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A WORLD DYNAMICS MODEL~ 

INTRODUCTORY EXERCISE 

CHAPTER I 

Introduction 

This memorandum describes a simple dynamic model inter-relating 

population, capital investment, pollution, natural resources, and 

food production. The intent is not to present a final or useable 

model of human population in the world ecology. Instead the intent 

is to show that world aggregate variables can be inter-re,lated and 

to provide an incentive for going beyond the present simple model to 

a serious consideration of the major variables in contemporary world 

evolution. 

This memorandum has the further purpose of exhibiting the de­

tailed steps and mistakes in starting a dynamic model formulation. 

Customarily t ·he literature reports only final results and perfected 

theories. The student reader is often left with the impression that 

the perfected and polished final result emerged in the first effort. 

Some of the scientific literature of the 1800's is especially inter­

esting and revealing, even today, because it is more a journal and 

diary of an avenue of investigation and less a presentation of final 

results. The nature of blind alleys, the reasons for taking wrong 

approaches, and the methods of finding one's way back to a productive 

investigation can be helpful to the beginner. This document is set 

down hoping that it will serve a useful educational purpose for the 

serious beginner in modeling the dynamic behavior of social systems. 

Copyright© 1970 

Jay W. Forrester 
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This model of world-wide aggregate inter-actions developed out of 

a meeting of the Club of Rome which was held in Bern, Switzerland on 

June 29 and 30, 1970. The Club of Rome is a private group of some 50 

men representing many countries who have joined together to seek ways 

of influencing the modern course of human affairs. The members are 

private citizens not in governmental decision making positions. Their 

orientation is activist, that is, they wish to do more than study 

and understand. They wish to clarify the course of human events in 

a way that can be transmitted to world governments and populations 

and can have an influence on the problems of rising population, in­

creasing pollution, great~r crowding, and growing social strife. 

The Club of Rome had, at the time of the Bern meeting, estab­

lished a project at the Battelle Institute in Geneva, Switzerland for 

the purpose of · selecting a methodology to deal with the dynamics o.E 

complex systems. The Bern meeting was organized primarily to review 

the status of that project. In the meeting, everyone acknowledged that 

they did not yet have a suitable methodology which would deal with the 

broad sweep of human affairs and the ways in which major elements of 

the world ecology interact with each other. Furthermore, the princi­

pal financing for the project was being delayed until a suitable meth­

odology could be identified. 

At that point I suggested to the group that we believe the "Indus­

trial Dynamics" approach developed at the M.I.T. Sloan School of Manage­

ment since 1956 is the methodology for which they are searching. We 

have been applying this approach to social systems first in the context 

of corporate management and more recently in a broadening circle of ap­

plications ranging from internal medicine to the life cycle of cities. 

I invited the Executive Corrrrnittee of the Club of Rome to visit us at 

M. I. T. for two weeks to learn what we are doing, and to judge for them­

selves the applicability of · our approach to social systems. After a 

two hour lecture and discussion of our work, the Executive Corrrrnittee and 

several other members accepted the invitation with plans to be at M. I. T. 

from July 20-31, 1970. In the intervening two weeks during the first part 

of July we organized a program for the discussion of methodology and the 

presentation of social dynamics programs in which we are now engaged. 

l 
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It has been our feeling that one does not gain an adequate apprecia­

tion of our feedback system structuring and computer simulation approach 

unless he actively participates in the process. During the last several 

years we have conducted a two-week special stmnner session program in 

Industrial Dynamics and have made afternoon workshop sessions a part 

of that experience. The participants in the stmnner session programs 

have developed a simple model of a 2-loop connnodity market and have ex­

amined the dynamics of commodity behavior. this has been an effective 

teaching tool. However, it did not seem close enough to the interests 

of the Club of Rome members to be the best vehicle for the proposed 

conference. 

This memorandum describes a model of world behavior which was de­

veloped during the two weeks between the meetings in Bern and at M.I.T. 

The first step consisted of about 1 hour on the airplane from Paris back 

to Boston which resulted in the general flow diagram Figure 1-1 suggest­

ing the principal system levels and some of the interconnections between 

them. It involved population with birth and death rates, capital invest­

ment with generation and discard, natural resources and their depletion, 

pollution with its generation and absorption, and the fraction of capi-

tal investment devoted to food production. This sketch was done on July 1. 

I returned to the subject on Saturday, July 4 and that day worked 

through the full formulation of the Worldl Model to the point of generat­

ing the first complete flow diagram, a complete and operable set of equa­

tions, the drafting of the table functions, and obtaining the first two 

computer runs to be described later. 

In the following week the Worldl Model was investigated and ideas 

generated for its improvement. On Saturday, July 11 this model was evolved 

into the WorldlA version, then into WorldlB, and finally into the World2 

Model, which is the form being frozen as the starting point of the work­

shop sessions for the Club of Rome Conference on July 20-31. It is expec­

ted that the workshop groups will start with the World2 version and ex­

plore the process of system restructuring, system extension, and investiga­

tion of how the parameters and policies affect system behavior. 
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A principal objective of this exercise is the conversion from 

a verbal and conceptual description of a system to a formal simu­

lation model. At this stage and for the purposes of this exercise, 

defence of the individual assumptions is considered secondary. In­

dividual relationships will be selected within the plausible range. 

Verification and refinement of the assumptions is left until after 

we see how the system behaves ~nd after we have examined the sensi­

tivity of the system to the various preliminary assumptions. 

The objective of this simplified system is to examine possible 

inter-relationships between population, capital investment, natural 

resources, pollution, and food. The principal concepts are de­

scribed in the following paragraphs. 

Population will be increased by a birth rate which rises with 

the material standard of living, declines at high levels of pollu­

tion, declines with a shortage of food, and is reduced by a high de­

gree of crowding. 

Population will be decreased by a death rate which rises when 

the material standard of living falls, rises with increased pollu­

tion, rises when there is a food shortage, and rises when crowding 

is increased. 

Capital investment will be increased at a rate proportional to 

population and will depend on the degree of industrialization as rep­

resented by the material standard of living. 

Capital investment will be decreased by the discard of capital 

goods due to wear-out and deterioration. 

Natural resources, meaning the expendable type which are not re­

generated, will be represented by an initial pool from which a useage 

rate draws. The useage rate will increase with population and with 

the material standard of living. 

Pollution will represent the total pollution load existing in the 

environment. This will be caused to increase in proportion to pop­

ulation and as a function of the amount of capital investment. 

Pollution will be absorbed and dissipated in accordance with a 

time constant of decay which itself depends on the amount of pollu­

tion in the environment. 

Food production will decrease with crowding to represent the 

6 
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land remaining available for food production, decrease with rising 

pollution, and increase with the capital investment allocated to agri­

culture. 

Another system level, capital investment in agriculture, will 

represent the fraction of capital investment allocated to agricul­

ture and this will depend on per capita food generation in the sys­

tem. 

On the basis of the preceding general description of the system, 

the following chapter develops the detailed individual system equa­

tions. 
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CHAPTER 2 

THE DEVELOPMENT OF THE PRELIMINARY WORLDl MODEL 

The following notes were dictated on Saturday, July 4 while the 

first model was being constructed. They have been re-edited for clar­

ity and for the introduction of some additional explanatory material, 

but the substance of the original dictation has been retained. This 

means that formulation errors as originally made are still in the text 

although parenthetical indications of later changes have usually been 

inserted. 

The reader should refer to the flow diagram Figure 2-1 while read­

ing the following text. The first stage was to make the full flow dia­

gram as shown (without the equations 42 and 43 -- these latter two equa­

tions were added after the Worldl version). The flow diagram was drawn 

and the nomenclature established before the equations were written and 

before the following dictation. The dictation was made at the time of 

writing the equations and sketching the table functions. 

Equation 1 is the simple level equation for population which is in­

creased by birth rate and diminished by death rate. 

P.K=P.J+(DT)(BR.JK-DR.JK) 

P=PI 

Pl =1. 65E9 

P - POPULATION (PEOPLE) 
l3R - BIHTH RATE (PEOPLE/YEAR) 
DR - DEATH RATE (PEOPLE/YEAR) 
P I - PO PU LAT I ON, I N I T I AL ( PE OP LE ) 

1, L 

1. 1, N 

1. 2, C 

The initial value for population corresponds approximately to the 

year 1900. For Equation 1 on population I am taking a population of 

1.65 billion people in 1900 from the article by Peccei in the magazine 

"Successo" of June 1970. 
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ln p:ic k i n g val u e s ror nonnaJ b irth and dea lh n,it.es we w:111 u i-;e f·i~­

ures that represent a 2% per year annual population growth ra t e. This 

figure comes from Peccei's book Chasm Ahead published by MacMillan on 

page 164. If we pick as reasonable, but without searching for justifi­

cation data, a l ife expectancy of 40 years for the world as a whole, we 

get a value of DRN of .025. The birth rate normal BRN should then be 

2% higher or .d45. 

Al l the refer ences to normal conditions will be estimated as near­

ly as possible to correspond to the year 1970. 

Equa tion 2 is wr i tten on the basis of a birth rate which is given 

normally as the population multiplied by the birth rate normal BRN and 

then this number is modified by four multipliers representing food , ma­

t erial standard o f living, cr owding, and pollut ion. 

BR.KL=(P.K)(BRN)(BRFM.K)(BRMM.K)(BRC~.K)(BRPM.K) 

BRtJ=.045 

!3R 
p 
BRN 
URH1 

BRMM 

BRCM 

8RPM 

- l31 RTH RATE (PEOPLE/YEAR) 
- POPULATION (PEOPLE) 
- [31 RTH RATE NORMAL (FRACTION/YEAR) 
- l3 I RTH-RATE-FROM-f-OOD MULTIPLIER 

(DIMENSIONLESS) 
- BIRTH-RATE-FROM-MATERIAL MULTIPLIER 

(DIMENSIONLESS) 
- DIRTH-RATE-FROM-CROWDING MULTIPLIER 

(DIMENSIONLESS) 
- BIRTH-RATE-FROM-POLLUTION MULTIPLIER 

(DI MENS I OfJLESS) 

2, R 

2. 1, C 

Equation 3 describes the effect of the materi~l standard of living 

MsL on the birth rate. Here the model represents the material standard 

of living of the world as a whole. However, we recognize as in these­

lection of all tables and coefficients, that the standard of living is 

not uniformly distributed. We have before us a wide dispersion over 

the face of the wor ld in all of the concepts represented in this model. 

We can use what has happened in the industrialized nations as an indi­

cation of what could eventually happen if all of the world's populat i on 

should change to conditions represented by those nations which have 

experienced the greatest technological change. In Equation 2 the ma-
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terial standard of living includes, because it is less appropriately as­

sumed in the other multipliers, all such considerations as shelter, 

medical service, use of energy and material goods. 

3, A BRMM.k=TABLE(BRMMT,MSL.K•aRMS,0,15,2.5) 

BRMMT=.7/1.5/2.1/2.2/1.8/1.1/.8/ 

BRMS=l 

3. 1, T 

3. 2, C 

tH~MM - l3 I RTH-RATE-FROM-f.·1ATER I AL MULTI PL i ER 
(DI MENS I OtJLESS) 

f3RMMT - £31 RTH-RATE-FROM-MATER I AL-t.-\UL TI PL I ER TABLE 
MSL - MATERIAL STANDARD OF LIVlfU, (DIMENSIONLESS) 
r3RMS - BIRTH-RATE-FROM-t·1ATERIAL SENSITIVITY 

(DI MEtJS I OtJL ESS) 
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The table BRMMT in Equation 3.1 is shaped here to show a rising 

birth rate as the material standard of living increases but with the 

birth rate declining again at the higher levels of material standard of 

living (changed in WORLD2). This seems to be what has happened in the 

countries with a more advanced technology. I will try to adjust initial 

conditions to make this multiplier approximately urtity at the beginning 

point in 1900. (In WORLD2 it becomes unity in 1970) In other words, 

the material standard of living for the world as a whole at that time 

would be about 10% of that in the Western technologically advanced coun­

tries at the present time. A value of MSL=l is asstnned to represent a 

typical value for Western Europe and North America in 1970. (In WORLD2 

MSL is made consistent with the remainder of the model and unity repre­

sents the world-wide average.) 

In Equation 4 the material standard of living MSL is taken to de-

pend on the effective-capital-investment ratio ECIR which is not required 

in agriculture. The units are in terms of average world-wide conditions 

in 1970. The coefficient MSLN is inserted to allow alteration of the in­

fluence of MSL. MSL is increased or decreased by the multiplier ECIR 

which represents the effective-capital-investment ratio (capital units/per-

son). 

