the key criterion, "land

use amendments shall be approved only as reasonably necessary to

accommodate growth and development" (LUC, 1975). The State is mandated

to maintain a ten year urban buffer for projected growth. Price increases

and profit are major motives for rezoning requests. however, they do

not significantly impact upon the decision.

The results of the preceding analysis do not suggest that the State

is able to control prices or even has the desire to do so. In fact, the

State may be inadvertantly maintaining high prices by not allowing all

of the acreage requested to be rezoned. This may be the cost that the

public must pay in order to achieve preservation goals.

Looking at price as a function of requests to determine if price

would be affected if all of the acreage that were requested for rezoning

were approved, in order to indirectly discover if the State does indeed

affect prices. the following equation was estimated.



TABLE VI

TOTAL ACREAGE REQUESTED FOR REZONING
TO URBAN: OAHU, 1963-1980

99

DATE

( %)
APP
REQ APPROVED DISAPPROVED

TOTAL
REQUESTED

1963 3.5 275.0 7,510.8 7,785.8

1964 24.6 177.0 603.1 720.1

1965 66.7 90.0 44.9 134.9

1966 64.9 1,490.1 807.0 2,297.1

1967 1.8 42.6 2,326.0 2,368.6

1968 18.3 550.1 2,449.0 2,999.1*

1969 31. 8 1,014.0 2,173.9 3,187.9

1970 16.26 3.3 17.0 29.3

1971 25.4 221. 4 651. 7 873.1

1972 -19.9 -66.0 397.3 331. 0

1973 70.8 866.4 357.3 1,223.7

1974 15.0 475.7 2,684.0 3,159.7

1975 103.9 1,093.1 -41. 6 1,051. 5

1976 1B.5 72.6 320.0 392.6

1977 0.0 0.0 0.0 0.0

1978 84.4 1,230.1 227.0 1,457.1

1979 1.6 3.0 184.8 187.8

19BO 100.0 175.3 0.0 175.3

* Excluding boundary change.
Source: Land Use Commission Records



bPrice = f( t. Requests)

100

Change in
Real Average Price

= 3707.77 - 2.62377 Change in
(-2.473) Acreage Requested (t-1)

-2R = .4663, F =6.1167, DW =1.3866

This equation states that if all of the acreage requested were approved

then any increase in the number of acres requested in t-1 (I ,e , rezoned)

would have a negative impact of price changes in the present 'pertod . The

State by not allowing all conversions may be inadvertantly maintaining

high prices.

The statistical significance of this equation, however, is quite low.

The t and F statistic and the R2 do not reveal high significance. The

results, more acreages lower prices, do not seem to be consistent with

the real world. No definite conclusion can be drawn from this single

equation.

The Flow Resource Model

In dealing with the renewability of land resources, the problem

appears to become narrower and more site specific. It is difficult to

aggregate State totals of agricultural productivity into meaningful and

significant relationships. The diversity of the agricultural sector as

signified by the variety of crops grown and the differences in farm size

are some reasons that discourage aggregation. Also, physical units of

agricultural output are not additive. For instance, tons of cane harvested

and' tons of pineapple are not comparable. Price in dollar amounts are,

but may be subject to many more economic influences, i ,e. demand and

supply, rather than showing "true" productivity of the land.
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TABLE VII

ACREAGE /ISLAND
AGRICULTURAL LANDS OF IMPORTANCE TO THE STATE OF HAWAII

PRIME UNIQUE OTHER TOTAL LAND AREA

KAUAI

acres 54,916 388 36,673 91,977 353,900
%of island 16 10 26
%of state 18 1 6 9

OAHU

acres 55,563 9,006 29,990 94,559 385,300
%of island 14 2 8 24
%of state 18 29 5 10

MAUl

acres 70,714 2,519 85,831 159,064 465,800
%of island 15 1 18 34
%of state 23 8 13 16

LANAI

acres 16,969 8,149 25,118 90,500
%of island 19 9 28
%of state 54 1 3

MOLOKAI

acres 7,726 763 29,603 38,092 165,800
%of island 5 18 23
%of state 3 2 5 4

HAWAII

acres 115,391 1,675 452,298 569,364 2,573,400
%of island 4 18 22
%of state 38 5 70 58

STATE OF HAWAII

acres 304,310 31,320 642,544 978,174 4,034,700
%of state 8 1 16 24

Compiled January 1978
Source: Hawaii State Department of Agriculture
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If we take a step downward and break up the agricultural sector inti)

its components, i.e. sugar, pineapple, diversified agriculture and pasture,

it is possible, at least for the larger sectors, to collect data. Sugar cane

land productivity per acre was compiled for the years 1962-78 and compared

to the total harvested cane acreage to try to determine if the stock size­

productivity relationship holds true. Several specifications of the

relationship were postulated and estimated, none were found to be

significant. Although scanning the data showed that the maximum

productivity (yield/acre) occurred when harvested cane land acreage

was about 111,000 acres and lower productivity at lesser and greater

acreages; regression analysis did not show any significant relationships.

Using linear, quadratic and cubic specification did not change these

results. Significance tests of estimated coefficients showed that the

numerical estimates were not meaningful at a 95% level of confidence,

t and F coefficients and R2 were too low to be of any use. More site

specific data, perhaps selected parcels by plantations, may be necessary

to obtain meaningful conclusions.



