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ABSTRACT

MATHEMATICAL SYSTEMS MODELING

IN URBAN-REGIONAL PLANNING AS

APPLIED TO A NATURAL WATER SYSTEM

BY

David L. Walker

Decision making is a product of logical and intuitive

mental processes. It is judgment based upon systematic

procedures starting from analyses of information about

behavioral phenomena and ending with value considerations

of appropriate alternatives. The quality of planning de-

cision making is not just dependent upon basic data but

also upon the preciseness and rationality of the techniques

of analysis.

Planning is a maturing discipline and profession de-

pendent upon quality decision making. It is searching for

better analytical methodologies and theories for meaning-

ful problem solving and guidance. The systems theory uti-

lized in this thesis is emerging as a technique for fruit-

ful analysis of socio-economic phenomena. This thesis is

intended to provide a building-block in this approach to

urban planning decision making.

The particular modeling theory applied here has de-

velOped in the engineering analysis of physical systems.
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It is a technique for identifying and conceptualizing

observable system phenomena and expressing their relation—

ships mathematically. System components are expressed in

terms of across (x) and through (y) variables. Component

interconnections are related in a precise, systematic pro-

cess by linear graph theory.

System theory is applied here to the natural water

system (not the total hydrologic cycle) for a ten township

area which includes Lansing, Michigan. Components of the

system are conceptualized as_ground-water elevation, sur-

face water elevation, rivers and lakes elevation, rivers

acquifer recharge, runoff to rivers, precipitation, ground-

water inflow to the region, human water pumpage, infiltra-

tion and evapo-transpiration. The result is a dynamic,

discrete state model structured from difference and alge-

braic equations relating the stated across and through

variables. Numerical solutions relating behavioral phe-

nomena may be readily obtained on digital computers.

Although the results (numerical) obtained from this

initial modeling endeavor are not highly refined, they do

indicate general trends and features which provide a guide

to further research in developing a more Operational model.

This type of model is both a predictive and simula-

tive device, which provides a guide to data collection

and measurement. In addition, it yields a methodology

for relating exogenous elements, such as policy and value
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considerations, to planning problem solving. These

features are highly desirable for guiding creative and

design capabilities in the planner's search for more

adequate decisions.
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MATHEMATICAL SYSTEMS MODELING

IN URBAN-REGIONAL PLANNING AS

APPLIED TO A NATURAL WATER SYSTEM

INTRODUCTION

The primary emphasis of this thesis is to demonstrate

how mathematical systems modeling can facilitate meaning-

ful and consistent decision making in urban planning.

There are various theories and techniques of both systems

analysis and mathematical modeling,_according to the de-

mands of various fields of study. One of these has been

selected to be explored in detail. This approach has

emanated from the physical sciences, namely engineering,

and is emerging as a means of identifying, mathematically

describing, and analyzing physical and socio-economical

phenomena as systems. The system components are charac-

terized in terms of across and through variables and are

interrelated by linear graph theory. The capacities of

the selected systems analysis process are foreseen as.a

significant aid and advancement to contemporary planning.

A natural urban-regional water system has been selected

as a model to illustrate the application of this method-

ology to planning problems. Water system phenomena (a

physical system) lends itself to detailed quantification.

There also are data available representing such features.

These characteristics considerably lessen the task of
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mathematical systems modeling.

The organization of the thesis is as follows:

Chapter I is a brief description of contemporary trends

in methodologies and techniques being employed in the

discipline of urban planning. It also includes a review

of various models utilized in planning studies, their

respective advantages and limitations, and their cur-

rent uses.

Chapter II is a description of the selected modeling

theory to be employed in this thesis. Most of the con-

cepts have been develOped for analytical study of physi-

cal phenomena, primarily from network theory and systems

analysis utilized in electrical engineering.

Chapter III utilizes the theory presented in the

previous chapter to structure a system model of water

elevations and flows for a ten township region surrounding

and including Lansing, Michigan. Data (partial) for

making the water model operational are already available.

Limitations and advantages of this particular modeling en-

deavor are also discussed, along with features for re-

fining the model.

Chapter IV includes a summary of the methodology

utilized and the results obtained in the course of the

model develOpment. A brief.de3cription of other possible

applications for the selected modeling technique in plan-

ning is presented.
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In the development of this thesis, mathematical systems

modeling is used for analyzing a particular system, a nat-

ural water system for an urbanizing region. However, it

is not limited to such detail and should be viewed broadly

as a discipline for guiding planners and future planning

activities in a systematic and coordinated process of data

collection,_analysis, synthesis, control and implementation.

This is only a building-block to further application of

this technique in public planning.



CHAPTER I

TRENDS IN CONTEMPORARY URBAN PLANNING METHODOLOGIES

Planning is a maturing profession that is striving to

become established as a SOphisticated institution for ef—

fectively solving urban problems through the selective

process of designing and controlling urban phenomena. The

evolution of this profession is similar to that of engin-

eering and other professions. Initial efforts were large-

ly intuitive. Next came the era of refined practice,

based on empirical methods and the evolution of principles

and standards. Finally, more complex analytical methodol-

ogies of applied sciences as devices for problem solving

were established.

Planning is in the midst of an exciting change which

is exemplified here by an abbreviated quote (Hirsch, 1964):

"The urban government administrator may

soon receive much greater help from science,

which can provide him with informational and

rational bases from which to strive for ex-

cellence. Urban interaction analysis, end-

product-oriented program budgeting, effective

analysis, and computerized information flow

systems for planning and operating purposes

hold promise for better decisions...."

Planning is at the threshold of becoming an applied

social science. Many efforts now are oriented to the

application of scientific methodologies to solving social

and economic problems. This may be a long and arduous

task, for the complexities of social phenomena are far

more involved than those normally encountered in the



5

physical sciences, mature disciplines of long standing.

However, this condition can probably be surmounted, for

man has progressed through the ages via his ability and

intellect to increase the usefulness of his artifacts and

his social institutions for a more desirable way of life.

Basic to planning and achieving these ends is accur-

ate decision making. Because of the sc0pe of this thesis,

only a limited number of the most salient concepts con-

tributing to these ends will be discussed. .Recently, much

has been written that points up the necessity for establish-

ing the values, goals and objectives that form the restraints

within which planners' decisions must be made. Also, pol-

icy planning is emerging as a process for stabilizing de-

cision making within these value restraints.

General systems analysis (theory) of various forms is

another discipline that is lending support to the estab-

lishment of planning as a scientific profession. This

technique of analysis and others, such as cost-benefit

analysis, tend toward quantification and mathematical

representation. To carry through these techniques, it

is necessary for the analyst to fully understand the

system under study (total internal and external function)

and to model it accurately. This demands great reflec—

tion, which in itself is an educational process basic to

planning activities.

Mathematical modeling has been enhanced in recent

years, as it has become readily structured to digital
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computers having advanced data storage and retrieval capa-

bilities (Hertz, 1964). Advancements in modeling may be

corollary to the advancement in computer utility. The

latter has been a definite.corollary to advancement in

planning techniques. For now, it is possible to collect,

store and analyze enormously large.volumes of data in

short, effective times that only a few years ago would

have been economically not feasible to do.

Computers have advanced the usefulness of mathemati-

cal modeling and simulation in practical application.

Models and strategies can be formulated that characterize

urban environmental systems within particular constraints,

as established empirically or theoretically. With the

combined utilization of models and computers, various

conditions, parameters and criteria may be simulated, and

behavior immediately observed and evaluated. In this

manner, real world conditions can be simulated without

actually waiting to witness it develop or without struc—

turing a total model environment, which is economically

unfeasible. Coordinated decisions should emerge, for

future developments can be predicted prior to final de-

cision making, and corrective and control measures may

be implemented where most effective.

Modeling is also useful as a guide to data collection.

This can be of great application to urban planning, for

presently many data collection endeavors are arbitrary

and misguided. There exist today enormous volumes of



7

data that were collected without adequate thought as to

its utility and availability.

Desirably, only Specified data of the pr0per form

needs to be collected. The designing of models prior to

data collection would streamline this process both func-

tionally and economically and would provide the planner

with more time to do constructive planning. The model—

ing process provides this framework for once a system has

been formulated as a prototype, only pertinent data needed

to make it function has to be collected.

Review of Mathematical Models
 

Planning is basically oriented to the future, partic-

ularly to the urban community's desired functional and

spatial relationships. Planners are increasingly influ-

encing urban develOpment through advancement in guidance,

controls, value considerations, and application of scien-

tific techniques. They are striving for better plans

through better analytical techniques. Advancement in

modeling is a contributing factor to this end, for vari-

ous alternatives may be readily evaluated in terms of

desired policies and public actions. And action decisions

may be implemented where impetus creates Optimization.

Although public planning is very complex, owing to

the interactions of numerous public authorities, the

scale of application and private enterprise (an uncon-

trolable variable), urban functions are becoming better

understood. Advancing analytical techniques, however,
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require the planning researcher to reflect thoroughly into

urban phenomena for relating both exogenous and endogenous

urban system relationships. It is an educational process

for SOphisticating and augmenting procedures for better

urban understanding (Harris, 1965). Modeling is also a

structure for operationally relating urban phenomena and

for simulating (imitating) phenOmena for analytical and

predictive purposes. Some modeling techniques can ac-

commodate comprehensive and systematic applications, as

others can only be utilized in lesser domains.

Following is a discussion of models which includes a

selected classification, sc0pe of application, advantages,

limitations and areas of current utilization. This is

only a limited review of salient features for placing the

systems modeling technique used here in its prOper Opera—

tional perspective.

Models Categorized

There are various categories in which models may be

.grouped. For instance, Lowry categorizes models as de-

scriptive, predictive, and planning (Lowry, 1965). Crane

likewise groups them broadly as logic and trend type models

(Crane, 1964). For purposes of this discussion, Crane's

broad_grouping will be adequate.