MSL.K=(MSLN)(ECIR.K) 

MSLN=l 

MS L - r~ATER I AL STANDARD OF LIV I r~G (DI MENS I ONL ESS) 
MSUJ - MATERIAL STANDARD OF LIVIUG NORMAL (CAPITAL 

UNITS/PERSON) 
ECIR - EFFECTIVE-CAPITAL-INVESTMENT RATIO (CAPITAL 

UNITS/PERSON) 

4,A 

4. 1, C 

Equation 5 gives the effective-capital-investment ratio ECIR which 

is available for non-food growing purposes. It starts with the total 

capital-investment ratio CIR and multiplies by the capital-investment­

in-agriculture fraction CIAF. The result is then multiplied by the 

natural-resource-extraction multiplier NREM which is used to represent 

the effect of depletion of natural resources. As resources are deplet­

ed, more and more capital investment is required for any given output. 



• EC I R. K = (CI R. t:) ( 1-C I AF. K) ( N REM. K) 

ECIR - EFFECTIVE-CAPITAL-INVESTMCfH RATIO (CAPITAL 
UNITS/PERSON) 

CIR - CAPITAL-INVESTMENT RATIO (CAPITAL UNITS/ 
PERSON) 

CI AF - CAPITAL- lf~VESTMEfJT-1 N-/\GR I ClJL TURE FRACi I ON 
(DIMEN$ IOfJLESS) 

NREM - NATURAL-RESOURCE-EXTRACTION MULTIPLIER 
CD I MENS I Ot~LESS) 

12 

5, A 

The natural-resource-extraction multiplier NREM in Equation 6 rep­

resents the difficulty of using natural resources as they become de­

pleted. For the purposes of this model, natural resources can be con­

sidered those which are stored in the earth and can be depleted, where­

as, we can let the food multiplier stand not only for food but for all 

other natural resources which are grown and regenerated by natural con­

tinuing processes. In other words, wood might be considered part of the 

natural resources which are included with the concept of food and, on 

the other hand, metals and stored fossil fuels would be in the natural 

resources in NR. The natural resources are subject to depletion and 

their cost of extraction increases as they become scarce. The natural­

resource-extraction multiplier NREM drops to zero when natural resources 

drop to zero. 
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NREM.K=TAl3LE04-REMT,fJRFR.K,O, 1, .25) 

NREMT=0/.15/.5/.85/1 

NREM - NATURAL-RESOURCE-EXTRACTION MULTIPLIER 
( D It~ ENS I Of J L F. S S ) 

NREMT - NATURAL-RESOURCE-EXTRACTION-MULTIPLIER 
TABLE 

NRFR NATURAL-RESOURCE FRACTION REMAINING 
(DIMENSIONLESS) 

13 

G,A 

G. 1, T 

We will assume that essentially all natural resources remain in 1900. 

In other words, depletion has only started at the beginning of the simu­

lation run. Equation 7 is the natural-resource fraction remaining NRFR in 

terms of the actual natural resources divided by the initial value. 

NRFR.K=NR.K/NRI 

NRFR - NATURAL-RESOURCE FRACTION REMAINlfJG 
(DIMENSIONLESS) 

rm - NATURAL RESOURCES {NATURAL RESOURCE UNITS) 
rml - NATURAL RESOURCES, INITIAL (NATURAL 

RESOURCE UNITS) 

7, A 

Equation 8 is the level equation for natural resources starting with 

an initial value and depleting this according to the useage rate. The 

unit of natural resources will be taken as the amount used per capita per 

year by the world population in 1970. The world population for 1970 from 

Peccei is 3.6 billion and we will assume that the natural resource use-

age rate is such that this useage would deplete natural resources in another 

250 years. From this an initial value of natural resources can be com­

puted as 3.6 billion people times 1 natural resource unit per person per 

year times 250 years. The result is 900 billion units. 

NR.K=NR.J+(Dt)(-NRUR.JK) 

NR=NRI 

NRl=900E9 

NR - NATURAL RESOURCES (NATURAL RESOURCE UNITS) 
NRUR - NATURAL-RESOURCE-USA~E RATE (NATURAL 

RESOURCE UNITS/YEAR) 
NRI - NATURAL RESOURCES, INITIAL (NATURAL 

RESOURCE UNITS) 

8, L 

8. 1, N 

8. 2, C 



The natural-resource-usage rate NRUR in Equation 9 is proport i onal 

to population multiplied by the natural-resource usage normal NRUN and 

multiplied again by the material standard of living MSL. (In WORLD2 

a table function here will control the relation between MSL and NRUR). 

The natural-resource usage normal NRUN is taken as unity representing 

the world-wide average consumption usage rate in 1970 for which the 

material standard of living MSL would have a value of 1. 

NRUR.KL=(P.K)(NRUN)(MSL.K) 

NRUN=l 

9,R 

9. 1, e 

NRUR - NATURAL-RESOURCE-USAGE RATE (NATURAL 
RESOURCE UNITS/YEAR) 

P - POPULAtlOtJ (PEOPLE) 
N R lHJ - NATURAL - R [SOUR C E US AG E NO Rr l AL ( fJ AT U RA L 

RESOURCE UNITS/PERSON/YEAR) 
MSL - MATERIAL !;TANDARD OF LIVlfJG (Dlt'IENSIONLESS) 

14 

Equation 10 for death rate DR has the same structure as birth rate. 
! 

Death rate normal DRN is taken as .025 per year and this value is modu-

lated by multipliers representing the material standard of living, pol­

lution, food, and crowding. 

DR. KL= ( P. K) (DR N) ( D RMM. i(} (DR PM. K) (DR FM. K) (DR CM. K) 

DRN=.025 

DR 
p 

DRtJ 
URMM 

DRPM 

ORFf-1 

DRCM 

- DEATH RATE ( PEOPLE/YEAf~) 
- POPULATION (PEOPLE) 
- DEATH RATE NORMAL (FRACTION/YEAR) 
- DEATH-RATE-FROM-MATERIAL t1ULTIPLIER 

(DI MENS I orJLESS) 
- DEATII-RATE-FROM-POLLUTIOH MULTIPLIER 

(DI f'1EHS I ONLESS) 
DEATH-RATE-FROM-FOOD MULTIPLIER 

(DIMENSIONLESS) 
- DEATH-RATE-FROl-1-CRmJDING MULTIPLIER 

(DI MENS I orJ-LESS) 

10., R 

10.1,C 

The-death-rate-from-material multiplier DRMM in Equation 11 is 

centered around the 1-1 point representing present average world .conditions. 

This is for a normal life expectancy of about 40 years. _ With a zero ma-
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terial standard of living we here assume that the death rate will double. 

On the other hand no increase in the material standard of living can do 

more than cut the death rate in half. 

DRMM. K=TAIJHL(DRMMT ,MSL. K*DRr~s, 0, 5,. 5) 

DRMMT=2/l.4/1/.8/.7/.6/.53/.5/.5/.5/.S 

DRMS=l 

11,A 

11. 1, T 

11. 2, C 

J 11 

\ 

\ , 

z ·~ 
I 

0 

- DEATH-RATE-FROM-MATER I AL t-1UL TI PLIER 
(DI MENS I OtJLESS) 

D~MM 

DRMMT 
r.1s L 
ORMS 

- DEATH-RATE-FROM-MATER I AL-tlUL TI PL I ER TABLE 
- MATERIAL STANDARD OF LIVlrJG (DIMENSIONLESS) 
- DE:ATH-RATE-FROM-MATEl11AL SErJSITIVITY 

(DI MENS IOtJLESS) 

I 
1 

\ I D 
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Equation 12 for the death-rate-from-pollution multiplier DRPM is con­

structed around a situation where present 1970 world pollution is taken 

as a unity density and where we assume that this is just beginning to have 

a significant effect on death rate. Higher densities of pollution will 

relatively rapidly increase death rate while lower values have very lit­

tle effect. 

DRPM.K=TABLE(DRPMT,POLR.K,0,6,1) 

DRPMT=1/l.l/l.3/1.6/2.2/3.4/6 

DRPM - DEATH-RATE-FROf-1-POLLUTION MULTIPLIER 
I (DIMENSIOfJLESS) 

DRPMT - DEATH-RATE-FROM-POLLUTION-MULTIPLIER TABLE 
POLR - POLLUTION 'RATIO (DIMENSIONLESS) 

I I 
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12,A 
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Equation 13 gives the effect of food availability on death rate. 

Here a food ratio FR of 1 is taken as the 1970 world condition. As the 

food ratio decreases, the death-rate-from-food muitiplier DRFM increases 

rapidly. On the other hand as the food ratio increases the death-rate­

from-food multiplier will fall only slowly and here is taken as .7 of 

the normal world value. In other words, the assumption is that at the 

present time the world is on the verge of a rapidly rising death rate 

should the food level fall much from the present average. On the other 

hand increased food by itself probably can not do more than increase life 

e~pectancy by about 50%. 

DRFM. l(=TABIIL(DRFMT, FR. K, 0, 2,. 25) 

DRFMT=30/2.4/1.5/l.2/l/.9/.8/.73/.7 

DRFM - DEATH-RATE-FROM-FOOD MULTIPLIER 
(DI MENS IOtJLESS) 

DRFMT - DEATH-RATE-:-FROM-FOOD-l-1UL TI PL I ER TAl3LE 
FR - FOOD RATIO (DIMENSIONLESS) 
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In Equation 14 the death-rate-from-crowding multiplier DRCM can be 

taken as representing the effects of disease, psychological trauma, war, 

and any effects traceable to crowding in its own right and not related 

to food or pollution. We take here very little effect from the crowding 

multiplier up to the present population density of the earth. Up to the 

present density there has been a strong tendency to spread over the 

face of the earth with rising population so that average densities 

have not reached a critical point. However, if we should imagine 

the present world population rising by another factor of 5 we might 

expect the social strife to substantially raise the death rate. 

We here take a death-rate-from-crowding multiplier of 3 to accompany 

a population 5 times that now existing. 

DR CM • J~ =TA 8 LE { DR CM T , CR • K, 0, S, 1) 

DRCMT=l/1.1/1.3/1.6/2.1/3 

DRCM - DEATH-RATE-FROM-CRm~o I rm MULTI PL I ER 
{DIMENSIONLESS) 

DRCMT - DEATH-RATE-FROM-CROWDING-MULTIPLIC:R TABLE 
CR - CROWDING RATIO (DIMENSIONLESS) 

lz De 'Cl 17 
l:.l-,a V1 I 
[7 

2 
/ __ ,... 
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Equation 15 calculates the crowding ratio CR. A ratio of ·1 is 

the present crowding of population on the world land area. Using a 

world land area of 135 million square kilometers (taken from the world 

almanac) and the present 3.6 billion people from the Successo ar­

ticle by Peccei we find that the present average population density 

on the earth is 265 people per square kilometer. (This is an error. 

The proper value of 26. 5 is inserted in model WRLDlA) ·Equation 15 

combines these to give a crowding ratio in terms of present world 

conditions. 

CR.K=(P.K)/(LA•PDN) 

LA=l35E6 

PDN=26 5 

CR - CROWDING RATIO (DIMENSIONLESS) 
P - POPULATION (PEOPLE) 
LA - LAND AREA (SQUARE KILOMETERS) 
PON - POPULATION DENSITY NORMAL (PEOPLE/SQUARE 

KILOMETER) 

15,A 

15. 1, C 

15. 2, C 

Equation 16 is the birth-rate-from-crowding multiplier BRCM and 

shows a fall in the birth rate as world crowding increases. However, 

. not a very strong dependency is being assumed here with the birth 

rate falling to .65 of its normal value when the world population ri­

ses to 5 times its present value. 

I r-=,;:;,..:._ - r---- .__ 

0 I 

---r--- -- -

t__ ~ ----~ .... --~ ·-
·- --

-
h ~ -C, v; .' 

E /( 
,, I q, 2.!.~ -- --,I/ 

2 
CR 
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Blrth-rate-from-crowd·tng multiplier 
vs. crowding ratio 



• 
BRCM.K=TADLE(BRCMT,CR.K,0,5,1) 

BRCMT=l/.95/.8/.7/.65/.65 

i3RCM - l31RTH-RATE-FROM-CR0\1D1NG MULTIPLIER 
CD I MENS I ON LESS) 

l3RCMT - BIRTH-RATE-FROM-CROWD I fJG-MUL TI PL I ER TAl3 LE 
CR - CROWDING RATIO (DIMENSIONLESS) 

20 

lG, A 

16. l, T 

Equation 17 describes the birth-rate-from-food multiplier BRFM. 

