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Preface

The concept of a social science laboratory was
another of those “buzz” words which appear to
mean everything and at the same time nothing.
When a group of us began to advocate such an idea
for universities and colleges in late 1969; it was
immediately accepted in a fuzzy sort of way. Our
focus for the laboratory was to be a generalizable
computer based model.

Water resource planners have been accustomed
to developing and using computer models that focus
to a large extent on the water subsystem of the
entire river basin or regional system. This focus has
been so strong that the models have not been able
to deal simultaneously with a wide number of con-
cerns that are directly or indirectly related to water
resource planning, such as the effect of pollution
regulations on employment of different segments of
the labor force, employment by different segments
of the business and government community, percent
of incomes spent for vdrious types of water uses,
externalities (market values of homes, land use
activity, assessed value of land, etc.) associated
with water quality and use, and the financing of
alternative water resource plans. In short, previous
water models have not been models of an entire
regional system with the water subsystem realistically
interacting with all the other major subsystems.

The RIVER BASIN MODEL is a water resource
model, but it is also a labor market model, a com-
mercial allocation model, a migration-housing
model, a land use and assessment model, a govern-
ment operations model, and several more. It is a
regional systems model. It deals with a full range
of factors that impact on the water subsystem and
a wide range of factors that are in turn affected by
water resource planning decisions.

The RIVER BASIN MODEL deals with groups
of people, corporations, and government depart-
ments as they interact with one another within a
spatially defined environment. It differs from other
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water models in that it generates much of the data
used as inputs to water models as a result of com-
plementary processes that are a part of the regional
system. For example, a typical water model might
need inputs as to where industries are located, how
much they earn, what their tax payments are, and
how many people they employ.

In other words these are normally exogenous in-
puts to the model. The RIVER BASIN MODEL
makes these and other factors that relate to the local
water subsystem endogenously determined factors
that are either human inputs or generated by com-
puter simulations.

The RIVER BASIN MODEL recognizes that
many concerns of the water resource planner may
be handled only within the confines of a holistic
model of the regional system. To deal with the
economic, social, and governmental impacts of water
resource planning calls for a model that incorporates
and simulates the interaction of many subsystems
other than that for water. Some of these subsystems
are directly related to the water subsystem while
others are related in only an indirect way. The
RIVER BASIN MODEL is an attempt to represent
in an operational model all of these major sub-
systems, and thereby place water resource planning
within its realistic perspective.

Users of the model are given control over all
the resources of the local area being represented.
Some of the local activities withdraw water directly
from the water system and return their effluent to
that system (either treated or not). Most of the
businesses and population of the local system use
municipally supplied water which also must be with-
drawn from the local water system and treated if
necessary. The municipal treatment of sewage is
a decision that is made in light of local considera-
tions, such as cost, pollution levels, intergovern-
mental cooperation, etc.

The RIVER BASIN MODEL is oriented toward



user requirements such as generality of representa-
tion, flexibility of change, ease of inputs, and read-
ability of output. The model provides, among other
things, great detail on the quality of the local water
system, the pollution generated by industrial,
municipal, and water sources. It also illustrates the
impact of pollution on treatment costs, health, rec-
reation activity, and social dissatisfaction.

A wide range of decisions and their consequences
may be illustrated by the model. For example, in
the economic sector the impacts of response to
water pollution regulations, fines, comprehensive
planning, and quality of the local water system may
be shown. In the social sector, the effect on leisure
time of pollution, political pressure agains polluters,
and loss of jobs because of plant closings can be
represented. The impacts of many government
decisions may be shown: comprehensive water
management programs, changing utility district
boundaries, intergovernmental cooperation and
many more.

Operating programs of the RIVER BASIN
MODEL computer package illustrate the impact
that the water system has on such phenomena as
housing selection, employment, time allocation and
the activity patterns that result, and government
budgetary activity (revenue collection and disburse-
ment). The users of the model may make a wide
range of private and public policy decisions which
affect the simulations for each of these phenomena
and more. The detailed and summary computer
output reveals the interactions of these decisions
and the collective impact they have on the environ-
mental quality of the represented area.

The RIVER BASIN MODEL, given its present
data base, does not, however, represent the work-
ings of an actual regional system with enough
accuracy to be used as a predictive device. It was
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built using aggregated representations of people,
businesses, and government activities. Its primary
purpose is to give a holistic view of the workings of
a hypothetical regional system and its water sub-
system and to allow its users to interact in a dynamic
decision-making environment.

For nearly four years work was done on a com-
puter-based model which could be used both for
research and training purposes. When it was thought
that this end was accomplished Envirometrics Inc.
approached the National Science Foundation for a
research grant. :

Upon approval, the grant was used to test the
concept of a general social science lab by having
several disciplines use the same model to teach their
extrant courses. ' N

Part of this report is the result of that experiment.
The story and results are told directly by each pro-
fessor, except for more overall comments I made
myself.

In terms of the current program of the Environ-
mental Studies Division of EPA, the model and its
availability to all represents a two-edged experiment.
The first facet is related to the design and experimen-
tation of a large scale holistic model for research.
The CITY or RIVER BASIN MODEL, is some-
what unique in its size and comprehensiveness and
serves as a useful starting point for such an ex-
cercise. Secondly, there are the concomitant ques-
tions of user acceptance of these large scale models.
Part of our studies will document and analyze this
process since the model is presently in the public
domain, as is most of its documentation and is
currently being distributed through a network of 10
regional centers in the U.S. and several abroad.

The general usefulness of this lab is for each
reader to decide. Our thanks go to those professors
who tested the laboratory concept and who present
a guide for others.
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CHAPTER |

Introduction

Today, social science education is in the midst
of a severe cultural lag. Its students, responding to
the needs of our society, are interested in becoming
active participants in the solutions of our social ills.
They appear to prefer this activist role to the more
traditional one of the passive scientist who studies
the system from afar. Unfortunately, although our
educational institutions will at least begin to prepare
students for the latter, they usually do not possess
techniques for preparing them for constructive par-
ticipation in day to day affairs.