Trend Models
 

Trend models are historically-based models, utilized

extensively in planning because of the ease of formulation,

reliability, and the fact that they are readily made



9

Operational on the basis of types of data currently col-

lected and available. These are descriptive models that

replicate existing phenomena in aggregate form, not as

individual, behavioral components. These models are

formulated upon the "how" phenomena develops, which im—

plies an inevitable characteristic. Interrelationships

among components are not explicitly expressed, but are

absorbed in the aggregate data accounting. This is a

serious limitation in distributing land uses at an ade-

quate scale for effective comprehensive urban analysis.

Basic "through" or "across" variables (flows or

stocks) individually are results Of these models, such

as population and/or commercial base projections. Sys-

tem interactions are not easily or eXplicitly considered,

therefore, comprehensive and systematic analysis and

simulation is not feasible. Growth model applications

are develOped upon a number Of component submodels with

little consideration made of the model interrelationships.

The basic operational assumptions have to be made

too rigid for effective planning application and exogenous

influences, such as policy decisions, can not be effective-

ly simulated. These negative remarks are not to say that

trend modeling is not useful for they do provide research-

ers with the best solutions at this time. It is a building

block to more SOphisticated and representative prototypes

in the future.
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Logic Models
 

Logic models are behavioral models that are structured

of system components and respective component interactions

as individual, identifiable elements. Resultant outputs

are dependent on casual relationships which are indicative

Of real world phenomena and desirable for meaningful simu-

lation. These can be very complex and highly SOphisticated,

but provides a great deal of promise for future analytical

endeavors. A high level Of knowledge of system assemblage

is necessary at this stage to explicitly and quantifiably

describe each system. It is apparent that this demands

adequately qualified personnel and highly specifical data

to properly construct these models. Presently, results are

risky, owing to the necessity of making assumptions about

adequate parameters, data, variables and variable domains,

when apprOpriate data describing such features are not

available.

These models can have great utility in planning, for

cause and effect (dynamic results) relationships may be

incorporated for a comprehensively-scaled urban system.

Optimization and simulation features are readily accommo-

dated, especially in particular logic models. Both exo-

.genous (includes value considerations) and endogenous

variables may be utilized in providing for real world

relationships. This is a desirable feature in most plan—

ning endeavors.

It should also be pointed out that parameters
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relating variables, variable domains of influence, and

conceptualization of components and component relation—

ships are difficult to establish. Also, it is necessary

to manipulate massive amounts of data in most endeavors

to identify the pr0per data for analytical purposes.

This can be most effectively accomplished through various

statistical means (factor analysis, correlation-regres-

sion, etc.), for many times a system phenomena may be al-

most totally defined by a few pertinent characteristics.

This reduces data manipulation to workable scales. These

are some Of the reasons that make logic modeling risky at

the present time.

Lowry's planning model types are similar to this

_group. However, these are not widely utilized in plan-

ning, as yet, owing to difficulty of quantifying socio-

economic phenomena. Although logic models have been

widely utilized in the social sciences having only an-

alytical solutions, the focus here is on precise formula-

tions having numerical solutions.

Trend and Logic Modeling Summary Remarks

Presently trend models are the most Operational models.

They are simple constructs that may be formulated and man-

ipulated by not highly trained personnel. Recent refine-

ments have created a great deal Of confidence in their

usage, they are no longer great economic risks. Through

widespread use, desired results are now being obtained in

universal applications, i.e., land use allocations,
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poPulation forecasts, etc.

However, trend models do have limitations. Large

amounts of data are required for highly disaggregated and

reliable models, components are aggregate phenomena, re-

sults are forecasts of futurestates but don't indicate

the behavioral pattern for Obtaining such states, and

trends connote inevitability, a state of non—control.

Logic models, on the.other hand, are complicated de-

vices that require highly trained personnel for formula-

tion and manipulation. Potentially, these types of models

seem to have broad future application. Behavior phenom-

ena can be predicted upon little historical data. How—

ever, there is considerable risk in making these models

Operational. At this time, few agencies have finances

for‘making such changes. Much of real world phenomena

are non-linear relationships which contributes greatly

to the complexities of these models. However, it is at

this very stage that oversimplification is lessened, and

results may become more meaningful. Other important ad—

vantages of these models are their accommodations to

component interactions, the external policy (value) con—

siderations, and fruitful simulation procedures.

Current Application of Models

Mathematical modeling in public planning is a relative-

ly new, but develOping approach. Presently there are few

models that are.Operational. However, through increased

use and refinement, interest in models will probably in-
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crease at an increasing rate. The objective here is to

describe only principal models that have been or are

being implemented in planning today.

Transportation studies have been foremost in the

advancement of model application for urban planning, al-

though now land use and renewal models are also being

employed in various studies. This can be attributed to

the level of economic resources of local political units

and to federal interest in comprehensive planning (Voorhees,

1965).

The Chicago Area TranSportation Study, in the late

1950's, utilized a set of trend models (linear equations)

in projecting poPulation, economic activity, and various

land uses, and transportation requirements to produce de-

sired output for plan design.

Baltimore has employed a regression trend—type model

for its land use study. Various land uses are related by

linear regression submodels. The mean results are estab-

lished within rigid assumptions.

Boston's activity allocation model is a trend device

that distributes land use activities as functions of selected

socio-economic clustering elements, e.g., white and blue

collar workers, water and sewers, employment and residential

centers and others.

The Southeastern Wisconsinregional planning commis-

sion's regional activity model is a logic model utilized

extensively as a simulation device. Economic specifications
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and relationships (behavioral decisions) form the bases of

analysis calculated upon the constraints of an economic

input-output matrix.

The Penn—Jersey transportation study land use fore-

cast model has utilized a linear programing model in making

predictions related to spatial distribution Of housing

features, industrial and commercial activities, and land

uses. Numerous complex inputs are characterized by linear

equations. The model has yet to become Operational, but

the study has indicated the non-linearity of real-world

phenomena in furthering land use modeling.

The Pittsburgh area transportation study (PATS), the

Upper New York State transportation study (UNYTS), and the

Cleveland-Seven County transportation - land use study

(SCOTS), are utilizing Opportunity (trend) models for

distributing land use activities. This is capable of

distributing pOpulation, land use activities (trip ends)

and trips in one Operation. This Opportunity model is

conceptualized on the probability that activities Of a

zone will be distributed as a portion of the Opportunities

of the remaining zones.

Particular theorems Of the physical sciences are be-

ing employed by Koenig and colleagues in modeling socio-

economic phenomena. A simulation state model is the

result of relating algebraic, difference or differential

equations (representing component stock and flow features)

through linear graph theory. This is a logic model,
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either dynamic or static. This application has great

utility, for it generates a state model and respective

outputs that can be further used for other mathematical

application; control techniques, linear and dynamic pro-

_gramming, sensitivity, simulation, Optimization, and

others. A dynamic state model representing church mone—

tary support has been prepared by Koenig. A static state

model of recreation travel has likewise been prepared

(Ellis, 1964). Koenig, Marquis and Goodnuff are explor—

ing applications to university, inter-undustry, and traf-

fic control system models, respectively.

The remainder Of this thesis will explore the appli-

cation Of Koenig's technique to an urban-regional natural

water system as it relates to urbanization and natural

phenomena. This application was chosen because of the

obvious system characteristics of natural water flows

and elevations and the availability of considerable

data. Many recent efforts suggest the importance Of

water quantity and quality to urban areas, justifying

these initial modeling steps as critical to urban-

regional planning.



CHAPTER II

A SYSTEMS THEORY .

The particular technique of mathematical systems mod-

eling used as the basis for this thesis is a discipline

that may contribute significantly to the advancement Of

urban planning. This is a process of modeling system

components in precise, systematic, quantitative forms in

formulating dynamic and static system models which can

simulate system behavior (Koenig,_1963). Once this has

been established, deliberate and structured methodologies

are available for making rational, functional, and con-

sistent decisions about system control and design within

the framework of established value considerations. This

is desirable for establishing and maintaining lasting

policies and coordinated planning action decisions.

In recent years, engineering disciplines have util-

ized mathematical system modeling extensively for analyz—

ing physical systems. It should be understood that al-

though systems analysis and mathematical modeling are

two distinct processes, they.can be used in combinations.

The methodology is now being introduced into many socio-

economic disciplines as an analytical tool and may evolve

as a significant comprehensive approach to decision making.

Efforts at modeling non-physical phenomena are frag-

mented in various fields. However, these initial efforts

are building blocks for furthering the study of social

16



17

systems and for develOping an interdisciplinary cohesiveness

among various social sciences. Aggregation of such efforts

could create an interdisciplinary communication and informa-

tion flow link that is apparently lacking at the present

time. Principal features of this basic systems approach

are presented in this chapter, while the actual structuring

of the water system model is presented in the subsequent

chapter and Appendix A.

The material to be presented here has been abstracted

from the works Of Herman Koenig (lectures, books, and papers),

William Grecco (doctoral thesis, 1962), and Jack Ellis (lec-

tures and papers, 1964). This systems theory is outlined

here as a framework for discussion to follow.

Steps:

1. Initially, identify the system to be solved.

2. Identify system components which can be

mathematically characterized by across and

through variables. ’

3. Measure components as functions Of across

and through variables, in common dimen-

sions, or Obtain available data to describe

the same.

4. Establish terminal equations of components

in terms of across and through variables.

5. Utilize the linear graph theory, a system

'graph and tree (T).

6. Establish equations representing compo-

nent interconnections as established

in the system graph.

7. Formulate the static or dynamic state model

through a precise application of the systems

theory.
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8. Finally, obtain numerical and graphical

solutions. Behavioral characteristics of

the model may be determined from the

transition matrix as an initial step to

numerical solutions.

These steps aregrouped under more general headings

to provide a structure for an integrated and meaningful

discussion.

Establish the System, System Components,

and Component Terminal Equations

A system is an aggregation of distinct, individual

components interrelating together to achieve a common

purpose. Systems theory is predicated by the identifi-

cation and description of such components and respective

component interconnections in quantifiable terms, i.e.,

to be mathematically expressed and measured. These are

the conceptual and develOpmental stages where the research-

er must reflect extensively to establish apprOpriate sys-

tem components. Intuitive and design demands are at a

premium at this point, for all components and their res-

pective interconnections must be identified and estab—

lished accurately or the model will not function as the

intended system prototype.