At zero food per capita the effect wou1d naturally be to suppress 

birth rate and extinguish the population. Because the model is built 

around 1970 as the reference point for definitions, a food ratio of 1 

represents present world conditions and produces a birth-rate-from-
1 

food multiplier of 1. It is suggested that an unlimited food supply, 

for example double the present world level, would tend to increase 

the birth rate substantially and this increase is here taken as a 

factor of 3. (The shape of this function is changed in W0RLD2) 

BRFM.K=TADL~(BRFMT,FR.K,0,2,.5) 

BRFMT=0/.4/1/1.8/3 

BRFM - BIRTH-RATE-FROM-FOOD MULTIPLIER 
(DIMENSIONLESS) 

BRFMT - BIRTH-RATE-FROM-FOOD-MULTIPLIER TABLE 
FR - FOOD RATIO (DIMENSIONLESS) 

J 
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Birth-rate-from-food multiplier 
vs. food ratio 
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The birth-rate-from-pollution multiplier BRPM in Equation 18 rep­

resents the effect of pollution directly on the birth rate. The ta­

ble suggests that the effect has been very slight up to the present 

levels of pollution but will become progressively greater as world 

pollution rises to 6 times its pr~sent level. Unity pollution level 

is here defined as the 1970 world level. (This table is revised in 

WORLD2) 

8RPM. K=TABLE(BRPMT, POLR. K, 0, 6, 1) 

[3 R Pt1T = 1 / • 9 8 /. 9 5 /. 9 / • 8 /. 6 5 / .. 5 

I 

65 

0 
a 

8RPM - BIRTH-RATE-FROM-POLLUTION MULTIPLIER 
(DI MENS IOtJLESS) 

l3RPt1T - 131 RTH-RATE-FROM-POLLUTION-MULTI PLIER TAr3LE 
POLR - POLLUTION RATIO (OIMENSIOfJLESS) 

l"B R p M 7 
E ':Y. I , ?. I 

J 2- 3 'I 
POL f( 

Birth-rate-from-pollution multiplier 
vs. pollution ratio 

The food ratio in Equation 19 is stated in terms of 1970 con­

ditions. It increases if the food potential from capital invest­

ment FPCI increases, it decreases as the food-crowding multiplier 

FCM increases, and it decreases as the food-from-pollution multi­

plier FPM increases. 

. 

18,A 

18.1, T 

6 

. 



• 
FR. K = ( F PC I • K) ( F CM. K) ( F PM. K) 

FR 
FPC I 

FCM 
FPM 

- FOOD RATIO (DIMENSIONLESS) 
- FOOD POTENTIAL FROM CAPITAL INVESTMENT 

(D IMENS I OtJLESS) 
- FOOD-CROWD I NG MULTIPLIER (DI MENS I ONL ESS) 
- FOOD-FROM-POLLUTION MULTIPLIER 

(DIMENSIONLESS) 

The food-from-crowding multiplier FCM in Equation 20 repre-

sents the effect of earth occupancy on the ability to grow food. 

22 

19, A 

A crowding ratio CR of 1 represents 1970 conditions. The table 

suggests that we are in a steep portion of the curve. The best agri­

cultural areas have already been occupied. A smaller population would 

allow much more efficient agricultural output. As crowding continues, 

not only will land be occupied by people and taken away from agricul­

ture but also the -best quality of land is apt to be occupied by ur­

banization leaving only less suitable land for agriculture. Possib­

ly the curve should drop even more steeply than shown here. 

FCM.K=TABLE(FCMT,CR.K,0,5,1) 

FCMT=2.4/l/.6/.4/.3/.2 

3 

2. 

I 

0 

FCM 
FCMT 
CR 

\ 

0 

- FOOD-CROWDING MULTIPLIER (DIMENSIONLESS) 
FOOD-CROWDING-MULTIPLIER TABLE 

\ 

CROWDING RATIO (DIMENSIONLESS) 

I 

I 
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· CR 
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Food-from-crowding multiplier 
vs. crowding rati o 
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Equation 21 gives the food potential from capital investment 

FPCI as it depends on capital investment ratio in agriculture CIRA. 

The table FPCIT suggests that the effect of capital investment per 

capita decreases with rising capital investment. The 1970 conditions 

are taken as unity on each axis. The initial value of .5 implies that, 

even with a zero capital investment, fodd production is still possible 

in the form of harvesting natural products (This relationship may 

not be steep enough). However, a reasonable average standard of liv­

ing would be possible only if the population falls to allow the in­

creasing productivity of better food producing land to compensate 

for the falling capital ratio. 

F PC I • I(= TA [3 L E ( F PC I T , C I HA • K , 0 , 6 , 1 ) 

FPCIT=.5/l/1.4/1.7/1.9/2.05/2.2 

FPCI - FOOD POTENTIAL FROM CAPITAL INVESTMENT 
(DIMENSIONLESS) 

FPCIT - FOOD-POTENTIAL-FROM-CAPITAL-INVESTMENT 
TABLE 

CIRA - CAPITAL INVESTMENT RATIO IN AGRICULTURE 
(CAPITAL UNITS/PERSON) 

FPC/7 

' 

21, A 

21. 1, T 
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Food potential from capit al inve s t ment 
vs. capital Investmen t rat i o in agriculture 
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Equation 22 establishes the capital investment ratio in agricul­

ture CIRA in terms of the capital-investment ratio CIR and the capi"". 

tal-investment-in-agriculture fraction CIAF. 

CIRA.K=(CIR.K)(CIAF.K) 

CIRA - CAPITAL INVESTMENT RATIO IN AGRICULTURE 
(CAPITAL UNITS/PERSOH) 

CIR - CAPITAL-lNVESTMENT RATIO (CAPITAL UNITS/ 
PERSOfJ) 

CI AF - CAP I TAL-1 NVESTMtNi-1 N-AGH I CULTURE F RACT I OfJ 
(D IMENS I OtJLESS) 

22,A 

Equation 23 gives the capital investment ratio CIR in terms of 

1970 world values. In other words, if CIR is unity, the capital in­

vestment per person is equal to the average world-wide value at the 

present time. Capital investment is therefore measured in units rep­

resenting the present per-person amount. 

CIR.K=CI.K/P.K 2 3, A 

CIR - CAPITAL-INVESTMENT RATIO (CAPITAL UNITS/ 
PERSON} 

Cl - CAPITAL INVESTMENT (CAPITAL UNITS} 
P - POPULATION (PEOPLE) 

Equation 24 accumulates the total world-wide capital investment. 

The initial value taken for the year 1900 is set at 0.25 as much as 

the initial population at that time. In other words, the capital 

p.er person in 1900 is being assumed O. 25 as great as it is in the 

world today. This number could be checked for plausibility. No 

information is at hand at the moment. 

CI.K=CI.J+(DT)(CIG.JK-CID.JK) 

CI =CI I 

Cll=.4E9 

Cl - CAPITAL INVESTMENT (CAPITAL UNITS) 
CIG - CAPITAL-INVESTMENT GENERATION (CAPITAL 

UNITS/YEAR) 
CID - CAPITAL-INVESTMENT DISCARD (CAPITAL UNIT5/ 

YEAR) 
Cl I - CAPITAL INVESTMENT, INITIAL (CAPITAL UNITS) 

24, L 

2 4. 1, N 

24.2,C 
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Equation 25 for capital-investment generation CIG is stated 

in terms of the total population and the capital investment per cap­

ita CIPC. 

C I G. I~ L = ( P. K) ( C I PC. I~) ( C I G C) 

CIGC=l 

CIG 

p 

CIPC 

CIGC 

- CAPITAL-I NVES TMENT GENERATION (CAPITAL 
UNITS/YEAR) 

- POPULATION (PEOPLE) 
- CAPITAL lfJVESTMEfH PER CAPITA (CAPITAL 

UNITS/PERSON/YEAR) 
- · CAP I TAL-1 rJVESTMENT-GENERAT I OrJ COEFFICIENT 

(DIMENSIONLESS) 

Equation 26 gives the capital investment per capita CIPC in 

terms of the material standard of living MSL. The theory here is 

that part of the material standard of living can be diverted to 

capital accumulation. If food requires the utilization of all cap­

ital equipment and there is none left to raise the physical stan­

dard of living there is little likelihood of capital accumulation. 

25,R 

2 5. 1, C 

To estimate appropriate values we again refer to the 1970 condition 

of the world. The existing capital investment has been stated in 

terms of 1 unit per person. If we assume that investment deteri­

orates over a period of 40 years and if we assume that capital in­

vestment today is being accumulated at twice the rate of deteriora­

tion, we would have a value of capital-investment discard normal CIDN 

in Equation 27 of .025 and the value of capital-investment per capi­

ta CIPC would need to be .05. This would suggest that capital in­

vestment per capita is doubling each 40 years. These figures and 

assumptions should be checked when possible. The tabie for Equation 

26 suggests that as the material standard of living increases the 

rate of capital formation can increase even more rapidly. As hu-

man physical needs are met a larger and larger fraction of produc-

tion can go into capital formation. (This relation is changed in 

WORLD2) 



• CIPC.K=TADLE(CIPCT,MSL.K,0,5,1) 

CIPCT=.02/.05/.15/.30/.50/.75 

CIPC - CAPITAL INVESTMENT PEn CAPITA (CAPITAL 
UN I TS/PERSOfJ/YEAR} 

CI PCT - CAP I TAL-1 NVESTMErJT-PER-CAf'> I TA TAB LE 

26 

2G,A 

26. 1, T 

t1SL - MATERIAL STANDARD OF LIVlf~G CDIMENSIOrJLE~S) 
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Capital investMent per capita 
vs. material standarrl of livin~ 

Equation 27 represents capital investment discard CID on the as­

sumption of a 40 year life. 

CID.KL=(CI .K)(CIDfJ) 

CIDfJ=.025 

CID - CAPITAL-INVESTMENT DISCARD (CAPITAL UNITS/ 
YEAR) 

Cl - CAPITAL INVESTMENT (CAPITAL UNITS) 
CI DN - CAP I TAL-1 NVESTt,1ENT DI SCA RO rJORt.1AL 

( FRACT I OfUYEAR) 

2 7, R 

2 7. 1, C 
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Equation 28 generates the food-from-pollution multiplier FPM. 

It suggests that very little pollution effect has yet been felt at 

a pollution ratio of unity which corresponds to 1970. conditions. On 

the other hand, if pollution increases several fold,food production 

is progressively and seriously affected. The figure asserts that if 

world-wide pollution were to rise to 6 times the present value, 

food production could be cut by a factor of 10. This may be too 

extreme but depends on the extent to which cumulative effects may 

occur within the environment as a result of growing pollution. 

(The relationship is m~de less extreme in WORLD2) 

28,A FPM.K=TABLE(FPMT,POLR.K,0,6,1) 

FPMT=l/.95/.8/.6/.4/.25/.15 2 8. 1, T 

- FOOD-FROM-POLLUTION MULTIPLIER 
(DI MENS IOfJLESS) 

FPM 

FPMT 
POLR 

- FOOD-FROM-POLLUTION-MULTIPLIER TABLE . 
- PO LL UT I ON RAT I O ( 0 I MENS I Or J L ES S ) 
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The pollution ratio POLR in Equation' 29 gives the ratio of the 

total pollution in the world to a pollution standard POLS . . The pol­

lution standard POLS is in terms of per capita units in 1970. In 

other words, 1 unit of POLS for each person in 1970, multiplied by 

the 1970 world population, is the ~otal pollution in the world en­

vironment. the value of POLS is taken as equal to the 1970 world 

population. 

POLR.K=POL.K/POLS 

PO LS= 3. 6E9 

29,A 

POLR 
POL 
POLS 

- POLLUTIOfJ RATIO (DIMENSIOfJLESS) 
- PO LLUT I otJ (POLLUTION UfJI TS) 
- POLLUTION STANDARD (POLLUTION UNITS) 

Equation 30 is the level equation for total pollution. Its 

initial value for the year 1900 is taken as .2 billion. Population 

at that time was taken as 1.65 billion. The initial pollution is 

therefore 1/8 as much per capita as in 1970. 

