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A human urban-rural ccosystem has been modcled numerically and run on
the National Center for Atmaspheric Rescarch CDC 6600 computer system. A

decision-makin,

cxecutive routine coordinates the interactions between five submodcls,
T A -

These second level subroutines ¢

odel, a hydrology

i a pl m
modcl, a city modcl. a biology, and a botany modcl. The present paper will give a
bricf description of the scheme and show specifically the manner in which the people
in the city move in response to air pollution.

The devclopment of this model was be-
gun both for tcaching and for rescarch pur-
poses. Pedagogically, it is important to rc-
latc both the atmosphere and the atmos-
pheric scientist to the ccosystem of which
they are a part. As the scientist comes in-
creasingly closc to being capable of cffect-
ing significant modifications to thc atmos-
phere, it is vital that he have some mcchan-
ism through which to makc an objective
asscssment of the longterm  conscquences
of his tinkering. The rescarch involves the
development of such a mechanism through
the usc of computers which can analyze the
obscrvations obtaincd from carcfullv dec-
signed ficld cxperiments.

In the first attempt by the University of
Oklahoma mctcorology group to make such
a computer model (1), a simplc rain-grass-
grasshopper ecosystem served to whet the
appctites of both students and research
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Ficuaz 1. An urban runal ecosystem. The total
< shown is 256 miles square.

workers. Since that time, seminars and con-
tact with other groups in the ficld have led
to the more comprchensive model presented
in this report. While the new madel is ad-
mittedly still naive, it contains the floxi-
bility and logistics nccessary to permit its
growth into a uscful diagnostic tool.

SCOPE OF THE MODEL

Figurc 1 shows thc main characteristics
and physical dimensions of the system which
has been simulated. Man plays two roles:
firstly, as a porttion of the zoology and, scc-
ondly, as a manipulator of the cntire system.
The manipulator can control the way the
resources arc allocated to the scveral com-
poncats with which man is zoologically a
compctitor. He must compctc for air, water,
food, and space. If hc takes for his own
narrow usc an improper quantity of any of
these, he will destroy himsclf.

Since much is to be Icared from the study
of a closcd system, our first work is being
donc with such 2 constraint. We have de-
signed our program to permit an cventual
flux through the boundary of the whole
spectrum of components. Clearly, both the
sca and air cannot be constrained to such
a small closed system.

The timc scale which occupics our in-
terest in initial stages is that of a quarter
century. This will permit us to have the
city build to about two million r:oplc and
to have rcalistically scrious droughts, floods,
and air and watcr pollution problems. Dis-
cascs can be developed in man over this
time scale and genctic responscs of various
components of the zoological and botanical

- Proc. Okla. Acad. Sci. 50: 145-150 (1970)
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subsystems can be studied as man invents
and uses new pesticides, fertilizers, and medi-
cines.

Emphasis has been placed on the pro-
vision for adaptibility of the various sub-
systems at the present time. The input of

the weather patterns which have been intrc -
duced through the urban activities of ma:..
Such changes fced back cffects to their i
stigators through, for example, the increace
in disease incidence at the city center cu-
couraged by the lower humidity found in
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Ficure 2. The sub of the model.
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real data will follow in a succeeding phasc.
COMPONENTS

Reference to Figure 2 will show the man-
ner in which thc model has partitioned the
ccosystem components.

Atmospheric subsystem

Our modcl is stochastic with known de-
terministic cycles, such as the aunual and
diumal, incorporated where neccssary to al-
low for realistic trends. Variables which have
been provided for at this time are wind
speed, wind direction, temperature, humid-
ity, radiation, rain, and air pollution. With
this set, we are able to show perturbations in
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that location. Rain clearly interfaces with the
hvdrology subsystem and also temperature
and wind affcct the cvaporation. Radiation,
rain, and temperature affect the botany sub-
system, and anomalics in any of the atmos-
pheric variables affect the growth charac
teristics and dispositions of the zoological
compongents.