Each component is modeled individually, eXpressed

diagrammatically as a terminal graph (a line segment

called an edge), and modeled by an equation in terms of

across (x) and through (y) variables (Figure 1a) as il-

lustrated by the manner of measurement across or through

terminal points. An example will assist basic understand-

ing at this point: current flow (through, or y variable)
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in electric transmission lines is created by voltage dif—

ferential (across,_or x variable). The terminal graph

represents the component as a two-terminal line segment.

The orientation of such a line is in the direction of

the flow from the point of origin to the point Of destina—

tion. It is important to reiterate that each component

has to be identified, conceptualized and measured in

terms of across and through variables that are related

in common dimensions.

Interconnections Characterized
 

The system graph, the aggregate of terminal graphs,

diagrams all components Of the system with reSpective

component interconnections commonly called interfaces,

(Figure lb). The interfaces are indicated by vertices

and are the common terminal points Of respective compon-

ents. This methodology also may be utilized with multi-

terminal components. However, this intricacy will not be

used in the model development to follow.

Terminal Graph Each system must meet

definite, established, linear

.graph criteria. Namely, across

x. (x's) variables must sum zero

 

1
:
»

6

about a closed circuit. This

is called the circuit postulate

and is illustrated by Figure lb,

as the algebraic sum of edges

(a)

Figure l a-c, d—c, and d-a must equal
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System Graph zero (0). Through (y's) vari-

ables relating to a vertex must

sum zero (0). This is illus-

trated by Figure lb, as the

algebraic sum of edges a-c, d-c,

a and c—b must equal zero at

vertex c. These theorems in-

terrelate models Of the indi-

vidual components and will be

referred to as the constraint

(b)

Figure 1 equations.

System Characterized
 

The ultimate end of the modeling process is to struc-

ture system state models, dynamic or static, in an orderly

manner for ease of programming for numerical and graphical

solutions by a digital computer. When utilizing difference

equations as terminal equations, the dynamic state model

takes the following form:

Zpl(n+l) = PZpl(n) + stl(n)

Zp2(n) = MZsZ(n) + stz(n+l) + F (n)

The vectors Zp = (Zpl, sz) and Z8 =.(Zslr Z32)

represent the primary and secondary variables from the

system graph tree (T) and co-tree (T'). A tree is an Open

end path through the system graph that connects all vertices.

The co-tree is made up of the remaining edges. P, Q, M,

and N are matrices of coefficients, and F(n) is a vector
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of known inputs. Through substitution and manipulation of

variables, the secondary variables are expressed in terms

Of the primary variables and take the following form:

Z(n+l) = PZ(n) + QZ(n) + F(n)

Thus, a system state model is formulated that can be

numerically solved.

Closing‘Remarks
 

As can be observed from this chapter, this particular

system theory is an orderly and precise methodology for

modeling distinct system components, relating the inter-

connections among such components, and Obtaining behavioral,

_graphical, and numerical system solutions. However, the

process is not as parsimonious as might be assumed at first

Observation. A paramount problem in relating this theory

to practical application is in the conceptualization phase,

that Of identifying an adequate system, correct variables

for representing components, functional relationships be-

tween across and through variables (parameters) and the

interconnections of the system components.

Owing to such difficulties, it is Often necessary to

experiment with various components, terminal equations,

parameters (transition matricies) and trees of the linear

‘graph until adequate elements can be adequately established.

A researcher having great awareness of the system phenomena

and having intuitively creative abilities can be empirical—

ly effective at this stage in establishing a desirable

system prototype.
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Through variables are normally readily observable,

for researchers have routinely manipulated these elements

in various planning activities. However, there are few

planning activities where across variables have been

explicitly established. Consequently, they are not as

readily identifiable as flow variables and may have to be

empirically established from simulated solutions of an

assumed state model, as discussed above. This may require

numerous feedback and revision sequences. However, con—

siderable effort has to be expended at this phase, for it

is the basis on which the model is developed.

Granted, generally, socio-economic systems are more

complex and respective components and variables are more

difficult to identify and establish their physical system;

however, if there is to be further develOpment of this

approach in urban-regional planning, a great deal of ef-

fort by socio-economic researchers will be necessary in

achieving proficiency in its use.

Also, as in many planning endeavors, this method-

ology is limited by the availability Of apprOpriate in-

formation measurement. If components can not be charac-

terized quantifiably because of this inadequacy, then it

is necessary to make new measurements. This is a real

limitation in applying this technique; also, this may

require great amounts of additional data. In addition,

qualified researchers are necessary at this stage Of de-

velOpment for streamlining data collection procedures.



CHAPTER I I I

MODEL DEVELOPMENT

The objective Of this chapter is to relate the model-

ing technique described in Chapter II to water elevations

and flows in the Lansing, Michigan region. A study of this

type has application to planning, for it is a methodology

for relating resources to the demands of urbanization.

Initially, it was assumed that urbanizing features

would play a major component role in the water system model.

However, it was discovered that because of the complexities

Of an urban system it would be necessary to start the model-

ing process by characterizing the natural water system (not

the total hydrologic cycle) separately. In conceptualizing

the components it became necessary to.describe human water

usage (pumpage) as one of a number Of flows between the

components. Pumpage can be described as an individual com-

ponent representing human use Of water, a vector Of elements

which might include industrial, residential, commercial,

institutional and other uses.

Study Area Described
 

The study area is a ten township region, approximate-

ly 230,000 acres, with Lansing,Michigan at its geographic

center. The townships forming the region are Oneida, Delta,

Watertown, Dewitt, Bath, Meridian, Alaiedon, Delhi, Windsor

and Lansing. The primary water user is the Lansing Metro-

politan complex which pumps approximately 25 million gallons

23'
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of water per day. Grand Ledge and numerous private supplies

demand a significant amount of water, approximately 5 mil-

lion gallons per day. Detailed information was obtained

from the Battelle Memorial Institute Report to the Tri-

County Regional Planning Commission (Swager, 1963).

System Conceptualized
 

The most difficult task in applying the model theory

presented in Chapter II is system conceptualization, selec-

ting the components and characterizing them mathematically.

As in most modeling endeavors utilizing this approach, it

is difficult to determine the across variable. Across var-

iables are not generally identified during research; con-

sequently, planners are not familiar with their functions.

In some planning endeavors, flows are routinely measured

and readily identified. Even after numerous empirical

efforts in trying to identify which is the appropriate

across variable of the water system (stocks, elevation

or possibly others), this has not been reliably established.

This has led to the need for assuming some of the compon-

ent terminal equations. This is further discussed in a

later section on model improvements.

Initially, endeavors to establish suitable, distinct

system components revolved about such possible components

as wells, human water usage, ground water cone of depres-

sion, integrated surface supply (river, lakes, and land),

deep and shallow water supplies, runoff, infiltration,

stream acquifer recharge, precipitation, evaporation,
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transpiration, water supply accretion and leakage, and

interception. After extensive research, however, the fol—

lowing components were selected: .ground water elevation,

rivers and lakes elevation, surface water elevation, run-

off, infiltration, inflow to region,_precipitation, evapo-

transpiration, river acquifer recharge, and human usage

(well pumpage). Following is the schematic diagram of the

selected natural water system and respective components

(Wisler, 1949):

Schematic Natural Water System

Precipitation Evapo-Transpiration

1 1
Total Regional Surface

1 1 1
Runoff

Surface 4

 

 

  
 

 

Water *

   
 

Rivers &

Lakes

1
Pumpage Acquifer Infiltration

I Recharge

Underground Ground—Water

Inflow to Region

  
 

 

 

   

 

*other than Rivers & Lakes

Figure 2



26

Terminal Equations Described

The following equations express each component in

terms Of across (x) and through (y) variables. Units in

measurement for these variables are elevation in feet (rel-

ative to a zero (0) surface level) and gallons of water

flow per year, respectively.

Ground (9), streams and lakes (10), and surface (11)

(portions of the earth's crust that have water containing

capabilities) water reserves are storage components charac-

terized by difference equations of the form x(n+l) =p

px(n) + qy(n) (see Appendix A). Elevation (x) at a future

time is a function of the present elevation and "build-up"

flows between the present and that future time. The as-

sumption is that these water storage reservoirs have

rectangularly-shaped cross sections so that elevation and

volume measurements are linearly related. The respective

parameters (9, p, q) are discussed further in a following

section in this Chapter.

Precipitation (1), evapo-transpiration (2), river

acquifer recharge (6), and human water usage pumpage (7)

are assumed known flows and are described as functions of

time, y(n) = f(n) (see Appendix A). These components are

assumed as aggregate flows which are not dependent on x

variables. A system can readily become over-specified by

incorporating too many known functions, for the solution

is trivial and a state model does not exist. This was an

initial problem in conceptualizing this system, since much
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of the data are inappropriately measured for detailed vari-

able representation.

Runoff (3), infiltration (4), and inflow of_ground-

water into the region (8) are characterized as algebraic

equations of the form y(n) = gx(n) (see Appendix A). It

is assumed that flows are dependent on elevation differen—

tials (if no elevation differential exists, there will be

no flow) and are related by parameters (9). As discussed

further in the following section, these components have

also been measured in aggregate by water specialists.

However, to eliminate over-specification of the system,

it was assumed these components tend toward this type of

characterization. This assumption may not be completely

correct, as is discussed further in the section on future

model improvements.

A well component (5) had been considered a part of

the system until the time of finalizing the system model,

but was then eliminated. This is the reason number 5 is

not included in the numbering of components in the final

presentation.
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System Graph
 

Surface Buildup (11)

#4 Runoff (3) Precipitation (1)
  

Evapo—Transpiration (2)

Infiltration (4) Inflow to Region (8)
   

  

  

Ground-Water Buildup

Steam Recharge (6

 
Stream and Lake Buildup (10)

Figure 3

The apprOpriate tree (T) includes edges 9, 10, and

11 as branches on the linear graph. Constraint equations

are structured on this basis (see Appendix A).