POL.K=POL~J+(DT)(POLG.JK~POLA.JK) 

POL=POLI 

POL I=. 2 E9 

POL 
POLG 
POLA 
POLI 

- POLLUTION (POLLUTIOf~ UNITS) 
- POLLUTION GENERATION (POLLUTION utnTS/YEAR) 
- POLLUTIOfJ AUSORPTION (POLLUTION UfJITS/YEAR) 
- POLLUTIOfJ, INITIAL (POLLUTION UNITS) 

2 9. 1, C 

30,L 

30. 1, n 

30.2,C 

The pollution generation POLG in Equation 31 is given as the 

population P times the pollution normal POLN per capita times a 

multiplier derived from the capital investment ratio CIR. To ar­

rive at a value of POLN we must consider how large the pollution 

reservoir is in terms of pollution-duration time. It appears that 

such pollutants as smoke may be dissipated by the environment in a 

matter of days. On the other hand, many pollutants such as insec­

ticides and industrial wastes and the pollution in lakes may persist 

for years. We will use a pollution clean-up time-constant of 1 year 



• as representing pr esent day conditions . If POLCM is unity , then 

the value o f POLN shoul d also be unity to produce equal inflow and 

outflow rates at the pollution r eser voir under 1970 conditions. 

PO LG • l(L = ( P. K ) ( PO UJ) ( PO L CM • K ) 

POLN=l 

POLG - POL LUT l otJ GE t.JERAT I ON (POLLUTIO N UfJITS/YEA R) 
P - POPULATION (P EOPLE) 
POUJ - POLLUTIOfJ NORMAL (POLLUTJOrJ UNITS/f>ERSOtl/ 

YEAR) 
PO LCM - POLLUT_I ON-FROM-CAPITAL MULTIPLIER 

( 0 H1ENS I Of~LF:SS) 

29 

31., R 

3 L 1, C 

The pollution- from-capita l multiplier POI.CM in Equation 32 rep- · 

resents the influence of capital equipment on the creation of pol­

lution. As the capital investment per capita of population rises, 

the per capita generation of pollution rises extremely steeply. We 

take here a per capita pollution generation in the absence of any 

capital equipment as being .05 of the nonnal 1970 value. By the time 

per capita capital investment has risen to 3 times the 1970 value we 

are assu~ing that pollution generation rises 6 times. (This is 
.changed in WORLD2) 

POLCM.K=TABLE(POI.CMT,CIR.K,0,5,1) 32,A 

POLet.lT=. 05/1/3/6/10/15 32 .1, T 

POLCM - POLLUTIOr.J-FROM-CAPITAL MULTIPLIER 
(DI MENS I orJLESS) 

POLCMT- POLLUTIOrJ-r-ROM-CAPITAL-MULTI PLIER TAGLE 
CIR - CAPITAL-INVESTMENT RATIO (CAPITAL Ur!ITS/ 

PERSOU) 
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The pollution-absorption POLA in Equation 33 will operate from 

a variable time constant POI.AT which depends on the pollution ratio 

PR. The assumption· here is that; as the environment becomes more 

and more.heavily loaded with pollution, it will become less able to 

cope with additional pollution and the time-constant of clean-up 

will grow longer. Equation 33 represents the pollution-absorption 

or clean-up rate. 

POLA.KL=POL.K/POLAT.K 

POLA - POLLUTION ABSORPTION (POLLUTION UNITS/YEAR) 
POL - POLLUTION (POLLUTION UNITS) 
PO LAT - POLLUT I or~-ABSORPT I ON TIME {YEARS) 

33,R 
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Equation 34 gives the pollution-absorption time POI.AT as a 

function of the pollution ratio POLR. There probably is little 

data on this relationship and I have no good information. The ta­

ble assumes that, when the pollution ratio rises by a factor of 6 

from 1970 conditions, the pollution-absorption time will rise from 

one year to ten years. This is based on the assumption that there 

will be corresponding ecological damage which will slow down the 

normal pollution-absorption processes. Furthermore, as the pol-
1 

lution rate rises it is probable that the pollution products will 

be of kinds which disappear more slowly. (This table is made less 

sensitive in WORLD2) 

Pollution-absorption time 
vs. polutton ratio 

/11. '1 . 
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POLAT.K=TABLE(POLATT,POLR.K,O,G,1) 

POLATT=.5/1/2.4/4.4/6.3/g.G/ll.4 

34, A 

34.1, T 

POLAT - POLLUTIOfJ-/\BSORPTIOr,l TIME (YEARS) 
POLATT- POLLUTIOrl-Al3SORPTION-TIME TABLE 
PO LR - POLL UT I ON RAT I O { D I MENS I Or JL E S S ) 

In Equation 35 the capital-investment-in-agriculture fraction 

CIAF is gradually adjusted in response to the food ratio. As the 

adequacy of food increases, the fraction of total capital devoted 

to agriculture is reduced so that the remainder of capital invest­

ment can be devoted to the material standard of living. Equation 35 

is a first order time delay with a delay time of 30 years in making 

the adjustment in response to the food ratio condition. 

CIAF.K=CIAF.J+(DT/CIAFT){CFIFR.J-CIAF.J) 

CIAF=CiAFI 

CIAFl=.S 

35,L 

35.l,TJ 

CIAFT=30 35.3,C 

CIAF - CAPITAL-INVESTMENT-IN-AGRICULTURE FRACTION 
(DI MENS I OfJLESS) 

CIAFT - CAPITAL-INVESTMENT-lfJ-AGRICULTURE-FRACTION 
ADJUSTMENT TIME (YEARS) 

CFIFR - CAPITAL FRACTION INDICATED BY FOOD RATIO 
(DI MENS I OfJLESS) 

CIAFI - CAPITAL-INVESTMENT-ltJ-AGRICULTURE FRACTION, 
INITIAL (DIMENSIONLESS) 

Equation 36 gives the relationship which is here assumed between 

food ratio FR and the capital-fraction-indicated-by-food ratio CFIFR. 

Other formulations might be considered in which the deviation from 

normal food ratio establishes not an equilibrium value for CIAF but 

instead a continuous rate of change in CIAF. (In WORLD2 an input 

is added from quality of life) Equation 36 reflects the pressures 

to shift capital investment to agriculture as food pressures rise. 

At zero food all capital investment would be shifted toward food 

growing. As the average food condition for the world as a whole 

improves, it will of course happen unequally and those areas and in-
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dividuals who are meeting their food needs wil l begin to shift some 

of the productive assets into non-agricultural channels. 

CFIFR.K=TAOLE(CFIFRT,FR.K,0,2,.5) 

CFIFRT=l/.8/.5/.2/.1 

CFIFR - CAPITAL FRACTION INDICATEO BY FOOD RATIO 
( D t MENS I orJLESS} 

CFIFRT- CAPITAL-FRACTION-iNOICATED-UY-FOOD-nATIO 
TABLE 

FR - FOOD RATIO (DIMENSIONLESS) 
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Equation 37 _ for quality of life QL is a rneasure ·of human sat­

isfaction. It can be taken as a utility or performance_ measure 

of the system. The composite quality of life measure is obtained 

by combining a coefficient QLS representing the average quality 

of life in 1970, with multipliers representing inputs from the 

material standard of living, crowding, food supply, and pollution. 

36, A 

3G. l, T 



• QL.K=(QLS)(QLM.K)(QLC.K)(QLF.K)(QLP.K) 

QLS=l 

QL - QUALITY OF LIFE (SATISFACTIOfJ UNITS) 
QLS - QUALITY-OF-LIFE STANDARD (SATISFACTION 

UNITS) 
QLM - QUALITY OF LIFE f-'ROM MATERIAL 

(DI MENS I orJLESS) 
QLC - QUALTIY OF LIFE r-rwM CROWDlfJG 

(DI MEW, I OfJLESS) 
QLF - QUALITY OF LIFE FROM FOOD (Dlt-1ENSIOtJLESS) 
QLP - QUALITY OF LIFE FROM POLLUTIOtl 

(Dlt~EUS IOfJLESS) 

34 

37,S 

37.1,C 

Equation 38 describes quality . of life from material standard of 

living QLM. It ·rises progressively more steeply. (But the rea­

sons here were wrong and the shape is changed in WORLD2) 
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QLM. K=TABLE(QLMT ,t-1SL. K, O, 5, 1) 

QLMT=.2/1/2.2/4/6/8 

38,A 

38.1,T 

QLM 

QLMT 
r-1s L 

- QUALITY OF LIFE FROM MATERIAL 
(DIMENSIONLESS) 

- QUALITY-OF-LIFE-FROM-MATERIAL TABLE 
- MATERIAL STAfJDARD OF LIVlfJG (Dlr~ENSIONLESS) 

Equation 39 represents the contribution to quality of life 

from crowding QLC. The crowding ratio of unity represents 1970 con­

ditions with a unity output to the total quality of life. The curve 

reflects the belief that crowding has already substantially reduced 

the quality of life and that substantial further reductions will o·c­

cur if the crowding rises a factor of 5 above that at the present 

time. One should remember that this measure of quality of life rep- . 

resents the influence of crowding for its own sake. The effect of 

crowding on the food supply and on pollution are represented in oth-

er variables. 
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Q LC • K =TAB L E ( Q LC T , C R • I(, 0 , 5 , • 5 ) 

QLCT=2/l.3/1/.75/.55/.45/.38/.3/.25/.22/.2 

QLC - QUALTIY OF LIFE FROM CROWDING 
(DIMENSIOtJLESS) 

QLCT - QUALITY-OF-LI FE-t=ROM-CRmm I rm TAGLE 
CR - CROWDlfJG RATIO (DIMENSlONLl:SS) 

39, A 

39. i, T 

Equation 40 measures the contribution to quality of life from 

food adequacy QLF. (This is also a. function which should rise more 

steeply at f~rst and then gradually level out as the food becomes 

more than sufficient. The incorrect shape here is altered in WORLD2) 
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QLF.K=TABLE(QLFT,FR.K,0,2,.5) 

QLFT=0/.2/1/2.2/4 

QLF - QUALITY OF LIFE FROM FOOD (Dlf.-1ENSIOrJLESS) 
QLFT - QUALITY-OF-LIFE-FROM-FOOD TABLE 
FR - FOOD RATIO (DIMENSIONLESS) 

37 

40,A 

4 0. 1, T 

Equatioh 41 is the contribution to quality of l ife f rom environ­

mental pollution QLP. As pollution rises the quality of life will 

continue to be degraded. (The sensitivity of this curve is changed 

in WORLD2) 

QLP. l'=TABLE(QLPT, POLR. K, O, 6, 1) 

QLPT=l.5/1/. -7/.5/.35/.25/.2 

I 

QLP - QUALITY OF LIFE FROM POLLUTION 
(DIMENSIOfJLESS) 

QLPT - QUALITY-OF-LI FE-FROM-POLLUTION TAllLE 
POLR - POLLUTION nATIO (DIMENSIOHLESS) 
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The formulation of the WORLDl model is now complete. The list­

ing of model equations are on the following pages. The dynamic im­

plications can be determined by processing the model through the 

DYNAMO compiler. Two input typing errors wer_e identified by DYNAMO 

and were corrected before the first simulation out put was obtained. 
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PAGE 1 FI LE \JO RLDl WORL D DYNAMICS 1 07/15/70 1415.2 

0 . 1 * VJORLD DY NAMICS 1 • 1 L P.K~P.J+(DT)( UR.JK-DR.JK) 
1.1 N P=PI 
1.2 C Pl=l.6SE9 
2 R BR. KL=( P. K) ( BHN) ( [3RFf.1. K) ( BRMM. K) ( BRCM. K) ( 8RPM. K) 
2.1 C BRN=.045 
3 A BRMM.K•TABLE(~RMMT,MSL.K•BRMS,0,15,2.5) 
3.1 T BRMMT=.7/1.5/2.1/2.2/1.8/1.1/.8/ 
3.2 C BRMS=l 
4 A MSL.K=(MSLN)(ECIR.K) 
4.1 C MSLN=l 
5 A EC I R. K= (CI R. K )( 1-C I AF. K) ( NR EM. K) 
6 A NREM.K=TABLE(NREMT,NRFR.K,0,1,.25) 
6.1 T NREMT=0/.15/.5/.85/1 
7 A NRFR.K=NR.K/NRI 
8 L NR.K=NR.J+(DT)(-NRUR.JK) 
8.1 N NR=NRI 
8.2 C NRl=900E9 
9 R NRUR.KL=(P.K)(NRUN)(MSL.K) 
9.1 C NRUN=l 