Hydrology subsystem

Here the variables are runoff, evaporatic 1.
soil moisture, lake level, river flow, irris v
tion, and water pollution. The supply f
watcr for consumption by crops, anima s,
and people provides the regular interactic



with these subsystems. In cases of drought,
the water level sinks, competition for it in-
creases, and water pollution increases as the
usual amount of pollutants are distributed
through less water. As a consequence, either
the diseasc rate goes up or the wealth of
the community goes down as morc money is
used for purification of the water. Flooding
has related cffects on the ecosystem.

Urban subsystem
Our current effort in this subsection has
concerned population dynamics on a simpli-

147

man. Figures 3 and 4 illustrate the scheme,
Our city is divided, in this example, into
four suburbs. Each suburb is assigned a set
of five attributes as initial conditions: health,
cducation, wealth, age, and racc. Each at-
tribute is subdivided into twenty classes and
a log is kept of the number of people in cach
class at a given time. The suburb is divided
into city blocks and the number of people
in cach city block is recorded.

To provide for movement of city bound-
aries, suburb boundaries, and individuals,
the first two werc moved in response to the

M o MOBILITY (e.g. WEALTH)
1) TOO SMALL: NO MOVE
2) MEOIUM: STAY IN SUBURB
3) LARGE: CHANCE TO LEAVE SUBURB

SUBURE 3

ORIENTATION OF ELLIPSE: TOWARD BETTER
LIVING CONDITIONS

STATISTICAL MAN

AIR POLLUTION

SUBURB 5

SUBURB 7

FACTORY

)

HEALTH EDUCATION WEALTH AGE RACE

Frcure 3. City suburbs, pollution and the statistical man. The heavy dot in suburb § shows the
location of a person and the surrounding dotted ellipse represents his “intclligence.”

fied level. We wish to consider both indi-
viduals and groups of individuals. However,
when keeping track of two million individ-
aals, cach of which is defined by means of a
‘ew characteristics, one runs into program-
‘ning problems. Our solution has been to de-
‘inc a city, its suburbs, and a “statistical”

latter. The individual must have a reason,
an ability, and a manner in which to move.
One reason to move could bc to reach
cleaner air, Figure 3 shows the gradient of
pollution in suburb 5 which could tend to
drive an individual in the north-eastern sec-
tion of the suburb toward the east. Ability
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FFriciae 4. Detail of suburh boundany adjustments. Solid lines in frequency distribution are initial
wealth, Dashed lines represent wealth after a period of cvolution. Numbers in detail show  population

density per block after cvolution.

to move can be corrclated to the wealth of
an individual. Once sclected an individual
is assigned wealth drawn at random from the
current wealth distribution of his suburb,
If this wealth lics below a certain value, we
do not ctfect any movement and go to the
next man. Should the sclected wealth be
greater than this minimum, but less than
another higher critical value, the man can
only move within his suburb.

1lis manncr of moving is stochastic. One
focus of an cllipse is placed over his posi-
tion with the major axis oricnted from pol-
luted air toward clean air. The ellipticity
can be adjusted, for cxample, by the assigned
waalth. To allow for individuality, the ¢l
lipse is madc to represent an cquiprobable
linc of passible destinations. Movement is
govemed by these constraints through the
sclection of a random number.
* If the wealth assigned lies above the high-

cr critical value, the person may move from
his suburb. If this occurs, thc individua
takes a complcte set of attributes with him.
His wcalth is alrcady assigned, so he draws
onc cach of the other attributcs in a fashion
which is random, but pcrmits constrained
intcrrclationships between attributes. Thus
it can be scen that an undesirable suburh
will become poorer and a desirable one will
become richer with time. This is indicated
by the wealth distribution curves shown in
suburb 3 and suburb 5 of Figurc 4.

Middlc income people tend to concer
trate along the boundaries of the suburb.
This lcads to a population density gradic it
across the boundary and finally to the motc
ment of the boundary to relicve this 7o ¢
of stress. Details of such a stress zone @ ¢
shown in Figurc 4. City boundarics move »
a similar manncr.

Many variables, such as the variation 0



population growth from suburb to suburb,
have not been discussed here. A complete
description will be published later.