CHAPTER VII

CONCLUSIONS

Optimal control theory was examined for its potential applicability to

analyzing the problem of land use control in Hawaii and to develop a

deeper understanding of this analytical technique. Land was separated

into its two major components, the stock (non-renewable) and flow

(renewable) components in order to determine how land use conditions

affect decisions depending upon the nature of the resource. Several

specifications of the model were discussed, ranging from a simple linear

competitive model to, monopoly with costs, and a flow resource model.

Optimal control theory has been applied to economic allocation

problems of a variety of resources, including fisheries, forestry and

water, but actual modelling of a system has been limited due to problems

of data, and empirical estimation cannot be relied upon for decisionrnaking.

However, control theory does provide useful concepts that can be of

value in analyzing real world phenomena. Optimal control theory shows

that static equilibrium conditions have their counterparts in intertemporal

economic analysis.

One such concept is the fundamental theorem which relates the

relative rates of change in resource values to the time rate of discount.

The analysis showed that even if a complete model could not be developed

the fundamental theorem could be potentially applicable. Using aggregate

housing price data obtained from the Multiple Listing Service of the

Honolulu Board of Realtors, the analysis shows that the fundamental

theorem has potential for explaining certain real world occurrences.
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The analysis determined a "real" interest rate of real estate was about

1.6% per year. This positive rate although quite low may indicate a low

time preference rate which reflects concern for the future because landowners

tend to preserve agricultural land by refraining from converting land to

an urban use. This may be reflected in the strict and ever-tightening

institutional controls that preclude "free" conversions in a "laissez faire"

sense.

This result, however, must be viewed with caution, since it was

developed using a linear rather than a curvalinear trend which may be

more realistic. The example is only an experiment with an analytical

approach to determine if there is potential applicability. There is

potential in the approach, however, there still exists opportunity for

further analytical refinement in terms of model formulation and data.

The fundamental theorem in the previous case was derived from

a perfect competition model without costs taken explicity into account.

A more appropriate model is one that directly accounts for an imperfect

market structure and all costs involved. The problem with adding costs

is the quantification of these costs. The value of open space cannot

be easily measured because it is based upon qualitative factors. The

loss of agricultural land is difficult to measure in terms of loss of

future food producing capability. Attempts have been. made in this area

by other economists, especially in measuring the benefits from a

wilderness. It was not in the intent of this dissertation to analyze

this area in depth but merely to acknowledge all important factors.

In spite of the complex conceptual and empirical problems that

remain in properly accounting for and measuring the benefits and costs

of agricultural land conversions the monopoly model still suggested a



positive relationship between land prices and conversion rates. The

analyses showed that Hawaii wants to control indiscriminate land use,

however, it was difficult to prove causality. The effects of land use

decisions made by the State and those forces affecting those decisions

could not be definitively explained, although several interesting

insights were obtained. The most significant being that the state may be

inadvertantly maintaining high land prices.

Hawaii was used as a case study to provide a convenient and relevant

framework within which some of the principles of optimal control theory

could be applied. The institutional structure was described in order to

reconstruct the framework that has evolved over time that controls land

use decisions.

Using the statewide land use districts of Agriculture, Urban,

Conservation and Rural as the basis for analysis, this study has shown

that the loss of Agricultural District lands have been overstated when

the early redistricting is not correctly taken into account. Agricultural

acreage loss since the implementation of the Land Use Law in 1962 is

151,819 acres, however, if changes to the Conservation District is

taken into account then the actual acreage loss is 39,584, or about

one-fourth of the reported acreage. Most of these acres were converted

to the Urban District which gained 37,044. The remainder was converted

into the Rural District; a transitional type district established during

the early phases of the program.

Although the losses of Agricultural District lands are exaggerated I

it is important not to underestimate the significance of these losses. A

number of these lands were good quality agricultural lands and their
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uses are economically irreversible. A major portion (70%) of the converted

lands were high quality lands which are scarce in the islands. Also,

agricultural import dependency has risen to a very high level despite

continuing state policies toward agricultural self sufficiency.

The patterns and trends chapter provided additional insights into

the agricultural land conversion situation. Using simple regression

analysis on time series data, statistical comparisons were made between

boundary review and non-review years within a district; and between

Urban and Agricultural districts using dummy variable techniques to

account for the periodic redistricting effects of these 5 years reviews.

The estimated equations indicated that institutional effects have an

impact upon the system of land classification in Hawaii. In all cases,

on including versus not including boundary reviews the rate of conversion

changed significantly because of the massive redistricting during

those years. In the case of Agricultural District land in the State the

boundary review equation showed that the reviews may have been too

severe, so that Agricultural District acreage actually increased after

each review. The discrete feedback of 5 year boundary reviews have

been replaced by continuous annual feedbacks which are currently in

effect after the major discrepancies in initial land use designations

were corrected.

Implications for Further Study

The land quality aspect is an important area in the study of

agricultural land conversion and some discussion of its importance

was included in this dissertation. The problem with land quality is



not the absence of data because there are several good soil surveys

that designate land quality, but the use of these surveys. The involved

agencies must more thoroughly integrate land quality data into their

decisions in order to fully utilize the available information.

An important requirement for economic analysis is to update and

continue the kind of work that the Land Study Bureau (LSB) did in

measuring productivity ratings of different quality agricultural soils by

use categories. Now that the Soil Conservation Service soil survey has

been completed for the State of Hawaii using the new USDA soil taxonomy,

the relations between different uses and different quality soil need to be

made more precise and updated. A major effort to refine and update

ratings in relation to representative crop types is now overdue.