10 R DR. KL=( P. K)(DRN) (DRMM. K)(DRPt1. K) (DRFM. K)(ORCM. K) 
10.1 C DRN=.025 
11 A DRMM. K=TABHLC DRMMT, MSL. K*DRMS, O, 5,. 5) 
11.1 T DRMMT=2/l.4/1/.8/.7/.6/.53/.5/.5/.5/.5 
11. 2 · C DRMS=l 
12 A DRPM.K=TABLE(DRPMT,POLR.K,O,fi,l) 
12.1 T DRPMT=l/1.1/1.3/1.6/2.2/3.4/6 
13 A ORFM.K=TABHL(DRFMT,FR.K,0,2,.25) 
13.1 T DRFMT=30/2.4/1.5/1.2/l/.9/.8/.73/.7 
14 A DRCM.K=TABLE(DRCMT,CR.K,0,5,1) 
14. 1 T DRCMT=l/1.1/1.3/1.6/2.1/3 
15 A CR.K=(P.K)/(LA•PDN) 
15.1 C LA=l35E6 
15.2 C PDN=265 
16 A BRCM.K=TABLE(BRCMT,CR.K,0,5,1) 
16.l T BRCMT=l/.95/.8/.7/.65/.65 
17 A BRFM.K=TABLE(BRFMT,FR.K,0,2,.5) 
17.1 T BRFMTaQ/.4/1/1.8/3 
18 A BRPM.K=TABLE(BRPMT,POLR.K,0,6,1) 
18.l T BRPMT=l/.98/.95/.9/.8/.65/.5 
19 A FR.K=(FPCI.K)(FCM.K)(FPM.K) 
20 A FCM.KmTABLE(FCMT,CR.K,0,5,1) 
20.1 T FCMT=2.4/1/.6/.4/.3/.2 
21 A FPCI.K•TABLE(FPCIT,CIRA.K,0,6,1) 
21.1 T FPCIT=.5/l/1.4/1.7/1.9/2.05/2.2 
22 A CIRA.K=(CIR.K)(CIAF.K) 
23 A CIR.K=CI.K/P.K 
24 L CI.K•CI.J+(DT)(CIG.JK-CID.JK) 
24.1 N CI =Cl I 
24.2 C Cll=.4E9 
25 R CIG.KL=(P.K)(CIPC.K)(CIGC) 
25.1 C CIGC=l 
26 A CIPC.K=TABLE(CIPCT,MSL.K,0,5,1) 
26.1 T CIPCT=.02/.05/.15/.30/.50/.75 
27 R CID.KL=(CI.K)(CIDN) 
27.1 C CIDN=.025 
28 A FPM.K=TABLE(FPMT,POLR.K,0,6,1) 
28.l T FPMT=l/.95/.8/.6/.4/.25/.15 



• 
PAGE 2 

29 
29.l 
30 
30.1 
30.2 
31 
31.1 
32 
32.1 
33 
34 
34.1 
35 
35.1 
35.2 
35.3 
36 
36.1 
37 
37.1 
38 
38.1 
39 
39.1 
40 
40.l 
41 
41.1 
41.4 
41. 5 
41.6 
42 
42.1 
42.2 
42.3 
4 2. 6 

A 
C 
L 
N 
C 
R 
C 
A 
T 
R 
A 
T 
L 
N 
C 
C 
A 
T 
s 
C 
A 
T 
A 
T 
A 
T 
A 
T 
NOTE 
NOTE 
NOTE 
C 
C 
C 
N 
PLOT 
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FILE HORLDl won LO DYNAt1 I cs 1 07/15/7 0 141 5 . 2 

POLR.K=POL.K/POLS 
POLS=3.6E9 
POL.K=POL.J+(OT){POLG.JK-POLA.JK) 
POL.=POLI 
POLl=.2E9 
POLG.KL=(P.K)(POLN)(POLCM.K) 
PO LN=l 
POLCM.k=TABLE(POLCMT,CIR.K,0,5,1) 
POLCMT= . 05/1/3/6/10/15 
POLA.KL=POL.K/POLAT.K 
POLAT.K=TABLE(POLATT,POLR.K,0,6,1) 
POLATT=.S/1/2.4/4.4/6.8/9.6/11.4 
CIAF.K=CIAF.J+(Di/CtAFT){CFIFR.J-CIAF.J) 
CIAF=CIAFI 
CIAFl=.5 
CIAFT=30 
CFIFR.K=TABLE{CFIFRT,FR.K,0,2,.5) 
CFIFRT=l/.8/.5/.2/.1 
QL.K=(QLS){QLM.K)(QLC.K){QLF.K)(QLP.K) 
QLS=l 
QLM.K=TABLE(QLMT,MSL.K,0,5,1) 
QLMT=.2/1/2.2/4/6/R 
QLC.K=TABLE(QLCT 1 CR.K,0,5,.S) 
QLCT=2/l.3/1/.75/.55/.45/.38/.3/.25/.22/.2 
QLF.K=TABLECnLFT,FR.K,0,2,.5) 
QLFT=O/ . 2/1/2.2/4 
QLP.K=TABLE(QLPT~POLR.K,0,6,1) 
QLPT=l.5/1/.7/.5/.35/.25/.2 

CONTROL CARDS 

DT-=.2 
LENGTH=2100 
PLTPER=2 
TIME=l900 
P~P/POLR=2/Cl=C/FR=F/CR=R/MSL=M/QLM=L/QL=Q/CIAF=A/NR=N 



• CHAPTER 3 

WORLDl Computer Runs 

First Computer Run - WORLDl-STD. 

The standard run from the Worldl Model is the first computer 

run obtained after the model formulation. (See the accompanying 
I 

package of computer runs.) It was initialized according to the 

earlier discussion for population and other estimated conditions 

at the year 1900. We see that population rose exponentially to 

the year 1970. Food per capita is almost constant during the 

first 70-year period, while the fraction of total capital devot­

ed to agriculture declines. Pollution rises off the bottom ax­

is just before 1940 and begins to curve upward after 1960. As 

this was printed line-by-line on the typewriter, behavior looked 

encouraging for a first result. 

Then a surprising and unexpected development occurred. Be­

tween 1970 and 1980 pollution rises rapidly, food per capita falls, 

and the population declines precipitously. This first computer run 

was obtained about 11:30 PM on July 4, 1970, after devoting the en­

tire day to generating the first version of the world dynamics 

model. Needless to say, as a bed-time story it was not a soothing 

image of the future. 

The next day the first WORLDl-STD. computer run was studied. 

Ten other runs with changed parameters were made to examine sensi­

tivity and behavior of the system. 

The following paragraphs discuss the WORLDl-STD. computer run . 

Pollution by the year 1990 rises to a value of 24 where a val­

ue of 1 was defined as actual pollution in the year 1970. The mo­

del run in 1970 shows a pollution level of 2 instead of 1 and a 

population of more than 5.5 billion which is higher than the 3.6 

billion which was taken in the formulation as the 1970 value. 
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The model run shows a pollution recovery over a period of 

about 50 years from 1990 to 2040. At this point, there is a re­

surgence in population and a secondary pollution crisis, which 

again depresses population to a still lower value. 

A first spproach to evaluating such a computer run might be 

to examine each of the plotted curves and the scales which were 

automatically selected for the plotting to see if any obviously 

unreasonable behavior is occurring. Population is on a scale 

from Oto 8 billion and, as already observed, the population in 

1970 has risen further than in real life. For a better match to 

reality, this should be investigated later and parameters changed 
I 

to give a proper historical growth rate. 

The natural resource curve N is on the scale from 500 to 900 

billion and shows a fairly steady depletion rate from 1940 to the 

end of the computer run. Steady depletion during the period of 

very low population is at first surprising. Natural resource uti­

lization rate NRUR in Equation 9 is proportional to population 

but it is also proportional to the material standard of living 

MSL which depends on the effective-capital-investment ratio ECIR. 

Capital investment CI remains high and the material standard of 

living MSL increases as the population decreases. This raises 

some question about the appropriateness of using MSL directly in 

Equation 9. Perhaps the resource utilization per capita should 

have a table curving to saturate as the material standard of liv­

ing rises as high as is sensible in serving human needs. 

The curve for capital investment CI plotted with the symbol C 

shows behavior which should be questioned. During the population 

collapse after 1970, the accumulation of capital investment in­

creases and even accelerates as we see at 1990 when the upward 

slope of the capital investment curve increases. Although popu­

lation is falling throughout the interval, capital investment 

peaks at about the year 2000. At first thought this seems wrong. 

In capital accumulation, we can hypothesize various conditions. 

If population is uniformly depressed and this happens equally irt 

all economic categories, then the upward surge in capital accumula­

tion is clearly unreasonable. On the other hand, if we assume that 
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• those population areas with a high intensity of capital invest­

ment utilization are not so seriously affected by the environ­

mental crisis, then it may well be that, on the average basis for 

the world as a whole, the capital investment per person increases, 

capital accumulation per person does rise, and the continued up­

ward trend of total capital investment can continue. We certain­

ly want to go back to a careful consideration of the shape of the 

table for CIPCT in Equation 26.1. 

The pollution ratio POLR plotted as 2 shows the sudden · upsurge 

starting in 1960 and peaking in 1990. The reason for this involves 

the way in which : pollution is generated and absorbed. Pollution 
I 

generation POLG in Equation 31 is proportional to population. It 

also increases with the capital-investment ratio CIR. In other 

words, the higher the capital investment per person, the higher is 

the pollution generation rate per person. On the other hand, the 

pollution-absorption time POLAT coming from Equation 34 depends on 

the total pollution in the environment. As the total pollution rises, 

the time constant_ for absorption gets longer. In other words, we 

are assuming here that more pollution interferes with the pollution 

clean-up process. Clearly this does happen under many circumstances. 

One tends to reach a run-away situation where pollution continues 

to be generated and the accumulating pollution slows down the absorp­

tion rate. The parameters around this whole process now need to be 

re-examined to see if they are reasonable quantitatively and also 

reasonable as to their shapes of curvature. 

The pollution-ratio POLR rises to a value of about 24. This 

means 24 times the pollution load in the environment as exists actual­

ly in 1970. The value is far higher than was anticipated because the 

table functions that receive POLR extended only to a value of 6. This 

leads to much of the over-running of the table functions reported at 

the beginning of the computer run and to be discussed later. 

Pollution peaks at about 1990 where the pollution generation falls 

to the pollution absorption rate. Environmental recovery then takes 

place over the following 50 years. 
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An interesting thing happens in the period from 2030 to the year 

2060. A "Golden Age" for the very small population develops as a result 
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of high capital per capita, a very high food ratio, ~nd a high 

material standard of living. 

But we note that the l e ssons of history have not been well 

learned, and a secondary environmental crisis occurs beginning with 

the up-turn at 2050 with a peak at 2065. This occurs because of the 

very high capital investment ratio CIR which indicates that the 

small population is highly industrialized. One might speculate on 

the reality of this and cons i der whether the relationship~ of capital 

and population are reasonable . 

The capital-investment-in-agriculture frac t ion CIAF, plotted 

with the symbol A, shows an interesting behavior by falling through 

the first 70 years and then rising sharply as the food supply declines 

and capita1 is re-a l located into food production. 

The quality of l i fe QL is, like the other variables, here scaled 

automatically· and has been suppressed into the lower axis for most of 

the run because of the high peak in quality of life occurring at the 

year 2040. The value at that point reaches 90 which means 90 times 

the average quali t y o f l ife experienced in the world in 1970. This 

suggests that we look at the table functions which generate quality of 

life in Equations 38, 39, 40, and 41. In Equation 38 the quality of 

life from the material standard of living QLM curves upward which 

clearly is incorrect. Additions to the material standard of living 

should encounter decreasing returns and the curvature of the function 

should be in the other direction. 
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The quality of life from crowding QLC in Equation 39 should probably 

level out rather than becoming steeper as the curve approaches the zero 

value of CR. At some low value of population the quality of life ceases 

to increase as the population becomes still smaller. 

In the quality-of-life-from-food function in Equation 40.1, again 

we see that the curvature is incorrect. The incremental value of addi­

tional food should decline so that the curve will rise steeply at the 

left and then more gradually as food increases. In the quality-of-life­

from-pollution table, Equation 41.1 for QLPT, again the curve should 

probably become horizontal as it approaches the left edge of the diagram. 