Model Structured
 

Applying the precise modeling theory (see Appendix

A), the resultant discrete state model is:
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were obtained from the Michigan State University digital

computer, CDC 3600, utilizing a previously structured

program (Ellsworth, March, 1965). Both discrete time

response (numerical data) and respective plots may be

obtained by simply introducing an apprOpriate transition

matrix and an initial condition state vector into this

program.

The program considers the model to be of the gen-

eral, homogeneous form Z(n+l) = QZ(n).

a state vector and the matrix Q is a square transition

matrix of the order n. Since the water model is of the

non—homogeneous form Z(n+l) = PZ(n) + QE(n), it is

necessary to augment the non—homogeneous model into the

equivalent, homogeneous form for solution. This form

is also shown in Appendix A.

Simulations Discussed
 

The matrix Z is

Simulations are stepwise at one year time increments

iterated 10 times to illustrate the dynamics of a 10 year
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period. Input quantities are varied for each discussion

case to indicate behavioral implications of the system.

Numerous iterations were made on the computer with vari-

ous combinations of parameters (altered transition

.matrices) and initial conditions and inputs, before an

appropriate system response was consumated and selected

for presentation in the following sections.

Parameters

The paramount difficulty in quantifying across and

through variables was in the establishment of parameters

for relating these variables in common dimension. This

is the area in which much research and apprOpriate data

measurement is still needed. It is sufficient to say

here that many of the parameters are assumed and are

rough approximations at best. How the parameters were

approximated and how reliable they may be follows.

Specific magnitudes and references are listed in Appendix

B.

It is assumed that parameters p9, p10, and p11 each

equal one (1.0). This implies that all water accretions

and leakages for each component sum zero and that all

storage at a given point in time is carried over without

loss or gain to the next period except losses due to

evapo-transpiration which is included as a component.

Parameters q9, qu' and qll are approximations re-

lating respective build-up flows to differences in ele-

vation. Thus, for each gallon per year of flow there
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will be q additional feet of elevation build-up over a

rectangularly shaped area for surface, rivers and lakes,

and ground water storages. Parameter q9 assumes that the

total ground water build—up is uniform over the total

region. This is to say that all underground formations

are horizontal; this would only happen in an ideal situ-

ation. Parameter qu assumes that a tenth of the study

area is in rivers and lakes (for ease of computation)

and that river waters through the region change four

times daily. Parameter qll assumes that a tenth of the

surface (other than lakes and rivers) area has water

storage capabilities. That is, owing to soil types

(clay, muck), climate, and depressions in the surface

crust, water is contained on the surface. This is re-

duced only by evapo-transpiration.

In the algebraic equations,parameters g3, g4, and

_98 are approximations relating elevation differentials

to flows. Thus, a one foot difference in elevation will

mean g gallons per year of water flow. Parameter 93 re-

lates the estimated amount of average infiltration per

year (15% of precipitation) and the difference between

surface crustand ground water table elevations as a

constant function. This differential is assumed as 100

feet. Parameter g4 likewise is an estimation of the

total amount of runoff per year (23% of precipitation)

and the difference between surface crust and river ele-

vations; about 25 feet. This is a constant function.



32

Parameterg8 relates the amount of ground-water inflow to

the region for each foot of elevation change. This is

assumed on the basis of a transmissibility rate of about

23,000 and the perimeter of the region which is about 72

miles (Wisler, 1949).

Inputs

Models of the general nature structured in this

chapter are very useful analytical devices in that simu-

lation may be readily accommodated. This, of course,

provides a researcher with additional assistance in fore-

casting future phenomena and for better understanding

past system behavior.

This section will deal with inputs to the simulation

model. Not only is this an exercise in simulation, but

a stage of model calibration, refinement and validation.

The sensitivity of input and initial condition changes

may be readily analyzed and revisions initiated. Like-

wise, guidance in data collection may become more strin-

_gent and useful, for apprOpriate substance may be mea-

sured in the apprOpriate format.

Discussions Of twelve selected cases, those having

salient features, are presented here with specific numeri-

cal and graphical solutions diSplayed in Appendix B.

Each case is presented in Appendix B as a separate print-

out continuing numerical and graphical solutions and

'general description of the state vector. For all cases,

the parameters will remain identical. Consequently, the
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transition matrix remains constant (see Appendix B).

Other parameters have been explored in previous itera-

tions; however,_the prototype solutions displayed here

are the most representative of the natural water system

being studied.

Input and initial conditions for each case are de-

scribed in the respective discussions. Specific inquiry

of each case can be made by referring to Appendix B.

Case 1: Generally, this is the prototype of the existing

natural water system, a basis for comparing and analyzing

the following eleven (11) cases. The transition matrix

remains the same for all cases, while inputs and initial

conditions are varied to determine empirically their de-

_gree of sensitivity to the system. Inputs to the system

are average annual flows (Y's); initial conditions (x's)

are generally assumed elevations.

Generally, with these conditions being constant for

ten (10) iterations, representing a ten year time period,

.ground water buildup is rapid for the first five (5)

years and then only gradual increase prevails. Surface

water decreases for the first three (3) years and then

increases,_almost linearly, for the remaining study time.

This latter rate of increase is greater than ground-water

build—up, creating a diversion in lepe curves. Rivers

and lakes build-up at a low and steady rate.
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Case 2: Inputs and initial.conditions are the same as for

Case 1, except precipitation (Yl) is doubled. Generally,

a tremendous increase in surface water buildup develOps

as the capacities for infiltration and runoff are exceeded;

_ground-water elevations and rivers and lakes elevations

likewise increase substantially. Intuitively, these

phenomena should develOp; however, refinement of the

parameters (9's and q's) should make these solutions

more realistic. This will be discussed later in this

chapter.

Case 3: Inputs and initial conditions are the same as for

Case 1, except evapo-transpiration is increased slightly.

Generally the behavior is similar to Case 1; however,

_ground-water build-up is slightly less as is rivers and

lakes buildup. Surface water reacts profoundly; initial-

ly, it decreases to greater depths and then increases.at

a lesser rate than in Case 1. The divergence from_ground-

water curve is less, and the numerical solution at the

end of the study time is much reduced.

Case 4: Inputs and initial conditions are the same as for

Case 1, except river recharge is doubled. The results are

the same as for Case 1. Therefore, this slight input in-

crease is insignificant to change the behavior of the

system.
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Case 5: Inputs and initial conditions are the same as

for Case 1, except that river recharge is increased

substantially, being almost squared. Contrary to Case

4, this increase does affect the system solution signifi-

cantly; ground water and surface water levels increase,

and rivers and lakes decrease substantially. Large

amounts of these waters are recharging the.acquifer

(ground water supply). This is intuitively obvious

and a phenomenon that could be implemented by adding

storage dams to the water system.

Case 6: Inputs and initial conditions are the same as

for Case 1, except human usage, well pumpage, is doubled.

Generally the behavioral results are nearly the same as

for Case 1, with slight differences. However, these

slight increments indicate reduced ground and surface

water levels and an increase in rivers and lakes. In-

tuitively these phenomena should develOp.

Case 7: Inputs and initial conditions are the same as

for Case 1, except that evapo-transpiration is reduced

60%. This reduction creates a profound increase to

surface water level, and to a lesser degree ground water

level. Rivers and lakes levels are also increased. In-

tuitively these phenomena should develOp.

Case 8: Inputs and initial conditions are the same as

for Case 1, except that precipitation is reduced to
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nearly total drought conditions. General behavior of the

system is similar to that one would intuitively conceive;

all water levels decrease, surface water decreasing pro-

foundly. However, ground water levels generally increase;

This behavior is characteristic in all cases discussed

and perhaps is much too prevalent for detailed analytical

study. Additional research into component interactions

or conceptualization or parameter measurement is neces-

sary to check this unrealistic feature. More detailed

information on this follows in the next section.

Case 9: Inputs are the same as for Case 1. However, in—

itial conditions have been altered to show the influence

Of elevation changes on the overall system function. In-

crement values between the respective elevations remain

the same, -90 feet and -10 feet. General behavior is

the same; but all buildups increase at greater rates,

eSpecially surface water. This indicates that signifi-

cant relationships exist between the equation-parameters

and elevations.

Case 10: Initial conditions are the same as for Case 1

except that the inputs have been changed to simulate

spring conditions iterated for ten (10) years period.

Gross water supply is reduced somewhat from Case 1, and

human usage is considerably reduced. Generally behaviors

are similar; however, ground water level is less and

surface water and rivers and lakes are significantly less.
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Intuitively this is agreeable.

Case 11: Inputs are the same as for Case 10, but the

elevations are changed. This is to indicate the sensi-

tivity of elevation changes on the overall system func-

tion. Generally behaviors are only slightly similar,

for the rate of change of each buildup is much more

severe than in Case 10. This can be attributed to in-

creased elevation differentials. Elevation changes

have definite and significant affects on model solutions.

Case 12: Inputs are the same as for Case 10, but eleva-

tions are changed; also, the elevation differentials arei

reduced from those in Case 11. General behavior is

similar to both Cases 10 and 11, but the rate Of change

is much reduced from them both. This probably indicates

the significance of the depth of ground-water elevation

on the water system.

Model‘Improvements
 

As in many research efforts, initial results are

building-blocks to further study. However, through ex-

perimental and theoretical refinements, more meaningful

results may be obtained. Results obtained in this study

presently remain in the conceptualization stage, ready

to be utilized fundamentally as a building-block to

further refinement. If adequate data and knowledge for

conceptualizing and modeling the components had been

available, the model solutions could have been more
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meaningful and refined. However, the simple model

structured here with these limitations does illustrate

the principal features of this modeling technique.

Following is discussion regarding features for re-

fining the water system model:

1) Many of the parameters utilized in the terminal

equations were assumed, as discussed previously. Accur-

ate parameters for relating across and through variables

(93: q4:_93: P9: P10, p11, qg, quI and qll) have to be

measured before establishing reliable state model numeri-

cal solutions. This is another necessary refinement as

indicated in step 3 of the overall modeling process,

Chapter II.