Another area where further analysis can contribute to solving

agrtcultural land use problems is model formulation. The optimal control

model presented provided a useful guide I a starting point for further

research. Although the monopoly model with costs may appear suited

to the land use situation in Hawaii, institutional realities and land

quality must be incorporated for better model formulations. Problems

like these will have to be resolved in the future. Also, other mathematical

models should be studied for their applicability to the land resource

problem. Dynamic programming, graphical techniques, and adaptive

management methods should not be overlooked for possible utility I

if meaningfully formulated.

An area for empirical improvement is the collection of data,

especially relative price data. The prices of agricultural lands , relative

to urban lands, must be compiled before a real discount rate can be
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determined which, in turn, can afford useful insights into the decisionmaking

process , Related to this, is the question of income. How doe s income

levels affect the discount rate and conversion of agricultural land?

Personal income estimates are available, routinely collected and need to

be included in the analysis.

Overall, optimal control theory shows promise in its applicability

to the land resource problem, especially, in one of its analogs, the

fundamental theorem. This concept has been shown useful and is a

definite area for further analysis. This dissertation has merely

scratched the surface in understanding a potentially valuable tool for

land use analysis and decisionmaking. More facility with mathematical

tecnhiques, as applied to the land allocation problem, is necessary so

that a researcher can make definite statements about land use, and perhaps

in a significant help the State in reaching some of its goals.
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APPENDIX A

OPTIMAL CONTROL THEORY:
CONCEPTS AND METHODS

Optimal control theory was first developed for use in solving

porblems in the physical and chemical sciences. Problems of determining

an optimum trajectory of a' rocket through space given fuel, weight,
. /,

./

speed and time constraints were some of the earliest applications of

optimal control theory. Since then, economists and others have

borrowed this technique and have applied it to various types of problems,

i , e , , short run economic stabilization, economic growth, corporate

strategies and investment portfolios. In recent years increasing efforts

have been made in the resource economics area as well.

Basically the control problem consists of six elements.

1. Time: t = terminal time1

t = initial timeo
2. State Variables: xf t) =

4. Equations of Motion: describing the relationship between x ,

u and t. Generally a set of differential or difference

equations that represent the system that is to be controlled.

x(t) = f(X(t), Vet), t)

5. Determination of Terminal Time: broadly , the set of

constraints on all the variables.

6. Objective Functional: in terms of, perhaps, a cost functional

or performance index which is to be minimized or maximized.
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In the application to policy planning case, the system is repre-

sented by an econometric model, i. e. a set of difference equations des-

cribing the relationships. A set of controls may consist of interest

rates set at some level or not allowed to exceed certain boundaries.

The initial and terminal values may be desired. The objective func-

tiona! is a quantitative representation of a planner's goals, objectives

and utilities.

In its most general form the equations appear as follows.

max J =

.
subject to: x = f(x, u , t)

to and Xo = x(tO) given (xf t) , t) e:T at

t = t1, {u(t)} EU

x--State Variable

U--Control Variable

I --Some intermediate function shows the dependence of the

functional relationship on the time paths of the state

variables, control variables and time within the relevant

period.

F--The final function shows the dependence of the func-

tional upon the terminal state and terminal time.

The Solution to the Control Problem

Although there are three acknowledged ways by which to solve

the control problem, the maximum principle is generally chosen over

the calculus of variations and dynamic programming approaches. The
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maximum principle has been used in computing optimal controls in many

important problems in mathematics, engineering and economics.

The general control problem restated:

•subject to: x = f(x, u, t)

x(to) = X o
x(t1) = xl

{u(t)} E U

where I ,F and f are continuously differentiable functions; to

and Xo are given parameters where initial starting points are known;

t 1 or xl are given parameters, where either end point must be known,

the other being determined by the given one; and (u(t)) is the control

trajectory which belongs to the given control set, U.

The maximum principle approach to the optimal control solution can

be considered as an extension of the method of Lagrange multipliers to

dynamic optimization. In static optimization, the Lagrange multipliers

are introduced, one for each constraint defining a Langrangian expres-

sian; finding a saddle point, maximizing with respect to choice variables

and minimizing with respect to Langrangian multipliers. With the maximum

principle the procedure is similar although more complex.

Let us proceed:
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rewrite the constraints as

f(x, u, t) - x(t) = a

•Note: Constraint originally was x = f(x, u , t l , Simple rearrange-

ment now for each constraint add a new variable

These are called costate variables and are the dynamic equivalents of

Langrangian multipliers.

Now define a "Langrangian" function which equals the objective

function added to the inner product of the langrangian multiplier vector

and constraints.

L = jt1
{lex, u , t) + y[f(x, u , t) - xl Idt + F(x1, t 1)

to

Integrating L by parts yields

L = jt1
{lex, u, t) + yf(x, u, t) + yx}dt + F(x1, t 1)to

The first two expressions under the integral sign are known as the

Hamiltonian function.

H(x, u , s . t) = I(x, u , t) + yf(x, u , t)

The Hamiltonian is defined as the sum of the intermediate function

and the inner product of the vector of costate variables and the vector

of functions defining the rate of change in the state variables.
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Rewritten

{H(x,u,y,t) + yx}dt + F(X
1,t1)

- y(tO)X(tO)]

for a maximum the Langrangian must vanish implying

aH
au = 0

. aH more necessary
y = ax at to ~ t < t 1 conditions

y(t
1

) aF= aX1

In summary, given a Hamiltonian H(x,u,y,t) = I(x,u,t) + yf(x,u,t)

and solving for trajectories ul t) , yet) and x(t), max H(x,u,y,t) for

all to ~ t < t 1

• aH
x = ay x(t

O) = Xo

. aH aFy =- ax y(t1) = aX1

These are the conditions necessary for a local maximum, in other words,

the optimal conditions.