At some point pollution becomes so slight that the quality of life 

will be insensitive to it. 
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When we examine the curve for material standard of living MSL, 

plotted as M, there is a peak irt the region of year 2030 which rises 

to a value of nearly 50. This is unexpected, but may be a simple 

numerical consequence of the large residue of capital equipment and 

the small population. Observing that the ratio can become this large, 

we need to trace through the resulting table functions which affect 

birth rate, death rate, capital investment generation, and the direct 

connection to natural resource useage rate to see if the results are 

reasonable. It would appear that a tabie function should be inserted 

between Equations 4 and 9 so that the high material standard of living, 

which may be art,ificial and meaningless, is not used to deplete natural 

resources without a table function to reflect the proper suppression or 

saturating effect. 
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Regarding natural resource consumption, we can form some estimate 

of its maximum per capita rate. From Peccei's diagram in Successo it 

appears that about 20% or less of the world's population live in Europe 

and North America. If we roughly assume that all of the world's capital 

investment lies in those areas, then total capital investment would 

need to increase 5 times to bring other areas up to the same level. If 

human inclinations were such as to cause capital investment in the 

advanced countries to double, then a factor of 10 increase in the world 

as a whole would not be unreasonable in bringing the entire world up 

to the more advanced sectors of society in the advanced countries. A 

material standard of living rising to a value of 10 might be imaginable 

as a goal if other considerations did not come to dominate. 

We note that the crowding ratio CR, plotted with the symbol R, is 

on a scale from Oto 0.2. In other words, the crowding ratio never 

reaches the 1970 actual level even though the 1970 model population is 

above the actual. There is an error in the equation formulation at 

some point. 

In the standard run we note a long decline in the capital-investment­

in-agriculture fraction CIAF, plotted as A. This looks more like a 

decay time-constant representing an unbalanced initial condition than 

it does like~ fundamental behavior of the system. A second run, 7/4-1, 

changed the initial value of the capital-investment-in-agriculture 

fraction from 0.5 to 0.3. There was no significant change in behavior 
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from the .standard r un except that the capital-investment- in-agri­

culture fraction CIAF remained approximateiy constant at the initial 

value indicating its equilibrium with the growth processes in the 

system. Unless other changes to the model require a further change 

here, the value of CIAFI should be changed to 0.3. 

Examination of Table Over-run Indicators: 

At the beginning of the computer run is a list of many over-runs 

in the non-linear tables indicating that system variables moved outside 

of the expected range. See the accompanying Figures 3-1 and 3-2. 

These all occur in the year 1976 and later. The first five tables are 

above maximum range because pollution has risen above the expected 

level. The next five in various ways result from capital investment 

per capita rising higher than anticipated. In the year 2026 pollution 

comes back within bounds and in 2030 the food ratio rises above that 

allowed in the tables. In fact, the food ratio continues to rise 

to a value of more than 5; the tables allow for a value of 2. Prob­

ably in terms of world-wide food consumption a factor of 2 above 

average 1970 values is smaller than the world might desire. This is 

especially true if food is measured in terms of quality as well as 

mere quantity. 

The preceding analysis of the first computer run was dictated on 

July 9, after the computer runs through Worldl-7/5-12 had been made on 

July 5. The preceding analysis is more thorough than was actually 

done before the succeeding computer runs were made. Had the analysis 

been made thoroughly, as it should have been, a different sequence of 

computer runs would probably have been made. However, to preserve 

the continuity of the actual development of the study, the computer 

runs will now be discussed in the sequence in which they actually 

occurred. 

Parameter Changes in WORLDl: 

Run Worldl-7/5-1 Here the capital-investment-generation coef­

ficient CIGC has b~en reduced from 1.0 to 0.5. This will reduce the 

generation of capital investment by a factor of 2 if all other con­

ditions remain unchanged. Population is on the same scale as before 
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PAG E 2 \W RLDl 

TYPE CHANGES 
run std 

WO RLO DYNAr 1 I CS 1 07/15 /70 

ABOVE RANGE OF TA BLE FrnPMT AT TIME = 197G • 

ABOVE RANGE OF TAB LE FPMT AT TIME= 1976. 

ABOVE RANGE OF TABLE DRPMT AT TIME= 1976. 

ABOVE RANGE OF TABLE QLPT AT TIME= 1976. 

ABOVE RANG~ OF TAB LE POLATT AT TIME= 1976. 

ABOVE RAN.GE OF TABLE POLCMT AT TIME = 19 81. 

ABOVE RANGE OF TABLE FPCIT At TIME= 1989. 

ABOVE RANGE OF TABLE QLMT AT TIME= 1989. 

ABOVE RANGE OF TABLE CIPCT AT TIME= 1989. 

ABOVE RANGE OF TABLE BR Mtff AT TIME = 2007. 

IN RANGE OF TABLE BRPMT AT TIME= 2026. 

IN RANGE OF TABLE FPMT AT TIME= 2026. 

IN RANGE OF TABLE DRPMT AT TIME= 2026. 

IN RANGE -OF TABLE QLPT AT TIME= 2026. 

IN RANGE OF TABLE POLATT AT TIME= 2026. 

ABOVE RANGE OF TABLE BRFMT AT TIME = 2031. 

ABOVE RANGE OF TABLE QLFT AT TIME= 2031. 

ABOVE RANGE OF TABLE CFIFRT AT TIME= 2031. 

IN RANGE OF TABLE BRMMT AT TIME= 2045. 

IN RANGE OF TABLE FPCIT AT TIME= 2049. 

IN RANGE OF TABLE QLMT AT TIME= 2051. 

IN RANGE OF TABLE CIPCT AT TIME= 2051. 

IN RANGE OF TABLE BRFMT AT TIME= 2052. 

IN RANGE OF TABLE QLFT AT TIME= 2052. 

IN RANGE OF TABLE CFIFRT AT TIME= 2052. 

ABOVE RANGE OF TABLE BRPMT AT TIME= 2053. 

ABOVE RANGE OF TABLE FPMT AT TIME• 2053. 

ABOVE RANGE OF TABLE DRPMT AT TIME= 2053. 
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• PAGE 3. \1011 L D 1- STD ~/OR LO DY NAM I CS 1 07/15/70 1134.7 

ABOVE RANGE OF TABLE QLPT AT TIME= 2053. 

ABOVE RANGE OF TABLE POLATT AT TIME = 2053. 

ABOVE RANGl: OF TABLE QLMT AT TIME= 2055. 

ABOVE RANGE OF TABLE CIPCT AT TIME = 2055. 

ABOVE RANGE OF TABLE FPC IT AT TIME = 2059. 

ABOVE RANGE OF TABLE BRMMT AT TIME = 2076. 

IN RANGE OF TABLE BRPMT AT TIME= 2092. 

IN RANGE OF TABLE FPMT AT TIME= 2092. 

IN RANGE OF TABLE DRPMT AT TIME= 2092. 

IN RANGE OF TABLE QLPT AT TIME= 2092. 

IN RANGE OF TABLE POLATT AT TIME = 2 09 2. 

ABOVE RANGE OF TABLE BRFMT AT TIME = 2 09 7. 

ABOVE RANGE OF TABLE QLFT AT TIME= 2097. hf 3-2 
ABOVE RANGE OF TABLE CFIFRT AT TIME = 2 09 7. 



• 

• 

and reaches nearly 7 billion. Capital investment is on a Oto 4 

billion scale, instead of the original Oto 8 bi1lion scale. In 

the standard run, when population crosses 4 billion at 1950, the 

capital investment has risen to about 2.5 billion. In this run, 

when population crosses 4 billion at 1990, the capital investment 

has a value of about 1.5. This computer run is similar to the 

standard during the period of exponential growth. It immediately 

raises the question of what happens beyond the year 2100. An 

extended computer run should be made to examine what eventually 

happens. Because there are no heavy transients from a system 

49 

collapse, we see
1
in this computer run a better idea of what some 

of the variables were doing, which in the standard run were sup­

pressed because of the automatic scaling. Food per capita gradually 

declines from 1.3 to 1.2 during the 200 years. Quality of life QL, 

plotted with the letter Q, rises at first to a peak of 1.7 and declines 

to a value of 1.1 as the food decreases and pollution rises. Again 

we see the initial transient during the first 60 years in which the 

capital-investment-in-agriculture fraction declines from an initial 

value which is too high. 

Run Worldl-7/5-2 This run combines the changes from runs Wl-7/4-1 

and Wl-7/5-1. It reduces the capital-investment-generation coefficient 

CIGC from 1.0 to 0.5 and reduces the initial value of capital-invest­

ment-in-agriculture fraction CIAFI from 0.5 to 0.25 of the total capital 

investment. There is relatively little change except that the transient 

due to initial conditions in the capital-investment-in-agriculture 

fraction is now in the opposite direction. It starts too low and rises. 

This causes the food ratio initially to be lower than the proper value 

for the growth phase of the system and food ratio rises initially 

before it starts to decline. Several scales have changed, but values 

at the end of the run seem about the same as in Wl-7/5-1. · 

Run Worldl-7/5-3 Here the conditions are identical to the previous 

computer run, except the length has been extended to the year 2400 and 

the plotting interval increased from 2 years to 5 years. We see that 

the preceding computer runs were- heading into the same kind of pollution 

and population crisis as the standard model run, except that the time 

of the crisis is delayed to the period after the year 2100. A short 
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term oscillation involving food and pollution is evident in the 

interval after the year 2150. This looks like a technical instability, 

involving one or two loops within the model, which probably arises 

from too high · a sensitivity to small changes in variables. This will 

not be explored further at the present time. To do so would require 

obtaining additional information in this area and plotting a number 

of variables to an expanded scale. We note that the capital-invest­

ment-in-agriculture fraction C!AF is also involved in the oscillation 

and it suggests that the significant ioops involve food, the capital­

investment-in-agriculture fraction CIAF, and some interaction with 

capital generation and pollution generation and possibly even with 

population. The suppressed scale does not tell us if population is 

involved. 

Run Worldl-7/5-4 In the standard run, we noted that population 

growth was more rapid between 1900 and 1970 than it actually has been. 

Reducing the birth rate normal BRN might affect the rate of population 

growth. In this computer run, it has been reduced from 0.045 to 0.025. 

In other words, the normal birth rate has been reduced to equal the 

normal death rate. In this run we see an initial transient in which 

population drops slightly during the first 20 years. This is probably 

due to a set of incompatible initial conditions, probably involving 

the capital-investment-in-agriculture fraction CIAF being too high, 

and the initial value of capital investment CI being too low. Also, 

we note that the population in 1970 is now about 2.3 billion, which 

is less than the expected 3.6 billion. Population growth still does 

occur, and it suggests that we sould· examine the "normal" values in 
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our various table functions to see if they are indeed running around 

unity values as originally intended. It is clear from this run .that 

they are shifted sufficiently that birth rate exceeds death rate, even 

though the normal values are the same. The general shape of the popula­

tion and pollution crises are still essentially the same (note that 

scales again have shifted in values). The collapse has been postponed 

until the year 2000. Again we see the upsurge in capital investment 

as population falls, suggesting that the formulation is not satisfactory 

with respect to capital accumulation. 

· Run Worldl-7/5.-5 This is the same as the previous run with the 



• capital-investment-in-agriculture fraction reduced from 0.5 to 0.3 . 

One sees that the system is more nearly in equilibrium at the beginning, 

and there is no .evidence (at least within the less sensitive scales 

selected) of a population decline initially. The population peak rises 

to a higher value and at a somewhat earlier time for the pollution and 

population collapse. This computer run tells us relat i vely little that 

is new, and could have been omitted if one had come more thoughtfull y 

to the essential points of the system where the dominant behavior had 

already been identified. 

Run Worldl-7/5-6 This is an exact duplicate of the previous run, 

except that the length has been shortened to stop at year 2000 and the 

plotting interval has been reduced. This was done to avoid the scale 

suppressions created by the wide variations in the last part of the 

previous run so that the quality of life QL, plotted as Q, could be 

examined. We see here that it starts at a value of 1.5, - rises to a 

peak of slightly over 3 in the middle of the computer run, and falls to 

near O during the population collapse. 

Run Worldl-7/5-7 Here we examine the effect of pollution by 

changing the pollut i on standard POLS from 3.6 billion to 10 billion. 

This means that actual pollution must rise to about 3 times the previous 

values in order to produce the same effect on the remainder of the 

system. Comparisons should be made with the Worldl-STD computer run. 

The principal effect here from assuming that the world is only 1/3 as 

sensitive to pollution, is to delay by 50 years the time when pol-lution 

causes an environmental collapse. Peak population rises to 12 billion. 