Possibly a partial explanation of this failing can
be found in the evolved structure of the educational
institutions themselves. Unfortunately, there is little
for the historian and apthropologist to use to re-
create the path of evolution through the ages. Con-
sequently, we shall be forced to hypothesize the
growth of this institution in Western Civilization.

When the number of people gathered together in
a group or clan is small, and when the technology
they have at their disposal is primitive, the society
(depending on the niggardliness of nature) is usually
forced to spend large amounts of its energy in
matters of survival per se and therefore spends little
in speculative or educational activities. The young
men or women, when time comes for them to par-
ticipate actively in the group’s survival, are ap-
prenticed to older members of their own sex
(normally in their own kinship group) to learn by
mimic the techniques they will use throughout life.
It is not until the technology improves and the
group’s number increases, that specialization in
education is able to come about.

For our convenience, let us picture this evolving
rudimentary formal educational system as being
divided into two distinct categories. The first, a
manual-technical classification which includes a
teaching of all of the skills required to support the
culture in its day to day existence. In the case of
teaching these skills it would appear that the more

routinized the skills required and the greater the
number needed to perform the operations, the more
likely it is for the task to be turned over to some
form of formal educational institution rather than
to be apprenticed to single individuals. Subsumed
under this category could be such training opera-
tions as manual trade schools, guilds, military
academies, and so forth.

A second category can be broadly classified as
philosophy. This group of studies was instituted to
cater to the needs of the ruling and wealthy classes.
Since there was little chance that the young of these
groups would ever need to perform manual labor,
they were taught how to govern and how to address
themselves to the more abstract problems of life.
Often these schools specialized in religious training
or in the arts such as music and painting.

Classes in both schools were likely to be small,
and the amount of accumulated tribal knowledge to
be passed on to the young was relatively light. The
seminar and laboratory (shop) could be widely used,
resulting in a great deal of personal attention for the
student. Further, secondary sources such as books
were scarce so that the student could not be totally
separated from everyday experience; his laboratory
had to be his world—as interpreted by his teacher,
of course. :

As educational institutions became more crowded
and as the accumulated knowledge of a society in-
creased, the schools had to search for methods of
educating its students in a more streamlined fashion.
For example, many of the frescoes on the walls and
ceilings of the 13th and 14th century buildings in
Europe were painted by a master and his students.
Such a practice is possible only if the number of
students is small and the master can see to each
in an apprentice fashion. For many decades we
attempted to maintain this concept of master-student
by separating the vast number of students seeking
knowledge into undergraduate and graduate levels.



The lower level catered to its cliente]l through mass-
produced learning situations. Only the best from this
level were allowed to be taught in a tutorial sense.

Ancillary with the overcrowding of the edu-
cational sphere has been the evolution of the
researcher. As more and more students demanded
the benefits of an education, the demands placed
on the teacher increased to provide unique tutorial
discussions of the day to day enviromment. Further,
more and more teachers discovered a continuing
demand for a few of their seminars (based on their
own experience and observations) to the end that
there was both a desire and a demand for wide-
spread distribution of their teaching. Soon, the dual
phenomena of an expanding day to day environment
and the teacher’s capability of explaining it, led to
the creation of a middleman, the researcher. The
researcher attempted to antiseptically describe and
relate a number of different environments and facets
thereof to be used by the teacher and his students in
place of first hand experience. In short, we evolved
a body of men whose specialty is the distribution of
observations of the real environment in such a fash-
ion as to provide an artificial, but rich situation for
the teacher and the student as they go about the
study of philosophy.

It appears that this trend, although seemingly
logically arrived at from a historical point of view,
has worked to the disadvantage of the modern
student. In truth, today’s graduate student is the

victim of both overcrowding of our educational
facilities and the loss of a tutorial teacher. His teach-
ers have taken the road of the researcher as the most
rewarding and have abandoned him to read their
musing rather ‘than join in the study. Although his
predecessors had the distinct advantage of practical
studies under a master, he finds himself relegated
to the role of the former undergraduate as his
numbers have grown to a point where it is im-
possible for modern educational facilities to handle
him as a unique individual. Since, as noted earlier,
our educational institutions led the student to expect
some degree of private attention and activistically
oriented research as he progresses in his education,
the lack of these mgred;ents leads to a great deal of
frustration. The solution at first blush appears quite
simple. All that is required is to reverse the evolu-
tionary tendency so that the modern student can
participate in real life problems under the tutelage
of a guiding teacher.

Unfortunately, self-cvident as such a solution
might be, we are constrained by the fact that it is
impossible for all of the vast number of students of
social science (part of modern day philosophy) to
be unleashed upon the day to day world. What is -
needed is an educational technique which will revert 5
to a more personalized education and at the same
time allow society to remain undisturbed by the
learning process, Models of the sort described here
are a step in this direction. -



CHAPTER 1i

Brief Description of the Model

In a sense, the RIVER BASIN MODEL* is a
misnomer, because if one places an emphasis on
“River” it leads one to believe that the model is
primarily concerned with water management. The
emphasis should be placed on “River Basin”, and
that term should be interpreted in its broadest con-
text as meaning a geographical area of land. Through
its two major components— human interaction and
computer simulation—the model represents the
economic, social, and governmental activity that
takes place within the geographical boundaries de-
fined by the river basin or, more simply, by a group
of contiguous counties.

The model is unlike most other simulation or
human interaction models. It was not designed to
accomplish any one specific purpose. Rather it was
designed to let its users represent the major eco-
nomic, social, and government interests that cause
a regional system to function and change. As part
of the functioning of this regional system, water
is demanded by industries and municipal water sup-
pliers and pollution is generated by manufacturing
and commercial activities, by people, and by farm
activities.