In other words (Dorfman):

. aHx = ay

. aH
y = - ax

Specifies how x grows as a result of its cur­
rent standing and the choices made.

The change in the y (shadow price) of x is
equal to the rate that it contributes to useful
output. The opportunity cost of x.



aH
or -y = ax

aF=
ax!

Sensitivity Analysis
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x depreciates at the same rate that it contributes
to useful output.

State variables are given (known) in the initial
time period.

The value of the costate variable in the final
time period is the result of the choices made
durmg that period.

The sensitivity of the optimal value of the objective functional to a

change in the initial time to is given by

ar- = -[I(x*, u*, t)]toato

The optimum function is changed by the negative of the initial value of

the intermediate function.

The sensitivity of J* to changes in the terminal time, t 1 is as

follows:

aJ*
at!

The optimum is changed by the terminal value of the intermediate func-

tion plus the increase in the final function.

The sensitivity of the optimal value of the objective functional to

changes in the initial state xctO) is:

aJ* = y*(to)ax(to)



The optimum is changed by the initial value of the corresponding co­

state variable. If the costate variable equals zero then this system

would be insensitive to changes in the initial state variables.

115
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APPENDIX B

AGRICULTURAL LAND: AVAILABILITY PRODUCTION
AND VALUE

How have land use changes affected cultivated agricg1tura1 lands

and the amount of production from these lands?

Overall changes from the State level will be examined to encompass

a broader perspective of these changes. Changes on Oahu will also be

elaborated upon because it is the only SMSA in Hawaii. The pressures

for change on Oahu are greater than on the Neighbor Islands because

of the population and the relative smallness of the island. The nature

of land use changes on Oahu may be different from the total change in

the State.

As expected, the total farm acreage in the State fell from 2,500,000

to 2,229,000 acres to -210,000 acres. Almost all categories of agricu1-

tural use in the State lost acreage except for vegetable crops, macademia

nuts and fruits. On Oahu, the pattern is similar. Total farm acreage

has decreased from 163,000 to 149,000 acres with the vegetable crop

acreage increasing slightly. Sugarcane acreage dropped from 2,289,000

to 2,188,000 acres, losing 10,100 acres. Pineapple lost 28, 000 acres

going from 72,000 to 44,000. Coffee land was reduced to 2,100 acres

from 4,800. As stated earlier, vegetable crops gained 1, 000 acres

moving from 3,300 to 4,300 acres; macademia nut acreage dramatically

increased from 4,100 to 11,400 acres; and other fruit acreage excluding

pineapple grew from 3,300 to 5, 300 acres for the State.

The pattern of land use on Oahu is similar. Total farm acreage
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decreased from 163,000 to 149, 000. Sugarcane land showed little change

moving from 35,200 to 34,000. Pineapple acreage showed the greatest

decline goin g from 21,700 to 12,000 acres. Vegetable production acre­

age showed very little change: 1,200 to 1,400 acres.

Production

However, as far as production from the remaining acreage is con­

cerned, the totals have not drastically diminished. For the State,

sugar production volume has remained virtually the same, 9,813,000

tons of unprocessed cane in 1962 and 9,263,000 tons in 1978. Pine­

apple was the biggest loser, as was coffee production. Volume of fresh

pineapple decreased from 13,392,000 pounds to 1,780,000 pounds. Vege­

tables and melons showed strengths, increased acreage and more pro­

duction. The year 1962 showed 51,296,000 pounds produced and 1978

showed 71,990,000. Macademia nuts and other fruits reflecting the

increased acreage, made gains.

On Oahu, trends do not appear favorable for agriculture. Sugar­

cane, pineapple, vegetables and melons, and fruits production all have

shown declines. Sugar went from 1,794,000 tons of unprocessed cane

to 1,427,000 ton s. Pineapple from 270,000 tons in 1971 to 187,000

pounds down from 17,546,000 in 1962. Fruits (excluding pineapple)

were down from 8,160,000 pounds in 1962 to 7,450,000 pounds in 1978.

As far as the volume of livestock marketing is concerned, the

picture is similar. On the State level, the volume of pork and chickens

produced and marketed in Hawaii showed no change. The volume of

beef, milk, eggs and, surprisingly, honey products and beeswax in­

creased.
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Oahu showed decreases in beef and honey products and increases

in milk and eggs. Pork and chicken production remained unchanged.

Value of Agricultural Production

In order to determine the nature and trend of total agricultural

production, values must be placed upon the volume of production.

Pounds of milk and beef, etc. are not additive, but dollars are.

Statewide, in current dollars, the value of crop sales stood at

$306,389,000.00 in 1978, up from $133,001,000.00 in 1962, a 130.4%

increase. However, in real dollars (1968 = 100) the dollar values

were $146,800,000.00 in 1962 and $164,725,000.00 in 1978, a 12.2%

increase. What appeared at first to be a tremendous growth turns out

to be dismal. Twelve percent over a seventeen year period figures to

be less than one percent per year and is quite low. As far as indi­

vidua1 crop s are concerned, the situation is similar: slow or no growth

at all.

Note however that this low growth was reaped from less acreage.