Peak pollution rises to about 18 times the 1970 conditions. 
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Run Worldl-7/5-8 Here we return to the observation made i.n discus­

sing the standard model behavior that the crowding ratio was not showing 

correct values. Examination of the original arithmetic discloses an 

error. The population density nonnal PDN should have had a value of 

26.5 instead of 265. The correct value of 26.5 is inserted in this 

computer run for comparison with the standard run. All influences 

from the crowding multiplier now become more effective. Population 

growth is substantially slowed, and we see that the various multipliers 

and ratios will need to be re-examined if population growth is to be 

adjusted to the historical rate. One should observe here that adjustments 
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of these var i ous parameter values and table s have little e ff ect on 

the gross overall be havior of the system. In other words, population 

still grows to a crisis point followed by a population collapse. We 

have not yet examined the assumption surrounding the pollution syb system 

from which the population co l lapse is being triggered. In due course, 

this must be done. Here we see a r e turn of the slight po pul ation de­

cline at the beginni ng of the time period. All rema ining comput er r uns 

will retain the correction in PDN a s we now begin to expl or e changes 

to correct absurdities and oversights in the model. 

Run Worldl-7/5-9 A f orm of questionable behavior noted in previ ous 

computer runs is the t endency for capital investment to surge upward as 

population falls. This is because of the upward sweeping shape of the 

table in Equation 26 . 1. This is probably not consistent with human 

behavior. At some level, capital investment will be so high on a per 

capita basis, that further accumulation will be meaningless. The response, 

instead of curving upward, should saturate. The normal value for 1970 

has been taken as .05 for the capital investment per capita CIPC. In 

this computer run, as shown in Figure 3-3, the value saturates at .18 

or slightly more than 3 times as high, when the material standard of 

living MSL rises to a value of 5. The results should be compared with 

run 7/5-8, because the corrected value of population density normal 

PDN is still present. The peak values of capital investment at the 

time of peak population are both about 3 billion units of capital in­

vestment. Peak population and timing of the population collapse are 

essentially the same. However, we see that the behavior of capital 

investment after the peak is substantially altered and in a more 

reasonable direction. The upsurge in capital investment as population 

falls has been eliminated. 

Run Worldl-7/5-10 It is evident from the computer runs that the 

pollution sector is one of the most critical areas of the model since 

it triggers the population collapse as the level of pollution rises. One 

reason for the rapid rise in pollution is the assumption that the 

pollution absorption process slows down as the total pollution in the 

environment increases. The table changes in Equation 34.1 for this run 

are shown in Figure .3-4. The present (new) and original values of 

parameters and tables are shown above the upper left corner of the computer 
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runs . 

The pollution-absorption time POLAT is decreased for higher 

pollution ratios. The effect is to delay the time of population 

collapse and to make it more gradual. One sees after the year 2020 

that population remains constant for a period of time, while capital 

accumulation continues and pollution continues to rise until it 

eventually reaches the point where absoiption does .not match pollu­

tion generation and the sudden peaking reasserts itself. For this 

computer run, the maximum pollution-absorptio~ time is a factor of 

4 greater than the condit ions assumed normai in 1970. In other 

words, when the pollution ratio POLR equals 6, then the pollution 

adjustment time POLAT reaches a maximum value of 4.8. 

Run Worldl-7/5-11 This run is not included in the printed set. 
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It is the same as Run 7/5-10, except that the initial value of capital 

investment in agriculture fraction CIAFI is reduced from 0.5 to 0.3. 

Behavior is essentially as in the previous run, except for the transient 

changes at the beginning during the first 40 years. 

Run Worldl-7/5-12 This computer run is not included. It is the 

same as 7/5-11, except that the birth rate normal BRN was increased 

from 0.45 to .060. The change in behavior is not substantial. 
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CHAPTER 4 

MODIFICATIONS OF THE MODEL. 

Hodel WRLDlA as Revised from WORLDl. 

A number of misconceptions and errors have now been identified in 

the Worldl model. The following discussion describes considerations in 

moving toward a revised model, WRLDlA, as a next step toward the model 

for use by the Club of Rome Seminar in the afternoon workshop sessions~ 

The following notes were made while going through the original Worldl model 

line by line and identifying any changes which have been indicated by the 

preceding analysis and computer runs. 

Equation 3. The original relationship for the birth-rate-material 

multiplier BRMM in Equation 3 was probably based on incorrect reasoning. 

The rise in the birth rate shown as a result of a higher material standard 

of living actually reflects the net difference between birth rate and 

death rate. Since we are handling the two separately, it is probable that 

the birth rate multiplier should start high and gradually decline, indi­

cating that birth rate is highest in the societies with the lowest material 

standard of living. Effects of hospitals, medical services, and the other 

influences that are considered here as a part of the material standard of 

living would all be more directly evident in the reduction of death rate~ 

The new table for BRMMT in Equation 3.1 is therefore a very substantially 

different shape. It is hard here to estimate the effect of material standard 

of living independent of the other influences on birth rate. Generally 

speaking, the countries with the higher material standard of living are 

also ones in which the concept of crowding and the effect of a crowding 

multiplier are also influential. Since only about 20% of the world popula~ 

tion now has a high material standard of living, this multiplier at the 

present time is probably not far from its maximum. The value of the multi­

plier should be unity for 1970 when the average material standard of living 

is taken as unity. We will assume that birth rate could rise 50% as the 

material standard of living declines, and that it could eventually fall 

50% if the entire world were at a high material level. 

Equation 4. The variable "material standard of living" MSL may be 

somewhat misleading under circumstances arising in the preceding runs where 

.' 
·--·. . · .. ,.-=: . .-. . : ~-- :, . , 
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the capital investment of the wor ld tends t o r emain high, even where 

population declines rapidly. Under some of these circumstances t he var iabl e 

is best looked upon as simply t he ratio of non-agricultural capital to the 

population, without the implication that it defines standard of living. 

The equation, as originally written, does not recognize that only a 

part of the capital investment is left after allocating a fraction to 

agriculture. The equation should be rewritten to divide ECIR by MSLN . 

The value of MSLN will then be 0.7 capital units per person which repr e­

sents the amount normally available on the 1970 basis of measurement. The 

units of measure for MSL are then dimensionless. 

Equation 9. The rtatural -resource-usage rate NRUR should be modified 

to permit introduction of a table function between Equations 4 and 9. 

Natural-resource-usage rate wi ll not rise indef initely as MSL rises; 

saturation in the natural-resource- usage rate should ·occur. This will be 

introduced in a new equation numbered Equation 42. In Equation 9, we 

replace MSL with the new variable natural~resource-from-material multiplier 

NRM. 

Equation 42. We will place this equat i on at the end of the model 

so that the original equations need not be re-numbered, and their indentity 

thereby confused. This non-linear table function relates the material 

standard of living MSL to its effect on natural resource usage rate. As 

the material standard of living rises, the use of natural resources per 

capita will increase. However, this will not happen without limit, so the 

effect might be as shown in the table. 

Equation 12. This equation for the dependence of death rate on pol­

lution appears to be unsatisfactory. Multiplying the death rate by a 

factor of 6 for a pollution ratio which is only 6 times that of 1970 i s 

probably too severe a relationship. Therefore, in Equation 12.1 the 

relation is changed so the death rate increases by a factor of 30. Thi s 

i s a smaller sensitivity than previously indicated. 

Equation 13. In re-examining the relationship between dea th rat e and 
I 

food supply, it appears that the relationship might be more sensitive than 

originally shown. The world at t he present time seems poised in a marginal 

· food situation where insufficient food is causing substantial ill health 

and indirectly increasing death rates. A slightly steeper relationship is 
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being inserted in the World2 model modification • 

Equation 14. The death-rate-from-crowding multiplier DRCM will be 

left as originally inserted. However, if we consider all of the problems 

that come from crowding, including war as well as increases in deaths 

from disease, crime, and other crowding-related causes, one might argue 

that this curve should be somewhat steeper. 

Equation 15. The constant for population density normal PDN should 

be corrected to its proper value of 26.5. This factor of 10 error in the 

original formulation has already been discussed in connection with computer 

run Worldl-7/5-8. 

Equation 17. As originally entered, the birth-rate-from-food 

multiplier BRFM is of the wrong shape. It should curve in the opposite 

direction, leveling out at some food ratio which represents the maximum 

amount of effect which food can have. A new and more reasonable table 

is entered wherein the maximum effect of increasing food is to raise 

the birth rate by a factor of 2. Because the function is becoming 

unchanging the table can be changed from TABLE to TABHL. 

Equation 18. As discussed in connection with Equation 12, the 

range for the pollution ratio is not wide enough and the effect on 

birth rate may be too steep. A revised estimate for the birth-rate-from­

pollution-multiplier table BRPMT is included. 

Equation 26. Again the Worldl relationship for capital investment 

per capita CIPC appears to be of the wrong shape. Because the usefulness 

of additional capital investment probably becomes marginal, we could 

here expect the curve for capital generation to saturate. We assume 

that capital and capital generation capability are unevenly distributed 

over the world population so that the existence of any capital at the 

material standard of living MSL point in the system implies that the 

capital is sufficiently concentrated to cause capital investment gener­

ation. In other words, the curve is steepest at the O capital point 

and becomes progressively less steep as the entire world becomes saturated 

in its capital investment needs. This formulation might be more in keeping 

with the rest of the model if the table function were re-named as a multi­

plier varying around unity with the coefficient CIGC re-named to carry 

the actual value of capital investment per capita. To avoid confusion, 

this change will not be made in the present modifications. The table 

function can be changed to TABHL. 
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Equation 27. The rate of depreciation for capital equipment was ori­

ginally taken as 40 years represented by the capital-investment discard 

normal CIDN of 0.025. This is all right for buildings but is too long for 

consumer durables and most machinery. We will increase the value to a 

better estimate of an overall average and make it 0.05. (This is changed 

back to 0.05 in WORLD2). 

Equation 28. Here again we must cover a wider range in the pollution 

ratio. Also th~ effect of pollution on food growing has probably been made 

too extreme in the original table. The new values reflect these two changeso 

Equation 32. It is probably more reasonable to have the maximum pollu­

tion generated per person level out as the capital investment per capita 

in the world increases. For the new relationship WRLDlA, a curve saturating 

at 8 times the pollution per capita will be chosen to go with a capital­

investment ratio 5 times that of 1970. If the capital investment in the 

world were to rise by a factor of 5 this would bring the remainder of the 

wor1d approximately up to the North American and European standard. The 

table function can be changed to TABHL if we assume that the pollution-from= 

capital multiplier POLCM is not to rise above a value of 8 • 

Equation 34. The input range to this table from -pollution ratio must 

be increased. The table gives the pollution absorption time POLAT as it 

depends on the total pollution load in the environment. The original curve 

was probably too steep and should be made more gradual. A new estimate is 

inserted for the WRLDlA modification. 

Equation 35. The initial value in Equation 35.2 will be changed from 

0.5 to 0.3 as discussed in connection with the computer runs for WORLDl. 

The time constant CIAFT for adjusting capital investment to the needs of 

agriculture was probably picked longer originally than required for making 

a real life change. Substantial changes in the capital investment allocated 

to agriculture could be made in the period of a decade. We will here take 

a fifteen year adjustment time constant as more realistic than the preceding 

value. (This may now be too fast). 

Equation 38. The table originally used in Equation 38.1 appears in 

retrospect to be of the wrong shape. The incremental contribution to quality 

of life from each additional increase in material standard of living should 

decline. A curve which begins by rising more steeply and then becoming more 

level will be substituted. Because of the new shape of the curve it will 

be permissible to change the table function to TABHL because overrunning 
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the end of the table will no longer be significant and need not be recorded. 

Equation 40. The original relationship here again seems to have been 

shaped in the wrong direction. As the amount of food per capita increases 

the satisfaction from each increment of increase should become less and the 

curve should become more insensitive. The new relationship selected here 

seems far more reasonable and has a more defendable shape. Because the 

curve is saturating, the table function can be changed to TABHL. 

The following pages Figures 4-1 through 4-4 copy the double-s paced 

listing of the Worldl Model dated 7/10/70 1456.4 and show the changes f rom the 

WORLDl model to produce an intermediate test model named WRLDlA. The cor­

rected listing is given in Figures 4-5 and 4-6. 