The model is a computer-assisted decision-making
tool, in which a number of computer programs
simulate major processes that take place in any
local system such as migration, housing selection,
employment, transportation, shopping patterns, the
actual allocation of leisure time, and water quality
determination. Users of the model provide inputs
to these programs on behalf of business activities in
the economic sector, government departments in the
government sector, and population groups in the
social sector.

*The previous version of the RIVER BASIN MODEL
was known as the CITY MODEL. The RBM contains all
of this model plus numerous additions. The experiments in
the schools were carried out on CITY IIl. RBM is CITY
Iv.

Normally, the users of the model are assigned
decision-making responsibility for businesses, popu-
lation units, and government departments in a gam-
ing format. This means that users become members
of teams or decision-making units that are assigned
control of: S '

e Economic Assets: cash, land, manufaétui‘ing
plants, commercial activities, and/or resi-
dences. ' '

e Social Assets: population units that are
designated as high income, middle income,
and/or low income.

e Government Assets: power of the budget,
taxing and assessing authority, service re-
sponsibility, and planning power.

The computer print-outs in a given time period
provide a detailed description of the regional area
represented by the model, and the users of the model
evaluate this status as individuals, as team members,
and collectively to define problems, establish ob-
jectives, develop strategies, implement plans, and
react to feedback from the new computer printout
for the next time period. Figure 1 shows the aggre-
gate interactions between the users and the computer
portion of the model.

THE REPRESENTED AREA (THE LOCAL
SYSTEM)

Since the RIVER BASIN MODEL is a holistic
decision-making model for a geographical area that
has been pre-loaded into the computer, the choice
of the initial regional configuration to be represented
is very important.

The model deals with any geographical area and
many of its associated economic, social, govern-
mental, and water resource characteristics. Many of
these characteristics are represented on a grid map
that measures 25 square parcels of land on a side.



Figure 1.—INTERRELATIONSHIPS IN THE MODEL
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early in the project to represent the Cuyahoga River
Basin area as one of the two initial starting con-
figurations turned over to EPA.

The Cuyahoga River Basin is located within a six
county area that also happens to be continguous
with the Cleveland and Akron Standard Metropoli-
tan Statistical Areas. To fit that six county area on
the 25 by 25 grid resulted in a choice of 2%5 miles
for the length of a parcel side for that particular
load configuration. Thus each square was equated to
6.25 square miles in area.

The length of a parcel side may be changed rather
easily when the model is loaded, but a realistic range
of lengths would be from about .1 to 4 miles and a
number of other model parameters should be simul-
taneously altered to correspond with the areal scale
change. (See Appendix for other configurations).

Figure 2 shows a map of the economic activity
represented by the model for the Cleveland-Akron
area. The area is actually called RAYWID CITY
in order not to mislead users of the model that a
full-fledged attempt had been 1nade to represent that
actual area.

The users of the RIVER BASIN MODEL are
assigned responsibility for allocating all of the major
economic, social, governmental, and water resources
for the local system (the area and its activities
represented on the grid map) on a year to year
basis. The director of the model (the person con-
ducting the run of the model) makes a number of
decisions for the major decision-makers that are
outside the local system. A number of computer
programs are also available to simulate part of the
actions between this local system and the rest of the
world.

The initial starting position will show a particular
set of allocations of the local system’s resources and
their effects on the status of the local area. The
users of the model evaluate their own particular
status within the local system as well as the status
of the area as a whole. They then interact with one
another in a dynamic decision-making environment
in which they collectively have control over the local
water quality decisions that will be made, imple-
mented, and reacted to. Some of the model users
may have apparently only marginal interest in the
local water quality issues because they are pre-
occupied with running schools, building roads, earn-
ing incomes, producing manufactured goods, build-
ing housing, and supplying local goods and services.
Others may have more interest as they attempt to
be elected into public office, run the planning de-

partment, collect taxes, recreate, and develop a gen-
erally pleasant environment for their new residential
subdivisions. Still others might have a direct and
pressing interest in the local water quantity and
quality as they attempt to set and enforce water
quality standards, supply municipal water, use sur-
face water in their production process, and benefit
from major water-based recreation areas.

In short, the entire local system (at a certain
level of detail) is represented by the model and its
users, and water decisions are placed within their
realistic context of having different importance to
different individuals as a function of their occupa-
tion, location, resources, and personal inclinations.

ACTIVITIES

The major activities represented in the model may
be divided into three major sectors (economic,
social, and governmental) and one major subsector
(the water component). Each of these sectors has
a number of activities that interact with the activities
of the other sectors.

The major economic activity is the business opera-
tion. Four broad types of businesses are represented
in the model: basic industry (manufacturing mostly)
that produces goods for export to national markets,
service industries that supply goods and services to
local system buyers, residential developers and op-
erators who make housing available to the local
population, and farming activity which often con-
sumes the majority of the land in a region.

Figure 3 shows the detailed economic activities
that fall under each of these four broad headings.
The economic assets of the local system are divided
up among economic teams for their management. In
addition to businesses, vacant land, cash, and stock
ownership may be given to teams for their use as
they see fit. Teams may be set up in such a way
that they are specialized (have only heavy industry,
only residences, only land, etc.) or diversified (a
mixture of several types of assets).

The Social Sector has one basic resource and
that is people. The local system’s population is
divided into clusters of 500 people (or some other
size if a program change is made) that are called
population units (PI’s). These PI's are further char-
acterized by an income class (high, middle, or low),
average educational level, average savings, number
of registered voters, etc. Associated with income
class are a number of specific characteristics such
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as number of workers, number of students, and
many preference functions.

Social Teams are created by giving a team de-
cision control for all the PI's of a given class on
specified parcels. A good number of the actions
taken by PI's during the course of a year in the local
system are determined by computer allocation
models, but the social teams may affect these by
making time allocation, boycott, cash transfer, and
vote decisions for the PI’s under their control.