This indicates greater efficiency of farmers and the adoption of new

technology. Hawaii is getting more production from less acreage. This

fact lends a bit of optimism to the agricultural picture in Hawaii.
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APPENDIX C

POPULATION AND LAND USE CHANGE

One of the most influential and important factors in land use

change is that of population. Population growth in Hawaii, especially

on Oahu, is the major impetus of land use changes. More people means

greater demand for homes and more homes means greater demand for

urban land. Population growth in Hawaii, historically, is one of the

fastest in the nation. Oahu's population growth had led the way, until

recently.

Starting from 1940 census to 1980, the changes in population are

meaningful. The decades of the 1960's and 1970's are most relevant

because they are the years of the Land Use Law and district boundaries

were in effect. In 1940, there were 422,770 people living in the State,

with 257,696 or 61% of them living on Oahu. The year 1950 showed

499,794 people in Hawaii with 71% or 353, 006 of them living on Oahu.

A migration from rural to urban areas had occurred in the 1940's and

1950's. The population of the outer islands--Maui, Kauai and Hawaii-­

had declined. Only Oahu showed an increase. In the decade following,

the same phenomena continued. Population of the State increased to

632,772 with 500,394 of the people or 79% residing on, Oahu. The popu­

lation of the outer islands again declined. This decade, 1960's, showed

remarkable growth. In 1970, for the first time in 30 years population

of all the islands increased. Now, 82% of the total population living on

Oahu. During the 1970's, growth on Oahu slowed considerably. The

figures indicate that the rest of Hawaii is growing faster than Oahu.

Now only 79% of the population resides on Oahu; this is the first drop
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in percentage in 60 years. Kauai, Maui and Hawaii experienced tremen­

dous growth. From 1970 until now, 1980, Oahu has grown by 21%,

Kauai by 31%, Hawaii by 52%, and Maui (county) by 54%.

Population densities (per square mile) in the State has been in­

creasing steadily over the years. In 1980, it was 150.4 persons per

square mile, up from 120.0 in 1970, and 98.6 in 1960. The neighbor

island densities have been relatively stable over the years. Kauai

averages about 55.0, Maui about 59.0, and Hawaii about 16. Not sur­

prisingly, the 1980 census showed a big jump in neighbor island den­

sities. Kauai was up to 71.0, Maui to 84.1 and Hawaii to 22.9.

People apparently are tending to move away from the urban center,

Oahu, and back to the rural areas. This may be a manifestation of the

back to nature movement that was prevalent during the 1970's, or, the

congestion on Oahu may have reached a critical level for some people,

thus, prompting the exodus. A more obvious reason, especially for

Maui and parts of the Big Island, is the fact that development has in­

tensified. This has provided more job opportunities, i. e. in construc­

tion and tourism, enticing more people to relocate or to remain. Devel­

opment is also occurring on Kauai and is attracting more arid more resi­

dents to that island.

However, Oahu continues to be the major population center in

Hawaii. But, the neighbor island population growth is increasing at a

faster rate. If this trend continues, the result may be a more balanced

population mix in terms of population dispersion. If not, continued con­

centration of the population and' economy on Oahu may soon cause re­

source shortages for Oahu and possibly unemployment for the neighbor

islands if the construction sector slows down (see Table VIII).
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Annual Changes

As far as the yearly changes are concerned, the total defacto

population in Hawaii since 1962 (including visitors present) has in­

nreased from 693,000 to 984,700 in 1978, a 41. 9% increase. Fastest

growth occurred in the early 1970's, at almost a 4% rate yearly. Much

of this was accounted for by a dramatic increase in tourists.

Total resident population in the State increased from 683,500 in

1962 to 896, 000 in 1978, a 31% increase over 18 years. Resident popu­

lation includes armed forces personnel stationed in Hawaii and their

dependents (see Table IX) .



TABLE VIII

TOTAL POPULATION BY ISLANDS
1920-1980
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OAHU % KAUAI MAUl HAWAII STATE

1920 123,496 48 29,247 36,080 64,895 255,881

1940 257,696· 61 35;636 46,919 73,276 422,770
"

1950 353,006 71 29,683 40,103 68,350 499,794

1960 500,394 79 27,922 35,717 61,332 632,772

1970 630,497 82 29,524 38,691 63,468 769,913

1980 761,960 79 39,117 61,191* 92,206 964,624

POPULATION DENSITY BY ISLANDS
1920-1980

1920 207.5 53.1 49.6 16.1 39.9

1940 433.1 64.7 64.4 18.2 65.9

1950 593.3 53.9 55.1 17.0 77.9

1960 841.0 50.7 49.1 15.2 98.6

1970 1,059.7 53.6 53.1 15.6 120.0

1980 1,277.2 71.0 84.1 22.9 150.4

Per Square Mile

* Approximate
Source: Atlas of Hawaii



TABLE IX

ESTIMATED POPULATION, BY RESIDENCE AND MILITARY STATUS: 1962 TO 1978

RESIDENT POPULATIONb

Civilian Population

Non- VISITORS RESIDENTS
Military Military PRESENT ABSENT DE FACTO

YEAR a Armed
d

Depen- Depen- (ANNUAL (ANNUAL POPULA- PERCENT
Total Forces Total dentse dents AVERAGE) AVERAGE) TIONc CHANGE