Zoology subsystem

This subsystemn permits the introduction
of the food chain and provides compctition
for physical rcsources. These clements af-
fect the health characteristics of the people.
We distinguish between man, cattle, fish,
rabbits, birds, insccts, and microorganisms
because they serve different purposes and
represent different time scales when inter-
acting with the rest of the ccosystem. Fish
may concentrate water pollutants and bring
them back to man. Birds can distributc var-
ious physical quantitics (somc toxic) in a
manncr not open to the other life forms.
Rabbits can bc pests (compctitors) with
respect to some crops and, in this casc, man
becomes a predator. Cattle consumce crops
but providc mcat and dairy products (toxic
on occasion) for people. Clearly, a carcfully
balanced zoology is not vet attained, but the
flexibility to do this cxists in the model.

Botany subsystem

The varicty of crops at this stage com-
priscs grass, whcat, alfalfa, orchards, and
truck gardens. This not only provides food
for the animal population, but also cnablcs
us to introducc pesticides and to effcct
cvapotranspiration and competition  for
spacc and water. Food supplics are seasonal
and arc subject to the random influence of
floods and droughts.

Executive routine

Man, the manipulator, influences the cvo-
lution of the ccosystem through the cxccu-
tive routinc. Figure 2 shows a rectangle la-
belled “control paramcters” situated as an
mterface between the five subsystems de-
»cribed above and the decision-making cxec-
itive program. Initial conditions which var-
ous subsystems usc as their point of dcpar-
ure arc to be found among thesc control
nrameters. Each time onc of the five sub-
vstems is called upon to re-cvaluate and yj
ate its ficld of variablcs, it begins by look-
1g at thc current status of its control para-
1eters.
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At rcgular intervals, the executive routinc
looks over the status of the ccosvstem and
dctermines whether sufficient deviation from
normal has occurred to require changes in
control paramcters.

Thus, the cvolutionary path of the eco-
svstem can be influenced by adjusting ele-
ments in the strategy-cost matrices of the
decision-making cxecutive routinc.

Three simple cxamples of this kind of in-
fluence are shown in Figure 5. The health-
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Ficure 5. Examples of decision making by the
oxceutive Toutine.

pollution and water usage decisions are self-
cxplanatory. The harvesting cxample con-
tains dollar values invented solely to illus-
tratc the procedure. Here, the costs of the
three actions (cutting all the hay, cutting
onc-fourth of the crop, or leaving the crop)
under these weather conditions arc a func-
tion of the time of year and maturity of the
crop. The samc probability forccast at two
diffcrent times scparated by ninc time steps
will result in different actions in the botany
subroutine. Since the wcather variables
change in a stochastic fashion, there is no
a priori way to know exactly how and when
the harvesting will take place. All we insurc
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is that it will be donc in an optimum man-
ner according to the cost functions we have

imposcd.
FUTURE DEVELOPMENT

The featurc occupying our attention in
the immediate futurc is the design of a hal-
anced system which will nun for a quarter
of a century withont producing a plaguc of
rabbits, a barren landscape, or herds of
4,000 pound cattle. Once this has been ac-
complished and we have cxamined several
qase historics, small variations will be in-
troduced into cach of the processes to test
the stability of the maodel.

T'he sceond step will involve the introduc-
tion of realistic perturbations in some cco-
logically relevant variables. ‘These perturba-
tions will include droughts, floods, air pol-
lution, water pollution, rain making, and
land pollution.

‘The third step will concern an attempt to
alleviate disaster problems by importing and
cxporting matcrial through  boundarics  of
the system.

While these problems are being explored,
we shall begin collecting and  introducing

rcal data into the modcl. At first, we shall
usc the data which has been published and
modify our subroutines according to idcas
currently held by workers in the appropri-
ate ficlds. Later the model will be used to
decide where more precise information is
needed.

This modcldirected scheme will invelve
the deploviug of ficld cquipment in a man-
ner which will produce information  criti-
cal to the better definition of the ccosystem.
‘I'he uscs to which such a modcl can be put
arc manifold. Clearly, onc of the main uscs
will be to cnable people to consider possible
long-term ccological conscquences of present
actions. We shall publish more along these
lines as our modcel evolves and produces real-
istic results.
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