A significant part of the RIVER BASIN MODEL
centers around how PI's function within the local
system during the course of each round of play
which represents one year of time in the local area.

FiIGURE 3-—Economic Activities in the RIVER
BASIN MODEL

Basic Industry (sells output at markets outside the local
system)
Manufacturing (roughly equivalent to the 2-digit SIC
code industries) .
FL. — Furniture and Lumber
SG — Stone, Clay, and Glass
MP — Primary Metals
MF — Fabricated Metals
NL — Nonelectrical Machinery
EL — Electrical Machinery
TE — Transportation Equipment
FO — Food
TA - Textiles, Apparel, and Leather
PA — Paper
CR — Chemical, Plastics and Rubber
Non-Manufacturing

NS — National Services (such as insurance, research,
etc.)

Local Commercial (sells output competitively to local sys-
tem demanders)
BG — Business Goods
BS - Business Services
PG — Personal Goods
PS — Personal Services

Residential (provide housing space)
RA — Single Family
RB -~ Garden Apartments (6 times the housing space
as RA housing)
RC — High-rise Apartments (25 times the housing
space as RA)

Agricultural (consume land and use varying amounts of
fertilizer)
F1 — Fruit & Nut
F2 — Vegetable
F3 — Other Field Crops
F4 — Cash Grain
FS5 — Tobacco

F6 — Cotton
F7 — Poultry
F8 — Dairy

F9 — Livestock
F10 — Ranchers
F11 — General

Figure 4 shows the actions of PI's as they are
affected by the major operating programs.

The Government Sector is comprised of decision-
makers who are responsible for a wide variety of
public activities: budget making (appropriations and
revenues), land and building assessment, education,
municipal services, transportation, planning and
zoning, and utilities. The latter activity contains
within it the water office that is responsible for the
supply of public water. The Water Quality Office
may be a part of this department or a separate
agency.

FIGURE 4—Example of How Population Units Are
Affected by the Major Operating Programs of
the Model.

Major Operating Effect on Population Unit

Programs
Migration ............. PI's move to the local system,
find and change housing within
the local system, leave the local
system.
Water System .......... Poor water quality increases dis-

satisfaction and high coliform
count increases health costs and
time lost due to illness.

Depreciation ........... Housing that depreciates be-
comes less attractive in the mi-
gration process.

Employment ........... PI's are assigned to full and part
time jobs that maximize pet in-
come (salary minus transporta-
tion costs), employers search for
best educated workers.

Transportation ......... PI's travel to work by the mode
and route that minimizes total
costs (dollar plus time), PI's
travel to shopping along the
minimum cost routes

School Allocation . ..... Students of PI's are assigned to
public or private schools based
upon the quality of public
schools.

Park Allocation ........ PI’s are assigned to parks within
a specified distance of where they
live.

Time Allocation ........ Involuntary expenditures of lei-
sure time are calculated as a
function of the success of getting
part time jobs, public adult edu-
cation and the time spent on
transportation.

.PI's are assigned to stores at
which the total costs are mini-
mized (price plus transportation
to the store).

Commercial Allocation .




WATER COMPONENT

The water component is a subsector that, in a
sense, cuts across the other three sectors or is a
part of each. For example, some of the industrial
activities in the economic sector use surface water
in their production process and all other economic
businesses have some need for municipally supplied
water. Population units in the social sector use water
as a function of their income class and the type
of housing they inhabit. In the government sector,
the Utility Department is responsible for supplying
the municipal water needs of the residents of its
jurisdiction.

Each of the surface water users requires a speci-
fied quality of water and must either treat the water
they intake or purchase water from a source outside
of the local system. Every water user adds some
pollutants to the water it returns to the water system.
If left untreated, these water discharges may lower
the quality of water of the body of water into which
they are dumped. Since water users and polluters
are located in a geographical space, activities up-
stream and downstream are affected differently by
the dynamically created water quality conditions.

THE RIVER BASIN MODEL AS A SYSTEMIC
MODEL “

The RIVER BASIN MODEL may be charac-
terized as a systemic model. That is, it is a model of
the interactive workings of the system it represents.
The RIVER BASIN MODEL is not a predictive,
projective, or normative model. It does not predict
a future state of the area represented, although it
does show the immediate status of the urban area
given all the resources of the system and the policies
attached to the use of those resources. Therefore, it
is an impact model (one year at a time) concerned
with resource allocation.

The RIVER BASIN MODEL is not a projection
model because it does not extrapolate present cir-
cumstances and relationships into the future. In
other words, the user of the model does not “turn it
on” and generate a set of future states for the area
represented. The model cycles in one year incre-

ments, and in a sense, it could be used for projection
if the user made the year to year decisions for the
urban area for a twenty or thirty year time period.
But because of the broad scope of the model and the
wide range of decisions that are based upon the
results of previous decisions in the economic, social,
and government sectors, this particular use of the
model should not be looked on as a simple task.

Furthermore, the RIVER BASIN MODEL is not
a normative or optimizing model. It will not itself
generate optimal policy decisions. The model pro-
duces a thorough set of indicators and measures of
the regional status at discrete points in time (the
end of each year) and it is up to the user of the
model to apply his own set of objective and sub-
jective criteria to evaluate the absolute or relative
quality of the environment. For example, the model
will generate measures of water quality along
stretches of the river, pollution dumped by various
activities, local water deficiencies, poor schools,
economic rates of return, housing quality, municipal
services quality, social dissatisfaction, etc. and the
user of the model must determine the values to be
placed on these measures in the process of making
policy decisions regarding the use of the regional
resources in future years.