2) It is possible that some of the phenomena may

not best be.characterized with linear equations, but

with non-linear and differential equations. Bounds to

these equations should be established, for linear ap—

proximations only exist for Specific domains.

Examples of non-linear phenomena are:

a) Transmissibility, soil Flows vs. Elevations

permeability and storage

capacities (Y's in Figure
 

Y's

4) may change in relation-

ship to elevation of water

  
table, as differential

equations.

Water Table

Figure 4



b)

C)

3)
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Both evaporation (Y1)

and runoff (Y3) could Flows vs. Soil Conditions

be represented by a 1

family of curves

(Figure 5). Number 1

indicates that as

precipitation in-

creases, runoff and

evaporation increase  
 

correspondingly when

the total regional Precipitation

surface is either Figure 5

completely covered by water, frozen or paved.

Numbers 2 and 3 describe similar elements, how-

ever, they are of lesser extremes.

Evaporation and runoff may best be characterized

as functions of storm frequency, storm duration,

storm magnitude, and piezometric surface eleva-

tion, (assuming shorter time periods).

Precipitation, transpiration, evaporation and

human usage (pumpage) are features that could be more

meaningfully modeled as time-variant (changing throughout

the year and over a duration of years) rather than con-

stant inputs. Thus, a model might be develOped with

seasonal (quarterly) or monthly time periods with

changing inputs.
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4) POpulation is increasing

at an increasing rate, likewise

per capita water usage is in- Water Usage vs. Time

creasing. This is character-

ized by a non—linear curve sim—

ilar to Figure 6. This affects

the influence of the human

 
 

usage component significantly. .

-
Time

Figure 6

5) Snow is a peculiar element for there is a signi-

ficant time-lag between precipitation and infiltration.

This may be affected by the soil conditions, temperature

and winds.

6) Plant wilting conditions may indicate something

about the water potentials that are contained in the soil

between the land surface and the water table. This was

not considered at all in the state model, however, this

may be where precipitation carry-over is implemented

(Hariri, 1960). \

.7) Storm frequency and distribution; condition of

surface (forest litter, pavement, etc.) and many other

elements can be expressed in more refined models.

8) Wind conditions, temperature, and humidity also

influence the capabilities of water, and could be expli-

citly represented. These were considered as aggregate

features affecting evapo-transpiration, not as distinct

components.
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9) A significant alteration is to shorten the time

period from an annual to either a seasonal, monthly, or

a daily basis. The dynamics Of infiltration, weather and

soil conditions, time-lags,draw-down and other factors

could be meaningfully solved for this time scale. This

would be very fruitful for short-run decision-making and

to reduce the chance for over-specification of the system,

(a problem in conceptualizing this system). Conceivably,

it eliminates all chance of mixing short—run and long-

run elements which might have created some initial prob-

lems in conceptualizing the water system.

10) It is important at this time to point out that

the conceptualized through and across variables might

not be the correct system variables. Also, the system

phenomena might not be conceptualized adequately. Ex-

ploration with alternate variables and phenomena would

assist in possibly improving and validating the model.

With the findings presented in this chapter as a

common basis for further discussion among modeling

analysts and water specialists, model refinements could

be very fruitful. Results from coordinated theoretical

and empirical research at this level of knowing can be

quickly evaluated because the basic model is computerized

at this stage. Sensitivity of alternate components,

component interconnections, parameters, and inputs to the

system model can be evaluated and improvements made

eXpeditiously.



CHAPTER IV

CONCLUSION

The modeling technique explored in this thesis may

lead to extensive application in various socio-economic

disciplines and thus, to urban planning. Although the

water model develOped here is not highly SOphisticated,

it does point up a systematic analytical methodology.

It is more than comprehensively systematic, it also re-

lates a precise methodology for modeling the internal

features of a system. Therefore, it has extensive analy-

tical application, both externally and internally.

Another feature that adds to its potential is that

various SOphisticated mathematical applications can be

implemented in conjunction with this methodology, owing

to the manner in which the resultant model is quantita-

tively derived. Some such features are control techniques,

Optimization, linear and dynamic programming, synthesis

and design, sensitivity tests and others. This modeling

technique,along with its associated ones, provides

comprehensive and fruitful processes for simulating real

world phenomena prior to their existence. These could

provide action decisions which are very useful tools for

Iguiding and controlling future development.

This thesis has shown, as Crane has previously

expressed, that logic modeling contains a high degree of

42
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risk. If relationships between across and flow variables

are not known, or if there is insufficient and/or in-

apprOpriate data, various relationships and data have

to be assumed. It becomes obvious for obtaining reliable

results that measurement criteria and devices for securing

necessary basic data will have to become more refined and

directive. Until personnel and apprOpriate data are

available for generating these types of logical modeling

Operations, unreliability will prevail.

It seems at this point it should be stressed that

emerging planning concepts should be develOped about

more reliable and consistent criteria than the tradition-

al intuitive processes. Many planners have propagated

the concept that socio-economic phenomena can not be

quantified and analyzed in detail as is required in an

application such as the one utilized in this thesis. It

is my belief that statements of this nature are generated

and perpetuated because few planners have Observed the

real insights that applied science may hold for planning.

Granted, most socio-economic phenomena are more complex

than those of the physical sciences and engineering.

However, the axioms and theorems of the more mature pro-

fessions may provide the structure for more meaningful

study in the social sciences. The facility of digital

computers and other electronic data processing techniques

will assist in the planner's application of theorems of

inature disciplines to the maturing planning profession.
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Further, the very process of identifying and estab-

lishing system phenomena is Of utmost importance. The re-

flective depth one is required to achieve in conceptualiz-

ing behavioral systems phenomena assists in understanding

and establishing individual sub—systems in prOper relation-

ship tO more comprehensive and complex systems, a hierarchy

of systems derived from the most elemental component sys-

tems. It is conceivable that this arrangement of systems

could be the COmponent sub-systems of a community, and the

community system an aggregate of such systems (Marquis,

1963). Here the planner's role becomes very significant,

for his intuitive, creative, and design talents are

directed to establishing these system models and the

criteria for making simulation or plan deSign modeling

(Logic) meaningful. This furthers the planner's role

in providing needed foresight.

It is also conceivable that the modeling theory

utilized in this thesis may provide a structure for analy-

zing the community as a mechanism of functioning, individ—

ual systems. Stock and flow characteristics, or their

aggregates, of one system may provide the driving impetus

for other systems. Each system structure exerts be-

havioral constraints upon the individual components,

consequently each variable functions within an established

domain, in a particular manner and with an established re-

lationship to other variables. These characteristics,

parameters, may be observed in input-output matrices
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for variable relationships may be directly Observed and

computed. Systems modeling then provides the vehicle for

further analysis and understanding.

At this point examples of this application may be

helpful. The simplified natural water system, structured

in Chapter III, a physical system which is influenced by

socio-economic considerations, provides insights into

this process. Many of the components could be meaning-

fully broken down into sub-components or sub-systems.

Precipitation could be characterized as a vector made up

of hail, snow, and rain. Infiltration may be derived Of

industrial pumpage into ground, acquifers being directly

exposed to precipitation, and seepage from swamps, could

likewise be detailed and represented by a vector of ele-

ments.

In this model human pumpage is an aggregate of ex-

tensive sub-systems as one component. This component

could be develOped from individual systems as industrial,

residential, commercial, agricultural, recreational and

others. Activity allocations and individual consumption

models of each could be developed and utilized by re—

source peOple individually or in combination. This

model could be a component in a more comprehensive phy-

sical growth model.

Other examples may also illustrate the utility of

this modeling technique. A pOpulation model may be

established that indicates pOpulation growth is not the
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sole result of natural increase but also of migration.

Employment may be the flow driver for establishing migra-

tion; and migration, a possible flow driver which creates

pOpulation (stock) changes in the model, may be character-

ized in relation to heads of households and family charac-

teristics. The population model may become the across

driver (creates flows) to a commercial Spending potential

model which is dependent on pOpulation composition and re-

lated spending. This model then Obviously may become a

flow driver to change commercial floor space as shown in

Figuref7; By gradually perfecting models Of individual

urban systems, a complex urban system model may be estab-

lished using these sub—system models as edges for a compre-

hensive,community system graph. This step has been_gen-

erally formulated by Marquis, and here with a systematic

methodology of application, it may be implemented. Pub-

lic revenues and expenditure capabilities, taxes and

others may also be afforded their respective influences

within the total system.
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Schematic Community System

  

    

 

 

 
  

        
  

     

       
   

 
  

  

       
  

Water Usagei—v Utilities

Open Space

POpulation :;, Schools Circulation

Housing '* Business Business

Households Potential ~Potential Lands

E 1 Economic Industrial ‘ ‘

mp oyment ' Potential ' Lands

Figure 7

Another possible modeling and computer application

of this technique may be related to control theory and

to the develOpment of desired communities. Presently,

zoning and other regulations used for Fguiding" desirable

community develOpment. Performance standards are being

emphasized for guiding future development in our expan-

sive, develOping urban complexes. It is conceivable that

a desired community structure could be programmed on

computers, along with existing community structure. Poli-

cies, objectives, design standards and performance
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characteristics, desired land use relations, could likewise

be established and similarly programmed into the computer.

Decisions on future development, that which is to be the

difference between desired and existing conditions, can

be made from alternatives obtained from the computer which

compared needed types of develOpment to prOposed develOp-

ment in regard to established performance standards

(intensity, use type, others). Control theory and other

modeling methodologies may provide useful means for

analyzing these problems. It could prove to be a de—

sirable substitute to the rigid and sometimes unrealistic

application of zoning. Performance guidance may become

a directed, operational notion.