1962 683,500 79, OOD 604,500 63,200 541,300 13,100 3,000 693,600
0.129

1963 682,200 59,600 622,700 61,500 561,200 15,300 3,100 694,500
2.4

1964 699,900 73,200 626,700 69,100 557,600 16,000 4,700 711,200
0.59

1965 703,800 53,400 650,400 65,800 584,600 17,300 5,700 715,400
1.29

1966 . 710,300 54,100 656,300 62,500 593,600 21,000 6,800 724,600
2.49

1967 722,500 56,000 666,500 61,300 605,200 27,700 7,600 742,600
2.18

1968 734,500 57,000 677,400 59,100 618,300 32,500 8,100 758,800
2.64

1969 750,200 48,500 701,800 59,700 642,100 37,400 8,800 778,800
2.38

1970

April 1 769,913 55,142 714,771 61,858 652,913 37,600 10,300 797,300
0.44

July 1 775,800 53,200 722,600 57,800 664,800 37,600 10,000 803,400
~
t-.:I
W



TABLE IX (Continued)

RESIDENT POPULATIONb

Civilian Population

Non- VISITORS RESIDENTS
Military Military PRESENT ABSENT DE FACTO

YEARa Armedd Depen- Depen- (ANNUAL (ANNUAL POPULA- PERCENT
Total Forces Total dentse dents AVERAGE) AVERAGE) TIONc CHANGE

1971 800,900 50,800 750,000 62,200 687,900 41,900 9,400 833,300 3.72

3.91
1972 823,800 52,000 771,300 66,200 705,100 51,300 8,600 865,900

3.46
1973 844,100 58,100 785,900 70,300 715,600 61,600 9,800 895,900

1. 98
1974 855,400 57,500 797,900 68.300 729,600 66,000 7,800 913,600

1. 54
1975 867,900 58,900 809,000 63,700 745,300 68,800 9,000 927,700

2.69
1976 ·883,500 57,800 825,700 67,000 758,800 78,500 9,400 952,700

1. 73
1977 891,400 56,500 834,900 65,000 769,900 86,800 9,000 969,200

1.6
1978 896,600 56, 500 840,100 61,100 779,000 96,000 7,900 984,700

~ JUly 1 unless otherwise specified.
Includes residents temporarily absent; excludes visitors present.

~ Excludes residents temporarily absent; includes visitors present.
De facto basis, 1962-69; stationed or homeported in Hawaii, 1970 forward.

e Dependents living in Hawaii, regardless of location of family head.
Source: Hawaii State Department of Planning and Economic Development, The Population of Hawaii, 1978

(Statistical Report 131, April 2, 1979), Table 1. .....
t--:l
Ii'>



APPENDIX D

GENERAL PATTERN OF BOUNDARY CHANGES AND ESTIMATED
ACREAGE OF STATE LAND USE DISTRICTS: 1962-1980
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TABLE X

GENERAL PATTERN OF LAND USE DISTRICT
BOUNDARY CHANGES: 1962-1980

SUMMARY

1962 1980 Change %

CONSERVATION DISTRICT

Oahu 151,400.0 154,896.4 3,496.4 +2.3

Maui 172,741.0 193,667.7 20,397.7 +12.1

Hawaii 1,240,000.0 1,309,461. 8 69,461.:8 +5.6

Kauai 173,100.0 198,758.0 25,658.0 +14.8

State 1,863,630.0 1,975,865.1 112,235.1 +6.0

AGRICULTURAL DISTRICT

Oahu 159,652.0 143,736.1 -15,915.9 -9.9

Maui 277,526.0 252,807.8 -24,718.7 -8.9

Hawaii 1,311,992.0 1,228,844.7 -83,147.3 -6.3

Kauai 172,500.0 144,023.7 -28,476.3 -16.5

State 2,126,014.5 1,974,195.5 -151,819.0 -7.1

RURAL DISTRICT

Oahu

Maui 3,700.0 3,780.0 80.0 +2.2

Hawaii 1,100.0 612.0 -488.0 -44.4

Kauai 1,100.0 1,233.3 +133.3 +12.1

State 6,700.0 9,240.3 2,540.3 +3.8

URBAN DISTRICT

Oahu 74,248.0 86,667.5 12,419.5 +16.7

Maui 11,843.5 15,533.5 3,690.0 +31.1

Hawaii 19,908.0 34,481. 5 14,573.5 +73.2

Kauai 7,300.0 9,885.1 2,585.1 +35.4

State 115,155.5 152,199.2 37,043.7 +32.0

Source: Land Use Commission Records



TABLE XI

ESTIMATED ACREAGE OF STATE LAND USE DISTRICTS
1962-1980

OAHU TOTALS

127

Date Total Urban Conservation Agriculture Rural

1962 385,300.0 74,248.0 151,400.0 159,652.0

1963 385,300.0 74,523.0 515,400.0 159,317.0

1964 385,300.0 75,700.0 151,400.0 158,200.0

1965 385,300.0 75,790.0 151,377.0 158,133.0

1966 385,300.0 77,280.1 151,361. 9 156,658.0

1967 385,300.0 77,322.7 151,375.8 156,601. 5

1968 385,300.0 77,872.8 151,375.1 156,552.1

1969 385,300.0 82,592.9 156,801. 0 145,906.1

1970 385,300.0 82,595.6 156,798.3 145,906.1

1971 385,300.0 82,817.0 156,956.0 145,527.0

1972 385,300.0 82,751. 3 156,991. 4 145,425.9

1973 385,300.0 83,617.7 156,991. 4 144,559.5

1974 385,300.0 84,093.4 156,920.9 144,205.7

1975 385,300.0 85,186.5 154,907.6 145,205.9

1976 385,300.0 85,259.1 154,907.6 .145,133.3

1977 385,300.0 85,259.1 154,907.6 145,133.3

1978 385,300.0 86,489.2 154,907.6 143,903.2

1979 385,300.0 86,492.2 154,904.8 143,903.2

1980 385,300.0 86,667.5 154,896.4 143,736.1



TABLE XII

ESTIMATED ACREAGE IN STATE LAND USE DISTRICTS
1962-1980

MAUl TOTALS (EXCLUDING MOLOKAI AND LANAI)
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Date Total Urban Conservation Agriculture Rural