A systemic urban model such as the RIVER
BASIN MODEL endeavors to represent the work-
ings of a regional system and its major subsystems.
This is done by selecting the major activities that
comprise the urban system (people in households,
businesses, and government agencies) and represent-
ing the actions that they pursue on a year to year
basis. Population groups reside in housing, earn
incomes, purchase goods and services, take part in
leisure activities, utilize government and institutional
services, transport themselves as they interact with
activities that are spatially separated from their
places of residence, and use water. Businesses pur-
chase goods and services, hire labor, require utilities,
produce output, sell output, pay taxes, invest earn-
ings, use the transportation subsystem, use water,
and generate pollutants that may be treated. Govern-
ment agencies receive funds, purchase necessary
goods and service, hire labor, provide service, and
set policy. Most of the departments compete with
the water quality office for a slice of the local budget.



CHAPTER 1l

Uses and Users of the Model

Broadly speaking, there are two types of users of
the model when it is employed using a gaming for-
mat: the director and the players.

In each use of the model the director sets the
major purpose for which the model will be em-
ployed. Usually the specific group of players he has
in mind will determine his choice of the executive
options, such as the starting regional configuration
and any initial inputs to modify this basic configura-
tion.

As shown in Figure 5, the director may affect the
simulated region before play begins by selecting the
basic configuration and making changes in it. He
may also affect the year to year outside influences on
the local system by, among other things, acting as
the Federal and State governments with regard to
granting aid and imposing regulations. For example,
the director could act as an outside government that
imposes rigid water quality standards. He could
also act as a higher-level government that grants
financial aid for the construction of waste treatment
facilities, for comprehensive water resource plan-
ning, for enforcement and monitoring, etc. The fol-
lowing list is a sample of the executive options
available to a director.

Choice of Initial Configuration: TWO CITY or
RAYWID CITY

Initial Decisions:

o Change Economic Team Holdings—many
possibilities.

e Change Social Team Holdings—many possi-
bilities.

e Change Government Service Levels—give
schools and/or municipal services higher or
lower use indexes.

e Change Local Tax Structures—many possi-
bilities.

e Change Salaries, Prices and/or Rents.

o Change Maintenance Levels.

To achieve:

@ More or less team specialization or more or

less equitable starting positions among
teams. '

® Create more or less neighborhood and/or
single-class control.

e Make neighborhood attractiveness vary by
altering the quality of public services.

e Shift to or away from dependence upon
property, sales, and/or income taxes.

e Alter rates of return to economic sector or
savings for social sector.

e Make area as a whole or parts of it more or
less deteriorated.

USING THE MODEL

The RIVER BASIN MODEL is a tool that has
utility which is dependent upon the quantity and
quality of data loaded into its files, the executive
options employed by the director, and the technique
used to evaluate the city status and generate inputs
to the model. These three types of inputs to the
model are illustrated in Figure 5.

Users will use the tool in a way that they find
best suits their purposes. It is a flexible model that
will take on different forms in the hands of different
users. The RIVER BASIN MODEL provides a
framework that is common for all regional decision-
makers (much as a chemistry lab and the associated
chemistry theory provide users of the lab with equal
access to the facilities and accumulated knowledge).
It allows the decision-maker to use this framework
and the computer programs associated with it to
achieve a wide range of objectives (much as the
chemist may use the lab for instructional, research
or production purposes).

Although the RIVER BASIN MODEL as pres-
ently developed will not satisfy every need of the
decision-maker, it does allow him the opportunity to
deal with a large number of regional phenomena
which up to now he has not been able to deal with
in a simulated and collapsed-time environment.



Figure 5.—ILLUSTRATIONS OF INITIAL AND CONTINUAL INPUTS
TO THE RIVER BASIN MODEL

.

DESIGNATION OF INITIAL
CITY STATUSo

INPUTS '

REAL CITY HYPOTHETICAL
DATA CiTY DATA

SELECTION OF

EXECUTIVE OPTIONSo INPUTS l

MODULES PARAMETERS
USED USED

TECHNIQUE FOR
EVALUATION OF CITY STATUS:

INPUTS '

MAN- GAME
SIMULATION MACHINE FORMAT
T
CITY STATUS:
ECONOMIC SOCIAL GOVERNMENTAL

WATER SYSTEM

A

RIVER BASIN MODEL
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Users of the model are given control over all the
resources of the local area being represented. Some
of the local activities use the water subsystem while
others do not. As a result of this, the water quantity
and quality is of varying importance to the various
activities represented by the model.

The RIVER BASIN MODEL is oriented toward
user requirements such as generality of representa-
tion, flexibility of change, ease of inputs, and read-
ability of output. The model provides, among other
things, detail on the repercussions of various water
quantity and quality levels and on the effects of
water resource decisions on people and business
activities. It also illustrates the impact of other de-
cisions on the water subsystem itself,

A wide range of decisions and their consequences
may be illustrated by the model. For example, in
the economic sector the impacts of pollution regula-
tion decisions may be shown. In the social sector,
the effect on housing selection, employment, shop-
ping, and leisure activities are influenced by water
resource policies. The impacts of many government
decisions may be shown: comprehensive planning
programs, quality of life improvements, and many
more.

The users of the model may make a wide range
of private and public policy decisions which affect
the water subsystem and others. The detailed and
summary computer output reveals the interactions
of these decisions and the collective impact they
have on the environmental quality of the represented
area. Since each cycle of the model represents the
passage of a year of time in the area being repre-
sented, the model may be run for as many cycles as
the users find desirable.

MODEL FEATURES

User interaction in the RIVER BASIN MODEL:

® Requires fewer model assumptions on the

part of the designer than most previous
models because the users provide much of
the nonquantifiable relationships and inputs
to the represented system.

e Allows realistic human interaction and re-
action.

e Allows political repercussions associated
with water resource decisions, reversal of
POHCY, etc.

e Allows human involvement in the decision
process.