Preparation of accurate component equations and

parameters requires creative design abilities. Intuitive

and creative talents of planners can be utilized to the

'utmost at this level, for this requires the talents of

disciplined specialists and planners having an under-

standing Of the urban community. Once the system model

is established, alternative decision strategies may be

evaluated in reSpect to previously established goals and

objectives. This should assist in providing for more

meaningful planning efforts in the future.
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4000*1100

5.UU+UOU

6.0U+UUO

7.00‘000

8o00+000

9.00+UUU

1000+U01

50*010

fi0+Uiu

.HG*01U

00+01u

00*01H

UD+ULH

gg+glq

1111+11113

0n+01n

00+an

1;} * 1,1 '1 i1)

1U+Jdo

‘1 1"}4-1‘} r1)

10+006

15*310
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DESCRIPTION:

Inputs (Y's) are annual average

flows into the natural water

system. The initial conditions

(X's) are assumed elevations.

The purpose for this case is to

establish a basis for following

case comparisons.

Headings for the remaining

cases are the same as for

this case. Therefore, they

will not be repeated.
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TRANSITION 6oflfiflfl'vfll '3» J J+J“H 9.lw~u-a“2 —”.fiunn+uwu ~1.wan0+u33 1.50fl0-011 “1.3uflUvUII

MATRIX -n.mnm+ww 94.9.? '11-»;(1 «,‘-..»..2-;_.--‘=5 - .‘J 7J+U"J *'l.‘,=J"lU+dllfl '1.I~Ui7tl'll1_l 1.."jéial‘wuél

7.“U”G'H“l 4.“&‘e--‘/ ’.«~ u-- I .~J‘1—u11 - .{qu-uz} n.qunu+nnu 1.9saq+u a

“n.“lflfl+w’u '7.*J 2+!3; ".‘¢‘¢v;“u 1.:u<n+u”4 -*.w513+un3 -n,woaa+nnu -n.njmw+g~n

‘U.9hqh+fi*t "”efil'5*) W ‘3a‘J'H+3”fi ".*9 3+0 G “.JU}U+JWO “7.?Ofifi+ufia ~J.w¢)a+ufid

'“.¢hflfl+u*~ “$.VJ.}*J u "9.7: Q+fi73 ‘ .“d l+U J *l.lUfiJ+UUJ Y.FU00+HWU ~J.q4fin+ufld

'fi.‘.".='"‘60+h"u: “'.".“!"3+.I‘=.} ' WWW.) -"'.~“.."' _HiJVi} ".‘.7"J".‘.’Li+’i7l "‘!.'“w’!;”%..)+}'sfil f..£‘:’.‘t‘j+=j"':;}

X(9) x(10) X(ll) Y(l) Y(2) Y(6) Y(7) Years

‘**?‘ ‘ ‘ ' ‘~+¢ .30+U‘o 1.wn+nma n.nu+uou
l

STATE '1ofl‘t'+qld "‘9'.‘K+J:J, 5’. , - o .. o .. . 1

VECTOR -6.flg+flni wgahn+1;g g.a;+‘l; d.og+g11 1affiypl1 1,1g+gan .qg+glg 1.0U*UUU

~3.‘39+£}£1; 'f.‘_3:>+}';1 i.-'\L+“:' -’i.“zCz+s,H‘ l.’ ‘1 i.vli3+--J.ld 104-931}? 2.00‘U00

1

3
.
.

,
4

_
-

C

.
.

s
”
-
1

'1.16+0#1 ‘4.A%+JIJ 5.5wvé‘; 4. g+cII t..: .¢u+uwg . u+u1w 4.0U+UOU

*5.58+UJU -a.4a+d?1 9.?dwlkt 4.{ u+gqb ,30+gjq 5.0U+UOU

'1.‘7+UVU "*»*Z+Jl3 l.‘w~:‘z r.*d+u;1 1.3w J? . u+¢ld 90+u1w b.UU+UUU

9.45-0» , l - , I 2 .H Hu+115 .Ju+a11 7.0u+unu

?.7£+03u ~7.fi1+730 r.?$+}‘£ 4.nu+a11 1.?fi+01 0+036

: ' L

1 1

2
.
4
.

I
J.

I

/

. , 7 )

-?.n9+an1 *¥.?a+i‘; %.s5+**1 ¢.<u+011 1.?n Ill ~.xa+azo ..3U+fl1? 5.ou+uno
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_ .flfl+31n 8.00+U00

3.97+91u «9.~!+g:t Q+UJS .30+fl1u 9.00+U00

"3+u45 1.09+010 1.00+U01 5
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X (11)

50 DESCRIPTION:

 

 

/' ‘ All conditions are identical

 

to Case 1 except that precip—

 

/ itation is doubled in magnitude.

 

X (9)
  
  X (10)
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TRANSITION

6-”UQU*HUL
U.HJ11 +

\
.

\
- U

.

J

C
. I

) \

I

o

'
3

.
‘
q

i
d

+

4
:

Q

U J

o

J>070*JJJ 1.3000‘H11 '1.5JnU-Uil

MATRIX “fl.‘w”u+wfi: w.}!‘»-.:i x.”« u~H7$ -‘. J u+u J -1.13Wu~u1) '1.QQUQ~H11 1.filfld~w11

7. F:,/~. "I :j"ig~’:l '1. ' ,1 __ ' ' j. ‘7 u ‘ :I-,'; I‘]. 39 {U '6'-“ 1:} n4 . 4" 1:3-) ‘ d 1. j [J I} “4,“: (1‘ U P] . 1‘; 1:3“ +61: ‘1 U

-q.mhflfl+bfii -W,W;;q+ ‘d , '3. q+fi3q 1. J 4*UIQ *I.7QWJ*QIN “W.|UHC+HUH ‘Q.N‘WU+HVJ

”q'pW“U*“'i *“-'"'«'-‘+ ”'~ H 1*9 u - .:u 3+U'd “.7IWJ+W°” ‘“.?Ufin+nwu ~J.-§nq+dnu

-q'n’n”+“”‘ ‘W’fi‘1"+‘ - " ~" v"°‘ “*n'V"U*J'W ' .3QJUVJ3J ‘.W0flm+nfiv -n.“wmw+wiu

'Q-n‘"“‘t" ““v‘»'x* « ~ , ; uvw“w - .‘u 4+5 3 ~1.WQ1J+JAJ ”‘.HUGH+hWU 1.nt}u+und

X(9) XIIO) X(ll) Y(l) Y(2) Y(6) Y(7) Years

STATE ’1'“‘*”“< ""*~*J‘E :o' -!'4 s.=n~u~z ‘.*n+u®1 1.;4»mfin i.74+;1n 0.ou+unu

# VECTOR -6'flj+U’; ~40” +3 . , )bflil *.AU+J3I l.i3“fl}5 1.HH+QIW 1.UU+UUU

'3.FV+Q l ".“D+J'w “i.‘€“-" 9. ”+C‘T ‘.nb*1}l 4.1UVWW6 1.77+Ulfl 2.UU+UUU

-7.7a+f’!2‘=fz. ~-i.'.-).L+‘.!":; -.:._,,..-;-:. .T. (‘3...711' 11.5;4-111 '3.'}i.**._314) 1.'-"I+{H.U 3000*UUU

'1.jfi+dfll IJ°Ib+J " ”R')“ . 2. U+x.I ‘.6w+d1i 4.Wu*wio I.JQ*Uiu 4.00+UUU

*R'/$+OQ“ "'”1+"" “7.<~vu‘= P.”U+H!J ‘.fiH+Uli 1.nU+un6 1.n0+qiu 5.00+UOU

-:.:;+f-i Mfi°7**“;” ""’“ ‘ ’- @*RW‘ T.“U*W?i 1.41+47w 1.wn+nin 6.nU+UOU

-a. +u'u *M.wv+;:: 1.73»:‘; i ’J+i11 ‘.4’+‘: , 2' y ' .; " w ’ ' ”

-7.19+0nu -<.AQ+J]H fi.5jv:_L ;:}0+5 ; 1 “xvi i : wj:;;f l.lg:gix ;.ou+gou

'1-‘$+Ufih **.4v+ué, ‘.‘/~¢7w ; ~U+01{ s An+915 1.JI+J]: '1. 3‘3 'OU+QOO

- ,HU ,. ' ~ . -L - ’ J 1.UO+UIJ 9.00+000

”7.56*U*l ‘4./7+;11 1.?L*3“‘ 7.VQ+U*1 ‘.8U+011 4.30buin 1.00*01d 1.00+001

50 W__ , a. ,_ is i __ H i“ _ mm,dm .m_m

All conditions are identical

to Case 1, except that evapo-

transpiration is increased

a...4¢>—*
*’:x (11)

33% in magnitude. 
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CASE ll-

6.nflfl0-L%L ~fi.fifii3+Jku ’."S”u—0W2 -W.H3“U+030 -n.7u¢u+un0 1.3000-n11 ~1,Innn~fl11

TRANSITION '0.nrfio+«wn 9.4J‘u-,;1 *.”u‘U-u”5 - .(J'n+010 -a.137¢+nio ~1.1003-d11 1.0174-011
MFTRIX p.a;fiJ-H": 4,uuii~,ad ;,w,-d.a=1 1,43‘a-ntu -1°<uJ;-J1d fi.wuflo+nin 4.u~wn+gn0

-0.“?53+¥”J 'H. ";+ “ ~ .“"u+i'i ’.'J 1+) 0 -‘.‘Jv1+did -O.Jiflfl+flflfi ~W.“13H+U3J

~d.fizfifi+t - . . +i - . 2u+u u ~ . 2 ‘+)WU 1.1JW3+GW3 -n;nnfin+nww "H.HWWU+UWU

-0,fl.fi;+n' —1.,.x;+w.n ~§.iw”u&d‘fl -”.*J d+d U —?.VU‘J+13J 1.Wjdu+nfiu ~n.n2uo+uno

-n.ri:’,~‘t!+,l"" '31,!é_lt + I, - , wan/1 - ,, . l+(;*f1~“.'t*‘w)+1‘lj ~W,'}l'!!'7lj)+a!1‘ix"3 {V,":1'1.‘.+{;.';U‘