1962 465,800.0 11,843.5 172,741.0 277,526.5 3,700.0

1963 465,800.0 12,787.5 171,700.0 277,612"5 3,700.0

1964 465,800.0 12,800.0 171,700.0 277.600.0 3,700.0

1965 465,800.0 13,063.0 171,615.0 277,422.0 3,700.0

1966 465,800.0 13,075.0 171,615.0 277,009.0 4,101. 0

1967 465,800.0 13,124.8 171,612.7 276,954.3 4,108.2

1968 465,800.0 13,236.1 171,612.7 276,785.0 4,166.2

1969 465,800.0 13,406.6 193,336.7 255,321. 5 3,375.2

1970 465,800.0 13,744.4 193,336.7 254,983.7 3,735.2

1971 465,800.0 13,765.7 193,336.7 254,962.4 3,735.2

1972 465,800.0 13,826.2 193,336.7 254,897.1 3,740.2

1973 465,800.0 13,938.5 193,336.7 254,776.1 3,748.1

1974 465,800.0 14,725.5 193,336.7 254,225.7 3,512.1

1975 465,800.0 15,376.4 193,678.7 253,221. 3 3,523.6

1976 465,800.0 15,441.8 193,678.7 253,129.2 3,550.3

1977 465,800.0 15,441. 8 193,678.7 253,129.2 3,550.3

1978 465,800.0 15,442.8 193,678.7 252,887.7 3,790.8

1979 465,800.0 15,464.7 193,678.7 252,882.2 3,774.4

1980 465,800.0 15,533.5 193,G78.7 252,807.8 3,780.0



TABLE XIII

ESTIMATED ACREAGE OF STATE LAND USE DISTRICTS
1962-1980

HAWAII TOTALS
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Date Total Urban Conservation Agriculture Rural

1962 2,573,400.0 19,908.0 1,240,400.0 1,311,922.0 1,100.0

1963 2,573,400.0 19,997.5 1,240,400.0 1,311,902:5 1,100.0

1964 2,573,400.0 20,000.0 1,240,400.0 1,311,900.0 1,100.0

1965 2,573,400.0 20,477.3 1,240,400.0 1,311,422.7 1,100.0

1966 2,573,400.0 20,897.6 1,240,368.5 1,311,033.9 1,000.0

1967 2,573,400.0 21,020.5 1,240,368.5 1,310,911.0 1,100.0

1968 2,573,400.0 25,419.9 1,239,653.5 1,307,226.6 1,100.0

1969 2,573,400.0 19,489.8 1,322,965.0 1,220,352.2 593.0

1970 2,573,400.0 19,591. 0 1,322,872.0 1,220,344.0 593.0

1971 2,573,400.0 30,487.0 1,322,787.9 1,219,514.6 610.5

1972 2,573,400.0 31,177.6 1,322,786.7 1,218,826.6 611. 9

1973 2,573,400.0 31,314.5 1,322,786.7 1,218,009.8 611. 9

1974 2,573,400.0 .32,249.6 1,322,528.6 1,228,779.3 612.0

1975 2,573,400.0 33,435.7 1,310,573.0 1,228,586.5 612.0

1976 2,573,400.0 33,628.5 1,310,573.0 1,228,586.5 612. a

1977 2,573,400.0 33,628.5 1,310,573.0 1,228,637.5 612.0

1978 2,573,400.0 33,643.3 1,310,516.2 1,228,637.5 612.0

1979 2,573,400.0 34,457.0 1,309,693.5 1,228,637.5 612.0

1980 2,573,400.0 34,481. 5 1, 309,461. 8 1,2.28,844.7 612.0



TABLE XIV

ESTIMATED ACREAGE OF STATE LAND USE DISTRICTS
1962-1980

KAUAI TOTALS

130

Date Total Urban Conservation Agriculture Rural

1962 353,900.0 7,300.0 173,100.0 172,500.0 1,100.0

1963 353,900.0 7,300.0 173,100.0 172.500.0 1,100.0

1964 353,900.0 7,300.0 173,100.0 172,500.0 1,000.0

1965 353,900.0 7,353.6 172,250.0 173,278.1 1,018.3

1966 353,900.0 7,411.8 172,250.0 173,146.9 1,091. 3

1967 353,900.0 7,418.3 172,250.0 173,130.4 1,101. 3

1968 353,900.0 7,504.8 172,250.0 173,031.0 1,114.2

1969 353,900.0 9,121.0 197,654.0 145,983.1 1,141. 2

1970 353,900.0 9,174.5 197,607.7 145,984.8 1,135.4

1971 353,900.0 9,065.9 197,681. 7 146,017.9 1,186.9

1972 353,900.0 9,073.6 197,681. 7 146,010.2 1,136.9

1973 353,900.0 9,065.5 197,681. 7 146,018.3 1,136.9

1974 353,900.0 1,115.5 197,681.7 145,965.9 1,136.9

1975 353,900.0 1,248.7 198,758.7 144,705.7 1,136.9

1976 353,900.0 9,472.2 198,758.7 144,488.9 1,180.2

1977 353,900.0 9,309.4 198,758.7 144,695.0 1,136.9

1978 353,900.0 9,814.6 198,758.7 144,127.9 1,198.9

1979 353,900.0 9,884.4 198,758.7 144,023.7 1,233.3

1980 353,900.0 9,885.1 198,758.0 144,023.7 1,233.3
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APPENDIX E

THE LUC APPROACH TO LAND EVALUATION AND
PLANNING DECISIONS

The LUC Approach to Land Evaluation and Planning Decisions

The Land Use Commission decisions to rezone land is based upon

the suitability of that land to that use. A person wishing to rezone

land, petitions the Land Use Commission with the request. Specific

instructions for providing relevant information and procedural matters

are mandated.