The RIVER BASIN MODEL deals with:

e External Inputs—area characteristics, in-
cluding the present water subsystem and
quality levels.

e Internal Inputs—wide range of water re-
source, economic, social, and government
decisions.

o Internal Outputs—changes in the resources
of the individual decision-makers.

o External Outputs—changes in the area char-
acteristics, allocations, assignments, match-
ing of supply and demand, insufficiency of
government services, and complete status of
the water subsystem.

The RIVER BASIN MODEL is useful to citizens
as well as planners because the model output is
designed in such a way that it is comprehensive,
easy to understand, and quick to retrieve. Thus,
regardless of the sophistication of the user, the model
will provide the necessary level of information upon
which evaluations can be made and decisions can
be generated.

The cycles of the model (each set of computer
output) represent one year in the life of the area
represented by the model. Users provide the evalua-
tion of the current status of the area (in its eco-
nomic, social, governmental, spatial, and water
quantity and quality dimensions). Through a wide
range of decision alternatives, they are able to de-
vise strategies and implement policies. in an attempt
to achieve any set of goals or objectives they devise,
as individuals or collectively.

These decision inputs may be generated in a
simulation environment (in which a single user or
group of users such as water resource planners are
given control over all the resources of the local
system) or in a game environment (in which in-
dividual users such as local officials, students and/or
citizens are given control over various resources in
the local system).

The RIVER BASIN MODEL has been designed
in a modular fashion, so that new modules may be
added or existing ones replaced or modified at mini-
mal expense. This modularity means that it is rela-
tively easy to:

e Redefine the model (change parameters and
coefficients).

e Load various regions.

This modular feature of the RIVER BASIN
MODEL allows it to be truly evolutionary, thus
making it a framework that can continually be
improved and modified for specific uses.

)
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CHAPTER IV

Model Output

The model describes and interrelates many of
the actual economic, social, and governmental activi-
ties that comprise regional areas. The metropolitan
area represented by the model is described by three
types of computer output: maps, tabular statistics,
and indicators.

MAPS

The maps show the spatial characteristics of the
represented area. The tabular output shows general
information of interest to the users of the model as
well as specific data concerning businesses in the
economic sector, groups of people in the social sec-
tor, and government departments in the government
sector. The indicators are measures such as the
economic rate of return, the social dissatisfaction
level, the quality of local government services, and
water quality indicators.

Of the dozens of maps, the Economic Status Map

(Figure 6) stands out as the one of single most
importance. Any represented area may be defined

by spatially locating land use activities, the highway
network and the water system in any desired pattern
on the grid map. Although this map does not show
the local water system, there are a number of maps
that do.

All physical objects (industries, stores, housing,
schools, government facilities, roads, rivers, and
treatment plants) are located in a specified section
of the regional area. Most facilities are located on
parcels of land (identified by two even coordinate
numbers). Roads are located (conceptually) along
the boundaries (sides) of the square land parcels
(identified by an even-odd or odd-even number).
A road on the map actually represents all the major
and minor roads that connect an origin and a desti-
nation at each end of the transportation link. Trans-
portation terminals are located at the corners of
parcels (identified by two odd-numbered co-
ordinates).

Other local system phenomena are also spatially
located. Population units are housed in residences
on parcels, service districts and farms are defined in
terms of contiguous parcels of land. Figure 7 is a list
of the map output separated into ten categories.

12
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FIGURE 7—Map Output Generated for Each Cycle of Operation

Map Category Map Number Map Name
Commercial 10.1 Personal Goods Allocation Map
10.2 Bersonal Services Allocation Map
103 Business Commercial Allocation Map
Government 104 Municipal Service
Service 10.5 School Map
10.6 Utility Map
Water System 10.7 Water Usage Map
10.8 Water Quality Map
10.9 Municipal Treatment
10.10 Municipal Intake and Qutflow Point Map
10.11 Surface Water Map
10.12 Farm Runoff Map
10.13 River Basin Flood Plain Map
Farms 10.14 Farm Map
Property Values 10.15 Farm Assessed and Market Value Map
10.16 Market Value Map
10.17 Assessed Value Map
Land Use and 10.18 Economic Status Map
Regulations 10.19 Highway Map
10.20 Planning and Zoning Map
Parks 10.21 Parkland Usage Map
Social 10.22 Socio-Economic Distribution Map
Characteristics 10.23 Demographic Map
10.24 Social Decision-Maker Map
Physical 10.25 Topographical Restriction Map
Characteristics
Government 10.26 Government Status Map
Facilities

TABULAR COMPUTER OUTPUT

The economic, social, and government teams re-
ceive computer output that describes the details of
the resources over which they have decision-making
power. In addition to this team-specific information,
general and summary statistics describing the repre-
sented area are available as common information to
all teams. A list of all the tabular output is shown in
Figure 8.

To provide examples of the tabular output, the
following descriptions of migration and the water
system are provided.

Migration

The basic population grouping in the model is the
population unit (P1). A Pl is designated as being a
member of a socio-economic class (H, M, or L).

PI’s move into, within, and out of the local system
in response to available employment opportunities,
housing quantity and quality, and a number of other
factors. Figure 9 shows a sample of the summary
migration statistics for an area and a portion of the
detailed statistics.

The Migration-Housing computer routine cal-
culates dissatisfaction (environmental and personal);
develops a pool of movers comprised of the popula-
tion displaced by housing demolition, a percent of
the most dissatisfied, a percent of the total popula-
tion (random movers), natural population growth,
and the in-migrants; and moves the members of this
pool into housing that has adequate capacity and
quality.