X(9) X(lO) X(ll) Y(l) Y(2 Y(6) Y(7) Years
7‘s: " 1+ 7

/

r/

!
v1,fi{+n.L ~w.ng+;i; ;. , ,*~ v.=m+af: i.9; L 3.2J+uim 1. U+J1n 0.00+uoo

STATE -5.» +5.; ~,, +J . ,»,, f_,u+ns- ,?q«g11 1.)J+:Ww 1.J¢+uxn 1.UU+UDUVECTOR ~3.A«+Ufil -4’ h+ua ~J.Hd,§. /.*U+flVl ‘.20*fl1l 1,pu+dna 1.3H+01u 2.00+UOU
-?,?g+gé; ~«.4c+}'J ~1.~‘+;‘, /.WU*U‘L ‘.?U*U‘l 1.?fi+JW) 1.HH+UIQ 5.0U+UUU

“1.35+D l ~).,\+, ‘ ’. ‘vj . ’.”J+U‘1 1.PJ*J’J ‘.?d+u\n 1.WU+UlH 4.00+UQU

-R.?C+0Uh *9.UC+J*W W.)é+l‘w 7.°U+811 .9U+J11 1.?0‘Jflo ‘.WH+QIU 5.DO+UUO

*4.R2+Oub *W.“/+A.J 1,«5+.'; 7.?U+u11 .)U+0'l 1.’U*Jfld ‘.Wfl+flld b.OU+UUU

-2,75+0?m ~e.ns+5fiw 9.?nr'?’ ;,1Q+u71 2.?u+011 1.31+u“3 1.fifl+01n 7.00+000

~1.37+GU£ *3.‘5+Jiw 3.8fivw“} 9.‘J+U“ .94‘011 1.)J+J“fi 1.33+Uid 8.0U*U00

~4.4/—Uii ”M.13+uaw ).«v*%“i .IU+U‘1 ‘.9U+J‘L ‘.)J+Ufio 1.3G+01H 9.00+DOU

1.Rfi-UW; ~/.NQ+J’J <.>9+J21 “.“3+U?1 ‘.?J+U‘1 t.?0+10h 1.JG+01H 1.0U+001
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”Wm“mwwwn_~
DESCRIPTION:

   

All conditions are identical

-_m__ w.” __ i__it.-.ri_ii-H _iiw .._r i_~“ i- -_ ’ )( ( l:L)
 
 

to Case 1, except that river

  
  

acquifer recharge is reduced

  

33% in magnitude.

 

X (9)

X (10)
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NSITION 5-““““'U“J ‘”-*3 '*“* ‘o‘I*%~W’2 -”.i0‘3+0“a ‘WLEJWU*JlJ 1.3330-311 ‘L.$WJU-flil

EATRIX '0a“*“U*U”' 9o*i‘*“‘}1 N. “'u"fl'é “h. J ©+w‘i -WH‘J5¢+J‘J ‘1.IrUU'ull i.“ wU-LlL

Z-thd*L‘; 4.‘H V“ 3i ’.~. U‘4 I ‘.‘u i-til ~‘.~U'J*JIJ \."”U+HWU l.”*wi+wfid

-n.fl._":;fi+-L_-V' ~33."'gi3+3j u*‘°"',w‘ I} 1, 31]+_§I1x -‘ U}.lb:})l ",l.i;:3?“;‘:+ij"-{‘ ~I,;‘ “+1 1)

-n {lf:.§']r"}+:g‘;' “'“.-.‘= [1* ‘ " , I47! 3" , 1} ,‘+4i'l 1,1_!‘}~5"j‘1j "3‘33'JDit-J+5IHI‘:] "t‘H “Iii-+‘9J’J

-n.(‘5q1.’1;‘;+gpfi. "i‘.';.,-_:¢-"_'.) “;.‘-‘..}+.;‘:;’.i --‘:.-:,J:.j+. nv‘fi J}_‘)...‘j]l 1.\fl{[]+{_]zo_‘2.1u1..~“_‘5\"’.

-fl quw+w*i *9.‘:‘~+; w W‘.‘ ’U+¢=J ~ .*3 n+3 ; ~“.é}70>d‘} ".'H J+ ‘J 1. .ed+w'1

X(9) X(lO) X(ll) Y(l) Y(2) Yg6) Y(7) Years

-1 nr+u 2 « .P»*1 i f.‘ ~" .ifivgi 1.?J+fi I 4.Ww>d‘! l.>H*U1“ J-Ub+b00

STATE “£7; QCI+UfI _1 J [(p; 1. .. .‘1-4, ‘ 9.1‘1$y}!"' '.}‘»,;~+s]~31 (1"nizjvd1u 1‘.5‘.'\':'+‘Hi1'! iOOU+UUO

VECTOR -3.B6+flwl “1.!w+)'i ~/.74*"’ 9.‘U+J‘J ‘.?d+flll 1.Wd*difi 1.WQ*HIH 2.0U+UOO

-9 11+nst «1..§+ y - ,\<+i7n E.‘B+ULI 1,PJ+91L 4.GJ~J23 1,}J+31n 3.UU+UOU

~1.93+&91 'l.u“* I ,, :+: “. n+3il ‘.?U+Jti 1.}J+uid 1.1a+niu $.0Q+UUO

~A Ro+0au ~x.iu+3li ’.K~PJ31 ‘,1n+311 *.?3+011 4.WJ*U?H 1.Hn+oin 5.0U+000

-1 As+gnp «4 12+» 1 2 ~ ' ‘u+g:1 ‘.9n+01i l.iq+flfd i.fla+015 6.0U+UUO
\. Q ‘1 . J ’l -.‘—- .. - C 0

~ V

'1.?h+flfiu .15+J?; ?.d=rw”; 7.iu+u?1 .?U+Ufl 1.ld+Jid 1.WU+UID 7.00+U00

1 T’s-r: _:1‘ ~*,1q+;‘; <.‘(;_‘)w?)!i "3.441“; 1 ,9LHJI1 "with-Jill i.='li_}*L}l{} B.UU+UUU {

i.nb+fl u ~».iw+' ; ‘.1)~ “ ,,‘n»g~ .DJ+011 1.'U*Jl% i.JU+UlH 9.UU+UOU g

1 7<+gng w: 1~+, 2 I 7x». 3 . 1}*n1 ,Qq«qy1 z,w}*UE 1,fin+015 1.00+001 f

O \J I - O L w .. ‘0 Q N . ~

.

50 I

t DESCRIPTION:

/ X (1].) . ‘ . .

All conditions are identical

to Case 1, except that river

1’ acquifer recharge is nearly

E!

m /’,i
. .

E "//’ X (9) squared in magnitude.

3
/

z ' X (10)
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TRANSITION 5-OAQU‘Vfii '“o”®‘w+& 2 ~n.nu<n+uwa .1.»ona+ana 1.5300-u11 -I.Innm-n11

+pw. W.H¢1+~W?l 4.7+ u~un5 - . u“n+w 0 ~..

1

I
; .
4

O

J

-
4

C
.
‘

1

.
5
-

J

MATRIX 'O-Qvfifi iuiu+aiu "i.“UUJ-Ull 1.37flw-Qii

2.”?30'i73 ian'U‘iin ’.“U"U-W‘ 1.40 J-Uifl ~1,§UWfl-JIJ W,JUHU+§QU q,uifig+gng

-n,nynt+y - «L,W;in+;‘i *5.‘5“U&&Wfl I,lj'fi+ut3 «T,EJ)J+JQJ ~1.jflfig+unn -Q.QJQHIan

-Q.(‘.L‘;:"§;:;+L( J “:15, JAI}+}V'1_; ~‘c“:‘:i;_$+._‘a~‘,t“j -7\.i:§.j";.j+tl~'-U 2,13},§-}‘!} 6"}.ila'l734’é'10?) ‘3‘}.(7:‘}"};_}¢G71j

’fl.PFflU+: ~?.'I , J n - . 'u+~ Q ~ . J+' j ~x.!Jfld+JfiJ 1,ngng+unn ~1‘pqnn+gwg

'0.§vfl0+L“~ 'UI7J7 +T'u 'E.‘«'U+JIG *‘.‘J 1+» J ~N,IJlu+ilfl ~J,quflq+mfig 1,risw+gng

XI9) X(lO) IX‘ll)z H y(l) . Y(2) Y(6) Y(7) Years

STATE '1'::+37f "7’ “ -. I.jyfgii :.fr+__i 4'73‘47” ?.j0+fitn n.no+umg

VECTOR '6'”“*“”* ”f' ~*~ ' L. ’ ’o~d*u13 ‘94"*©‘l }.Jd+d?b 2.ia+oiw 1.ou+uau

‘3-‘5+Ull “”-¢¢+¢7w *’.««~+iu 9. 0+u1. *.?u+nii i.ii+aas ?.ig+u10 2.00+un0

~2.?4+341 *’-1/+‘ » *'.‘2" P.iu+u17 ‘.9n+vii 4.»J+Jflo ?.WO+UIU 3.00+000

'1-3h*331 "~*i+3" 9.”39;9» 2.‘Q+U?I F.9U+&*l J.”G+Ufib 2,flfl+01§ 4-OU+UOU

'8-59*“?L ‘h-“9*3 ' *.*S* , ‘.”G+U:i ‘.?U+H1l 4.fld+016 3,nn+nin 5.00+U00

'5.79+JWL “*./fi+w'“ Y.5i-i”h 3.73FUTL {'?R+J‘l ¢.ld+qu 2.J3‘UIH 6000+UUU

’3-n7+ufib ’f-9?+JF~ 9.19»i‘i ?.¥g+813 ‘.2H+431 1.JJ+JH3 ?.JG+QIU 7.0U+UOU

~I.69+G3t ~7.~i+32¢ H.€J+&1e :.iu+011 .Qn+aii ;.i3+g3n ?.Jn+ain 8.00+u00

'7.75-Ufil "1.90+J‘; 7.£¢vfl7é 7.23+011 +.?U+d?l ¢.Wfl+gin ?.OU+QIH 9.UU+UUU

'1-49'033 '8«“J+=‘H <.1w+gii ?.nn+uii *.2n+e11 3,na+unb 9.J§+UIH 1.0U+Ufii ‘
I

I/
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I DESCRIPTION:

 

All conditions are identical

 ,,;¢">< (11)