General requirements are that the specific property must be identi-

fied and described. This includes, but is not limited to, tax map key

number. The exact names and proprietory interests of the petitioners

must be disclosed. The type of reclassification sought must also be

noted.

For petitions requesting an urban classification, special require-

ments must be adhered to. Additional information must be provided.

The list includes (1) type of urban development, i.e., single family,

residential, resort, etc., (2) preliminary data such as lot size, number,

lots, selling prices, (3) petitioner financial statements, (4) significant

effects, if any, upon the environment, agriculture, recreational,

historic or other resources of the area, (5) preliminary report of the

physical condition of property, i.e., soil, topography, demography,

(6) availability of public services, (7) location of proposed development

in relation to adjacent urban districts, and (8) relationship to employment

centers and any unique development factors. All statements made to

support a petitioner's contention that the proposed amendment is

consistent with the land use law and regulation shall be supported by
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appropriate documents that will provide a field record and will aid the

Commission in lending a sound decision.

The Commission shall not approve a reclassification unless the

evidence shows that the proposed boundary change is reasonable and

not in violation of the law. The Commission shall observe and comply

with the interim Statewide Land Use Guidance policies. These are

(1) land use amendments shall be approved only as reasonably necessary

to accommodate growth and development provided there are no signifi­

cant adverse effects upon agricultural, natural, environmental, recrea­

tional, scenic, historic or other resources of the area, (2) lands re­

classified as urban shall have adequate public services and facilities or

can be provided by the petitioner at reasonable cost, (3) maximum use

shall be made of existing services, (4) urban districts shall be contin­

uous to an existing urban district or be self contained, (5) preference

shall be given to petitioner which will provide permanent employment

or housing for all economic and social groups, (6) consideration shall

be given to the general plan of the county, (7) as far as practicable,

conservation lands shall not be reclassified as urban, and (8) urban

lands may be reclassified if not developed in a timely manner.

The Approach to Land Evaluation ~ Related to the State

For the most part, the State concern is the impact of land use

changes on the immediate area. Most of the regulations are stated in

terms of significant effects upon "the area" with no mention of the

repercussions upon the State. Consequently, most petitions received

by the LUC lean primarily toward examining the effect of land use

changes upon the economy in that particular locale. Demographic,
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economic and social conditions of the subject area are described in

detail along with the projected changes.

However, as far as impacts upon the State are concerned, the

implicit assumption seems to be: If it's good for the area, it's good

for the State. This is not an unacceptable or unrealistic assumption

to make. For if each site or parcel of land could be utilized in its

best possible way, it is not improbable that, in total, the State would

be utilizing its land in the best possible way. Perhaps and perhaps

not. The State does not, at the moment, have a systematized method

for determining or even discussing how cumulative changes in land use

affects State welfare. The five year Boundary Review that were man­

dated by the Land Use Law have been repealed and are no longer re­

quired. The Hawaii State Plan enacted in 1978 is the beginnings of

recognition that land use impacts upon the State. Hopefully, a method­

ology may be empiricized and applied to the State to determine such

impacts. But, for now, making sure that the use is suited to the land

is a major part of land use planning.
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APPENDIX F

AGRICULTURAL LANDS OF IMPORTANCE TO THE STATE OF HAWAII

For the State of Hawaii, a project to designata the Agricultural

Lands of Importance to the State of Hawaii (ALISH) got under way

in 1975 as part of the United States Department of Agricultural, Soil

Conservation Service program to inventory important farmlands in the

nation. They classified important agricultural lands into three groups:

(1) prime, (2) unique, and (3) other important agricultural land

(Baker) .

Prime agricultural land is land best suited for the production of

food, feed, forage and fiber crops , This class of land has the soil

quality, growing season and moisture supply needed to produce

sustained high yields with the lowest inputs of energy or money with

the least damage to the environment.

Unique land is land other than prime that is currently used for

the production of specific high value food crops. This land has special

combinations of soil quality, growing season, temperature, humidity,

sunlight, air drainage, elevation, moisture supply that favors the

production of a special crop. Examples of such specialty crops in

Hawaii are coffee, taro, and watercress.

Other important agricultural land is land of statewide or local

importance for the production of food, feed, fiber and forage and are

not prime or unique lands. These lands can be farmed satisfactorily

by applying greater inputs of fertilizer or other soil amendments.

In the State of Hawaii, in 1978, only 24% of the total land area
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could be considered as important agricultural (prime, unique or other)

land. This roughly corresponds to 49.5% of the total land zoned

agricultural by the LUC. For Oahu, 24% of the island was classified

as important agricultural land. This translates to 65.7% of the land

zoned agricultural. This implies that there are sufficient quantities

of non-prime agricultural lands available for urban and other uses.

However, since 1974, the start of the ALISlt program, 80% of the

total area converted from agricultural to urban has been important

agricultural land; 56.1% of which was prime, 5.8% unique, and 18.4%

other. Out of the 3,060.5 acres converted, 2,458.5 were important

(see Table VII).
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