A certain percentage of each income class that
are either unemployed or underemployed outmigrate
from the local system. Other movers who cannot
find adequate local housing also become outmi-
grants,

Referring to Figure 9, the PI’s living in the resi-
dences (or considering to live in the residences) on
parcel 9422 see a health index of 50 (the higher the
index the worse the situation). The time indexes are
calculated only for the income classes actually living
on the parcel. For example, on parcel 9422 there
were PM groups living there and because of the
distance and mode used to travel to work, 25 units
of dissatisfaction were added to the personal index.
Another 59 units were added to the index because
of the amount of leisure time that was spent in in-
voluntary pursuits.
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FIGURE 8——Tabular Output

Code Number

Output Category . Output Name
Migration 1.1 sBnvironmental Indexes
12 Personal Indexes
1.3 Dissatisfaction Cutoffs
14 Migration Detail
1.5 Migration Statistics
1.6 Migration Summary
Water System 2.1 Water User Effluent Content
2.2 River Quality During Surface Water Process
2.3 Water User Costs and Consumption
24 Coliform and Pollution Index Values
Employment 3.1 Employment Selection Information for PL Class
32 Employment Selection Information for PM Class
33 Employment Selection Information for PH Class
34 Part-Time Work Allocation for PH Class
35 Part-Time Work Allocation for PM Class
3.6 Part-Time Work Allocation for PL Class
. 3.7 Employment Summary
Commercial 4.1 Personal Goods Allocation Summary
Allocation 4.2 Personal Services Allocation Summary
43 Business Goods Allocation Summary
44 Business Services Allocation Summary
4.5 Government Contracts
4.6 Terminal Demand and Supply Table
Social 4.7 Terminal Allocation Map
S°§‘t 5.1 Dollar Value of Time
ector 52 Social! Decision-Maker Output
. 53 Social Boycotts
momc 6.1 Farm Output
T 6.2 Residence Output
6.3 Basic Industry Output
64 Commercial Output
6.5 Economic Boycott Status
6.6 New Construction Table
6.7 Land Summary
6.8 Loan Statement
Social and 6.9 Financial Summary
ocia’ an . 7.1 Number of Levels of Economic Activity
Economic Summaries Controlled by Teams
72 Employment Centers
73 Economic Control Summary for Teams
7.4 Social Control Summary for Teams
7.3 Social Control Summary Totals
;g Economic Graphs for Teams
. . Social Graphs for Teams
Government Detail 8.1 Assessment Report
82 Water Department Reports
8.3 Sampling Station Report: Point Source Quality
84 Sampling Station Report: Ambient Quality
8.5 Utility Department Report
8.6 Utility Department Finances
8.7 Municipal Services Department Report
8.8 Municipal Services Department Finances
3.9 Municipal Services Department Construction Table
8.10 Planning and Zoning Department Report
8.11 School Department Report
8.12 School Department Finances
8.13 School Department Construction Table
8.14 Highway Department Finances
8.15 Highway Department Construction Table
8.16 Rail Company Report
8.17 Bus Company Report
8.18 Chairman Department Finances
8.19 Tax Summary
. 8.20 Financial Summary
Summary Statistics 2.1 Demographic and Economic Statistics
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LI 11222 L 1)

TUOCITY
PERSONAL INDEXES FIGURE % rOUND 2
(2111323
HERALTH INODEX
CROWDING BACTERIA TEANSP, I8VOL. PERSONAL
LOCATION NS EPFECT  EPPECT EPFECT cLass TIN RECR.  TINE ISDEX
‘9422 25 25 0 50 MIDDLE 25 [ 59 134
9622 25 0 [} 25 Low 28 0 76 126
9822 25 [ 0 25 LOW 65 0 68 158
10022 25 [ 0 25 Low 105 0 60 190+
[EI 2T E ] *
THOCITY
BSVIRONNENTAL INDEXES ROUSD 2
BEIGEBORHOOD INDEX
POLLUTION RESIDENCE WELFARE ENVIROKMENTAL
LOCATION INDRX CLASS QUALITY RENT HS SCHOOL OR TAXES TOTAL INDBX
9422 -7 Low 19 0 100 0 12 131 124
NIDDLE 39 0 100 0 24 163 156
HIGH 49 6 100 [ 24 173 166
9622 -15 Low 40 0 100 [ 16 160 15
MIDDLE 64 0 100 [ 18 182 167
HIGH 74 o 100 1 18 192 177
- e
THOCT?
MIGBATION DETAIL ROUND 2
SOCIAL  NUMBER
DECISION  OF QUALITY OF  HOMBER FRON/TO REASON FOR
PARCEL OWNER TYPE  MAKER B1'S  CLASS LIFE MOVED PARCBL HOVING BAPLOYER
9422 G BA 1 ] 1 L0% [ 1 CAME FRON 10030 DISPLACENENT 9828
c 1 MIDDLE 290 1 WENT TO 10826 DISPLACENENT 9626
9622 D EA1 D 2 Low 2711
9822 ¢ BA 2 D 4  LoW 286 1 CANE PRON 100284 9630

MIGRATION BI TIPE

SIGRATION DUE TO UBENPLOYNENT

LO¥ CLASS
PROB/T0 JOR-1 JUR-2 JUR-3 OUTSIDE
JOR-1 0 0 0 0

JUR-2 [ 0 0 ]
JUR~3 0 0 0 0
OUTSIDE 0 0 ] [

MIGRATION DUE TO UNDEREMPLOYEENT
LO® C

PROB/TO JUB-1 JUR-2 JUR-3 OUTSIDE
JUR-1 [} 0 0 0

JUR~-2 0 ] [ 0
JOR-3 [} ¢ 9 0
OUTSIDE 0 [ 0 [
BIGRATION DUE TO MOBILITY
LO¥ CLASS

FROA/TO JUR-1 JUR-2 JUB-3 OUTSIDE
Joe-1 0 ] 0 0
JUa-2 0 0 [ 0
Joar-3 0 0 0 0
OUTSIDE 0 o 0 L]

HIGRATIOS DOE TO PRBRSONAL DISSAZT.