’,’~’ to Case 1, except that human

 

usage is doubled in magnitude.
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TRANSITION 6'nUnU-LN‘ ~”’””"+"d ’-'“‘0-c'2 'C.WU”O+JIO ~1.fidfld+flfifl 1.3000'011 'I.3fiflfl~011

MATRIX ‘"'”V“”*I‘J “~TUI ': L *. u~iw5 -».iu n+u 3 -wIegwg*Jqu ~i.numq~mii I.W¢Wg-fi%1

9.:an—I‘L 4", :1 3 ’.~ I-u'l ‘.<; 3‘11} 'I«{UIJ‘NIJ fi.fifififi+ufiu I.flfiJw+H“J

'qop’nI‘+d' ‘ o J 1“") j} "‘ I" “*I‘I'Is .‘L,’ J+I II UII‘QIII-fi‘jqi} ~=",.I‘:I}:MI{3-‘ef‘fl;} “q'l'fg'lfl‘:+g‘jf';u

"$.0LDUvUHN -@.fé-w+; u ”‘.I; n+3 U -‘.*S n+difi ftfinflu+ulu -R.IGUJ+NGD ”I.flidb+nia

-n.” AJ+I -.,. I+I «~. I* ‘I - . . I+U a ~I.‘373«$*w <.I0“3+fi”0 'W‘V:II+J'O
—n.flrqu+‘ .’- ‘o I-‘r m 3 Au: I - , I ]+, -‘.,,.;:I“}.'j+-IJI‘.._] 'i‘I."II.7fIQ+.I'}I] 1":‘2‘ET‘I‘I‘IZNIJ

X(9) ‘ XII?) \Xfll)‘ -. Y(l) Y(2) Y(6) Y(7) Years

STATE -1.ru+0s¢ «I.~v+ -3 . z' Ifl+u3l /.HJ+Uiu 3.VJ+UIA 1.fifi+filt 0.00+UQU

VECTOR ”6'n3*gil “7*“'*‘ “.* ‘ . I+QIL 7.AJ+Q€Q I.)Q+J?o I.fia+aIr 1.UU+DUU
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'1.XE+U“1 ”4.I2+I J.‘ '1‘“ ».‘u*J1i /.WU*UIU 3.UU*JHO I.JG*OIU 4.00+UUU
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l%///’§ in magnitude.
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CASE 8
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'0.“300*LI ~w°,I, +43» ~ .IvIw*M°u * . u“w+u‘n -W.IIIJ+JJI 1.»nnn+un0 ~I.na4u+uh

‘I'I.I’II_".‘.'J+I"- “"f."'I ,+.7\'; ~‘,'~- 2+\“‘I_i -',‘.‘,' ‘j-bi j_I «I.I)I)+)¥I., -‘1.3.-!.~,.}+1},-‘U I.7vj“.-I+{I."I;‘j

XIQ) X(IO) X(ll) . YII)~V Y(2) Y(6) Y(7) Years

STATE :;::i:fi;: :;:;::: A w;.:::é:z /. j:«‘ :.R4:djl i.dukhjg I,WNLUIJ U.QQ+UQU

VECTTHI -1 59+“): ~ ; ; +1.4 -.,L\+I .1 ,. Ql+x.: ‘,;J+ A] T.aJ+uio 1 ,Ig+u1u }.UU+UUU

'7 ' ° ‘ °' . - 'o - J 1 I-4J+dlo I.Iu+uIn a.UU+uon

'9-z“*011 "~’”“I 4 ”W.N3w,‘; i.FU+H‘4 ‘.>u+JII 3.IJ+UIO 1.IN+HIH 3.UU+UON

’1-%5*541 "’o””*i‘h ‘3.‘II-‘T 3.1d+0"4 ?.)U+UII 1.UJ+qu I.JH*UIH 4.0U+UUO

I '1'n“+0’1 'u-i7+” ” ”x.’*”IW‘ 9.“H%U”4 ‘.)H+UII A.HJ+UWO I.IU+U1H 5.00+U00

'R-“**Vlb “‘~’i+s w "’.<v>” F, Utu'4 I.?J+J1] I.Hd+udn I. I+JII 6.0U+U00

’6'4“+HJU ” ‘/4+"1 ‘r-flf".n 7.‘”*H‘4 .?I+UII J,Iu+JQg I.QU+JIU 7oOU+U0U
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DESCRIPTION:

All conditions are identical

to Case 1, except that precip~

itation is reduced to a nearly

total drought situation.
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CASE 10

TRADJSITION 6onl'nII-U'fl'l ~Ia‘1IIw+i 1?} ’I'Vglil‘IiI‘hl'IQ‘. ""~.I":LI'L,‘I+UrII) "I'I.I'II"‘ILI‘I'IJZIIJ 1.<DIJ{I~'II1—1 -1.§“x‘II;-II11

MATRIX “0°n‘“9*t"v *-JJI+“?'f <,*nIJ~? g - .34‘3+n»u -:.Iurn+qnn ~1,wofig-011 {.an.~U11

 

r).rf."‘-"v:-"i 4...“,“Ij3 '73:“ .LJ-‘I 1, E§<J 7"IJI “1...,III"IIJ':.,I1‘:I ‘In'IOI‘O'I'II‘nU II! "I'+U‘§)

-Q.PTHM+I“I ‘W.¥x‘“*1 ‘ *3.‘u qvi‘d ‘.VJ I+II5 ~“.IuiI+ulu ~I,fluflg+w‘w ~2.u2WI+n70

"0.0:“3+I., “3.II';+I : ~*.‘r‘w+;'fi ~ .'2 fi+»‘9 3.10IJ+GII -W.Wdflq+flfin “1.4w30+u J
“0.0Ifiu*v '“.!I II. I ""‘- "*I'J * s ‘ I+I‘D -?.Iuiu*3‘3 IuIG»J+.Cu ~I.“*dw+0‘d
'0.“e?¥+u“I “I.dw‘l+: I ~ 9 H.,~.an ~ .1» 4+J'W ~I.IuIJ+J}I *I.IQWJ+wmu I. «Iavfififi

X(9) . X(lO) X(ll) y(lI . . Y(2) , Y(6)”: _ Y(7) Years
STATE "I.”W+0 c ’ . "I I ~‘ ~Q'I+I‘ .I4+u‘l v.II*I': 4.WH+W“J ..00+000
VECTOR *5."‘3+'3'1L ‘“ . t .Ifi’ _; ,“JrI” ,‘§:‘I+:)Il ~,II_.H~J"»~ ,.-4.:‘I+II:II.) l.UU*IJIIU

'3.*4+@”l * .“H+d H 'Ia If“: ~.‘w+d1‘ .I0+I‘t 6.0Jhllw W.II*UF§ 2.00+000
-2.?r+fl33 * .n$+u . . III .‘u+I1 ,$U*I*. v.'z~»3n A.na+uuw $.OU+UOO

’1.36+0 l ‘ .d I: . v?” .“HIWII ‘.’I*W‘I 7.IJ~J?5 4.IH+HIw 4.00+UOU
'8.7/+I}GI "x’.:"L" I ici’rfl" ’,"-'IH_I“ ‘.KI.I‘I‘III 3,I}§-.;I§, I'I'II'}+{"I',IJ 5,nfl+u00

‘4-O/+U¢L “*IrfitHI» ’o‘"WW" ‘.“H+u7L JQSI+I11 $.IJ~AI3 R.!u+unv 6.DU+UOU
~2.“k+HWL .~I+I .~I ‘r ~.'I~w‘L ».5nv3*1 3.:d+J:5 R.nu+ann 7.00+UOU
'1.h?+0”t "i. L+I~V ”DIIWI‘I *.‘0+d” ~.§J+Hi; w‘J3+Ifls R.fig+anv 5.00+000
~6,n5-n41 ,fio+,Iv fin<I+w j I. 040*; ¥.<0+011 7.iu+ufio 2.nq+avv 9.00+000
1.?b'00k " .Lb+d*. ’.~ “I“? ‘.*u+074 ‘ifiawa‘fl 3. V+dflo Q.IQ+099 1.UU+001
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DESCRIPTION:

Initial conditions are identical

X (11) to Case 1, however the inputs    

  

 represent spring type conditions.

Precipitation is increased 50%,
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evapo-transpiration is increased
X (l0)

50%, river acquifer recharge is

increased 20% and pumpage is
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TRANSITION 6'”“”“‘t”‘ '“-‘*‘~‘W“J Je‘niu-JW2 -w.vuwn+uan -».wung+u¢1 1.xauo-u11 ~1.<nnn-n11

MATRIX -n'nhflu+ii5 gnEJ-H’?‘i \.4"U"Hfl5 "..J‘W+U4J 'l.\"j+3}d "lollfld'flll 1.3)WH-}7

?.“H‘c°l‘1 3.9: ?*4‘) ’.“v‘!~x‘i !.<u 3-130 -L,%J}J~J?J fi.edfig+nwl 1.Jl3=+u‘4

"n.fl{17‘§i".*z,’,« “‘I.’ J‘.";"s *"o% "g-klfl‘j '1,sk}‘,_;+;j‘;} v-‘Qlfj'i';»ul,; ~f}"a.‘g;len+rur=(5 ~1.“:;:}“....1{i~,;';
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l) Y(l) Y(2) Y(6) Y(7) Years

'l-n“*”‘¢ “"°“‘*4 " ‘ " *.‘u+dll 7.?J*4wu 4.fii+»rw D.UU+UGU
STATE _Q.I{“:fl.+.\;‘,‘} -3 t_.'4‘§+;(1. u.“ f, “31$- ; _~.\. ‘. . ?-._.,,.}.1

VFCTOR w~ n \ .0 l a ', —’ 'J “a.“ 1 _‘Ai . I ‘. l Dir | If) I4. ‘p"1+i‘)., 1. OU+UOU

“ '5'4“*5i* ‘“'75+"L "'-“’* T ‘.*0+H13 J.<u+nw a.w1.;qn a.7p+auw 2.00+unu
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DESCRIPTION:

Inputs are identical to Case 10,

except that initial conditions

are altered considerably to show

the influence of elevations on

X (9) the overall system function.
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