Lo¥ CLAsSS
FRON/TO JUB-1 JUR~2 JUB~-3 OUTSIDE
JOUR-1 0 0 0 0
JOR-2 0 15 0 6
JUR=-3 0 0 0 0
OUTSIDE 0 0 0 0

NIGHATION DUR TO DISPLACBAENT
Low

LASS
FROR/TQ JUR-1 JUB-2 JUB-3 QUISIDE
JUR-1 0 0 [} 0

Jur-2 1 L) 0 0
JoUR-3 0 0 0 0
OUTSIDE 0 o ¢ 0

BIGRATIOR DUE TO BATURAL GROWTR
LO¥ CLASS
TROB/TO JUR-1 JUR-2 JUR;S OQUTSIDE
0 0

JOR=-1 ¢
JUR-2 0 0 0 0
JOR-3 0 0 4 0
OUTSIDE 0 2 [ 0
HIGRATION DUE TO IN-BIGRATION

LO® CLASS
PBON/T0 JUR-1 JUR-2 JUR-3 OUTSIDE
JUR-1 0 0 ] [

JuR-2 0 0 0 0
JUR~13 0 [4 [ 0
oUTSIDE 2 " [ 32

MIDDLE cLASS
FROM/TC JUR-1 JUR-2 JUR-3 OUTSIDE
0 0

Jur-1 [} 0

JuR-2 0 0 0

JuR-3 0 0 0 0

OUTSIDE O 0 [ 0
NIDDLE CLASS

FROM/TO JUR-1 JOR-2 JOR-3 OUTSIDE

JoR-1 0 0 [ 3

Jug-2 2

20B-3 0 0 Q [

OUTSIDE ¢ 0 0 0
HIDDLE CLASS

FEON/TO JUR-1 JUR-2 JUR-3 OUTSIDE

JuR-1 3 0 0

JUR-2 1 0 0

JUR~3 0 0 [ 0

OUTSIDE 0 0 [ ]
NIDDLE CLASS

PRON/TO JUR-1 JUR-2 JUR~3 OUTSIDE

JuB-1 [3 6 0 0

JUR-2 0

JuR-3 [ 0 0 0

OUTSIDE 0 0 0 0
NIDDLE CLASS _

ZROM/T0 JUR-1 JUR-2 JUB-3 QUTSIDE

Jug-1 [] 5 0 0

JUR-2 0 3 [ 0

JUR-3 0 0 0 0

o0TSIDE O 0 0 0
NIDDLE CLASS

FROR/T0 JUR-1 JUR~2 JUR-3 OUTSIDE

JUR-1 [] [} [

JUR~-2 0 0 0 ]

JUR-3 0 1 0 0

ouUrsIDE 2 1 [ 0
MIDDLE CLASS

YROM/TO JUR-1 JUR-2 JUR-3 OUTSIDE

Jua-1 [ [] (] [

JuR-2 0 ] ]

JUR-3 0 0 0 0

oursipr 2 [] ] °
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DISPLACBAENT

BIGE CLASS
PEON/TO JUR-1 JOB-2 JUR-3 OUTSIDE
Jug-1 0

° ] 0
JUR-2 0 0 0
JUR-3 0 0 0 0
OUTSIDE 0 0 [ 0
HIGE CLASS
FRON/TO JUR-1 JUR-2 JUR-3 OUTSIDE
JuR-1 [ 0 [ 2
JOR-2 0 0 0 1
Ju-3 0 e [ [
OUTSIDE 0 [ 0 0
HIGH CLASS
PROM/TO JUR-1 JUR-2 JUR-3 OUTSIDE
JuR=1 2 1 0 0
Jog-2 8 0 [
JuR-3 0 0 [ 0
OUTSIDE O 0 0 °
HIGH CLASS
FROS/TO JUR-1 JUB-2 JUR-3 OUTSIDE
JoR-1 19 1 [ 0
JuB-2 0 [ 0
JUR-3 0 [ 0 0
oUTSIDE 0 ¢ [ 0
HIGH CLASS
PRON/TO JUR-1 JUR-2 JUR-3 QUTSIDE
Jug-1 [ 3 ° °
3082 1 0
JuR-3 ] 0 0 0
OUTSIDE O [ 0 [
HIGH CLASS
PRON/TO JUR-1 JUR-2 JUB-3 OUTSIDE
Jog-1 [] 0 [ 0
JUR-2 [ [ 0 [}
JUR-3 0 0 [ 0
OUTSIDE O 3 [ 0
) BIGH CLASS
FROM/TO JUR-1 JUR-2 JUR-3 OUTSIDE
JUR~-1 ] 0 0 [
JuR-2 0 [ 0 0
Jop-3 0 0 [} [}
oUTSIDE 2 0 [ 0



Note that there are six items that comprise the

environmental index and their contributions to that - -
. in the social sector are the per capita personal
. incomes and the quality of life indexes. Major
~ government indicators are the service use indexes

index are listed in the output. The number of popula-
tion units that move to and from each residential
parcel and their reasons for moving are also shown
in the output.

The purpose of showing Figure 9 is not to explain
how the migration process works but to illustrate
that the full results of the process are illustrated on
tabular computer output that can be of great as-
sistance to the users of the model in their decision-
making.

The Water System

Figure 10 shows some tabular computer output
for a local system river (River 2). This output
shows the location of each segment of the river, the
quality rating and major pollutant, the time period
in the water’s passage through a parcel, the amount
of each of the seven pollutant types, and the volume
of the water.

Once again, it is not important that the reader
fully understand this information at this time. It is
illustrated here only for the purpose of showing the
type of tabular computer output generated each
round as part of the model operation.*

INDICATORS

The model output is also expressed in some in-
stances by indicators. Major indicators in the eco-

*Information of this type is presented in great detail in
the fourteen manuals which accompany the model computer
program.

17

nomic sector are net worth for teams and rates of
return on individual investments. Major indicators

for schools, parks, and municipal services and con-
gestion of highways. Major indicators in the local
water system are the water quality ratings.

Figure 11 shows the average quality of life index
for the population units (by class) controlled by a
social team. Figure 12 shows the Water 