Run WRLDlA-STD. This computer run is the first received from the new 

revised model. Its behavior is totally unlike those from the original 

WORLDl model and also bears very little relationship to real life. The 

modifications appear to have moved the model into some new mode of operation 

which quickly es t ablishes equilibrium conditions once some initial trans ients~ 

probably arising from inconsistan t initial conditions, have dissipated. By 

examining each of the plotted curves, we should find the clues to the be­

havior and perhaps errors and oversights in the model modification going 

from WORLDl to WRLDlA. 

The variables all cover rather small ranges. Population rises t o l es s 

than 2.1 billion. Relatively little is to be learned from the population 

curve because the initial condition is set as one of the cornerstones of the 

model in the year 1900 and the suceeding changes in population are driven 

by other variables in the system. The capital investment curve CI, plotted 

C, rises steeply to a peak and then goes into a long-term decline ~ This 

suggests an inability to sustain capital investment in the model and migh t 

be coupled to the failure . to show any upward sweeping exponential growth . 

In considering · the capital investment sector this reminds us that we inc r eased 

the capital investment discard normal CIDN to shorten the average l ife of 

capital investment. However, we did not readjust the capital generation 

process so it is possible that the system is not able to generate capital 

investment fast enough to replace the discard rate. This calls for recon~ 

sidering our increase in the discard rate or providing for a higher generat ion 

rate, should a difficulty be confirmed at this point. 
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In the curve for pollution ratio POLR, plotted as 2, we see a 

sudden rise from the initial value toward an equilibrium. This takes 

place with a very short time constant ( in the range o f one year) , which 

is the time constant for pollution absorption coming from POLAT . No 

doubt this sudden rise to an equilibrium happens because the initial 

value for poilution POLI is not ih equilibrium with the other conditio ns . 

The capital-investment-in-agriculture fraction CIAF, plotted as A, 

starts at 0.3 as set for the initial conditions but theh rises to a 

value of about 0.55. This happens while the food ratio FR, plotted as 

F, declines from an initial value of .94 to a final value of about 0.9. 

An unexpectedly high value of capital investment in a griculture is 

required to sustain the food ratio. By looking at the table for 

Zquation 36.1 we see an intompatibility between the various assumptions 

affecting the food system. We started by assuming an initial value of 

CIAF eque.l to 0.3, but observe that Equation 36.1 requires a value of 

CIAF of 0.5 at~ food ratio of unity. 

Model WRLDlB as Revised from WRLDlA. 

In Equation 36.1 we probably cannot justify the double curvature 

and should change from the original values to a , new set for WRLDlB. 

This will be made consistent with the other assumptions and will 

generate a value of CFIFR of 0.3 at a food ratio of unity. 

We also note a formulation error in the vicinity of Equation 21 

for food potential from capital investment FPCI. The standard 1970 

conditions give a value of CIR equal to unity. When this is multiplied 

by the standard value of CIAF in Equation 22, the value of CIRA will be 

0.3 which is the input to the table in Equation 21. We have been 

assuming under standard conditions that the imput to this table would 

be unity. An additional factor needs to be entered either in Equation 

21 or Equation 22 to correct for the standard value assumed as the 

normal for CIAF. We will put this in Equation 22 for CIRA by dividing 

by a coefficient CIAFN meaning capital investment in agriculture 

fraction normal. 

In a similar way we have been assuming that MSL in Equation 4 will 

have a value of unity under normal 1970 conditions. This is not true 

as now formulated until the normal value of capital investment remaining 

after deduction.for agriculture is introduced in Equation 4. This was 

done numerically in Mod~l WRLDlA by setting MSLN as 0.7. However, it 
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should be interlocked with the new value of CIAFN by changing MSLN in 

Equation 4 to 1-CIAFN. Equa tion 4.1 can then be orrrrnitted. 

An examination of the capital investment sector shows another 

conceptual oversight. The fr action of capital investment allocated to 

food production is original ly a furtttion o f food ratio only. As the 

food ratio increases, capital investment is diverted a~ay from 

agriculture. But this can clearly be carried too far. A highly 

unbalanced quality of life can occur wherein the material standard of 

living MSL can rise to high values while food ratio FR and the quality 

of life from food QLF are held at relatively lower val ues without 

recognizing the imbalance between the two quality of lite factors. To 

allow access in the model to this relationship, there should be a table 

function which can alter upward the capital-investment-in-agriculture 

fraction CIAF when the material standard of living rises to comparatively 

high values. We will use the ratio of QLM divided by QLF to indicate 

that such an adjustment is desired. Equation 43 as shown in Figure 4-7 

will be inserted and Equation 35 will be altered to accept the new 

input. This formulation is a short cut to a more complete representation 

of the generation of goals in which the allocation of capital between 

agriculture and other uses might continue to drift until the two quality 

factors were equal. The present formulation requires ·a sustained excess 

of QLM over QLF in order to increase the allocation to agriculture. 

Run WRLDlB-STD. 

The revisions to model WRLDlA giving WRLDlB yield a system which 

functions as shown in run WRLDlB-STD. The most obvious ,deficiency in 

this system behavior is the failure to grow from 1900 to 1970 with the 

historical rapidity. We recall that the capital-investment discard 

normal CIDN is still set at a 20 year time constant and the capital 

investment generation relationships are just barely able to replace 

the discard rate. 

Model WORLD2 as Revised from WRLDlB 

On still further thought, a value of CIDN corresponding to a normal 

capital investment life of 20 years is probably too short. The big 

expenditures in railroads, highways, and buildings are useful for a 

longer period. We will move the value of CIDN back to 0.025, the result 

of which is shown in run WORLD2. 
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32ol T 
33 R 
34 l\ 
34.1 T 
35 L 
35.1 N 
35.2 C 
35.3 C 
36 A 
3G.l T 
37 s 
37.1 C 
38 A 
38.1 T 
39 A 
39.1 T 
40 A 
40 .. 1 T 
41 A 
41.1 T 
li 1. 4 NOTE 
42 1\ 
Ii 2. 1 T 
42.4 NOTE 
43 /\ 
43 . 1 T 
43.4 norr: 
43.5 rJOTE 
Ii 3. 6 NOTE 
4 lt C 
l~ Ii • 1 C 
44.2 C 
Ii l.f • 3 ~ J 

44.G PUH 

R 3.133+1.850 

F I LE \•JR L D 1 B \'JORLD DYNAM JCS \HU 07/12/70 

FPn.K=T/\BLE(FPMT,POLR.K,0,30,5) 71 
FPMT=l/.95/.87/.77/.65/.5/.32 
POLR.K=POL.K/POLS 
POLS=3.6Eg 
POL.K=POL.J+(DT)(POLG.JK-POLA.JK) 
POL=POL I 
POLl=.2E9 
POLG.KL=(P.~)(POLN)(POLCM.K) 
POLN=l 
PO LCM. K=TABH L( PO LCt1T, r. IR. K, 0, 5, 1) 
POLCMT=.05/1/3/5.4/7.4/8 
POLA.~L=POL.K/POLAT.K 
PO LAT • K =TA 8 LE ( PO LAT T, PO U~ • !~, 0 , 3 0 , 5 ) 
POL/\TT=l/1.4/2.4/3.6/5.2/7.2/10 

207..8. 0 

-C I A F • ~~ = C I AF • d + ( D T / C I /\ FT ) ( C F I F R • J * C I n_ R • 1.J - C I /\ F • J ) W 1 r, 
C I A F = C I ,\ F I 
CIAFl=.3 
CIAFT=l5 
CFIFR.K=TABLE(CFfFRT,FR.K,0,2,.5) 
CFIFRT=l/.6/.3/.15/.1 WlH 
Q L • K = ( 0. L S ) ( (1 L r-1 • l< ) ( 0. LC • K ) ( Q L F • K ) ( (1 L P • K ) 
QLS=l 
QLM. K=TABHL((lU1T ,MSL. K, O, 5, 1) 
QLMT=.2/1/1.7/2.3/2.7/2.9 
QLC.K=TABLE(QLCT,CR.K,0,5,.5) 
QLCT=2/1.3/l/.75/.55/.45/.38/.3/.25/.22/.2 
Q L F. K =T /\ B 11 L ( (ll FT, FR. K, 0, 4, 1) 
QLFT=0/1/1.8/2.4/2.7 

. QLP. K=TJ\i;LE(f1LPT, POLR. K,0,6, 1) 
QLPT=l.5/1/.7/.5/.35/.25/.2 

EQUATIOM IJ2 LOCATED f1ETWEEM EQ. 4 AND 9. 
rrnt 1r-1 • K =TA B H L O HU H 1T , t 1 S L. K. , 0 , 1 0 , 1 ) 
N m H-1 T = 0 / 1 / 1 • 8 / 2 • 4 / 2 • CJ / 3 • 3 / 3 • G / 3 • 8 / 3 • q / 3 • 9 5 / 4 

I N PUT FR OM E 0. N • 3 8 ,'\ND t~ 0 TO E Q N • 3 5 \ H f1 
C J Qr. • K =TA 311 L ( C I ()_RT , f)_ L M • K / n L F • f\, 0 , 2 , • S } 1:11 B 
CIQRT=.7/.8/1/1.5/2 11HB 

COt-lTROI. r.ARO S 

DT=.2 
LF.NGTl!=2100 
PLTrER=2 
TIME=l900 
P = r / I) 0 '- r = 2 / C f = C I F R = F / C R = R / f' ·1 S L = r ,, / Q L M = L / ()_ L = Q / C I A F = /\ / M P- = t 1 
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Equation 41. The quality-of-life-from-pollution table QLPT has not 

yet been modified for the wider range of pollution ratio POLR. The 

table specification and the values are changed here to cover the range 

of Oto 30 for POLR and to make the sensitivity to pollution somewhat 

less. 

Run WORLD2 

(The computer run is supplied separc!tely from this memo.) 

Here we see that growth from 1900 to 1970 is approximately correct. 

Population has ·risen to slightly more than 3.5 billion. The pollution 

ratio is approximately the defined value of unity in 1970. Food ratio 

is about .97. Quality of life is about .99 . . Capital investment in 

agriculture fraction CIAF has dropped during the first 60 years but has 

risen again to about the 0.3 value which has been defined as normal. 

The overall behavior is not unreasonable. Population rises to a peak of 

about 5.5 billion while capital investment rises proportionately more 

steeply to a value of about 8 billion in terms of 1970 per capita units. 

Peak pollution in the year 2050 rises to 4.5 times the 1970 value. By 

the year 2050 natural resources are about 50% depleted. The reasonable­

ness of this in real life terms depends of course on how vulnerable we 

believe technological living is to the natural resource mix used today. 

A shift to atomic power and a movement away from rare metals to conunon 

metals such as aluminum might make resource depletion somewhat less 

crucial . 

. The general behavior of WORLD2 is sufficiently plausible that we 

will use it as the reference point for the Club of Rome afternoon 

workshop sessions. 

In the WORLD2 model we have inserted switches which give access at 

controllable points in time to some of the system parameters which one 

might attempt to control in real life. These switches now exist at the 

fol lowing pl aces: 

a. In Equation 2 for birth rate normal 

b. In Equation 9 for natural resouce usage rate normal 

c. In Equation 10 for death rate normal 

d. In Equation 25 for capital investment generation coefficient 

e. In Equation 27 for capital investment discard normal 

f. In Equation 31 for pollution normal 



• 
These changes define the model WORLD2. The listing of the new 

equations and a OOCUMENTOR output with definitions of variables are 

supplied separately from this memo. 
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A WORLD DYNAMICS MODEL:

INTRODUCTORY EXERCISE

QHAPTER 5

The WORLD2 Model

The following items of information are available for working

with the WORLD2 Model.

a. The flow diagram Figure 2-1

b. WORLD2 computer listing, Memorandum D-1353

c. WORLD2 documentor, Memorandum D-1354

d. WORLD2 Table Functions, Memorandum D-1355.

In addition, there is Memorandum D-1348 describing the evolu-

tionary development of the WORLD2 Model and the packet of computer

runs from Models WORLD1, WRLD1A, and WRLD1B.

Referring to the flow diagram, we see a fifth order system de-

fined by the five level variables for:

Population

Capital Investment

Natural Resources

Pollution

Capital Investment in Agriculture Fraction

Copyright 01970
Jay W. Forrester
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In this system population is subject to stresses arising from

a shortage of capital investment, crowding, food shortage, and pol-

lution. In the model, and it seems true in the actual world situation,

pressures from each of these system factors seem to be developing in

about the same time period. The world is now dipping heavily into its

natural resources and these will be substantially diminished in the

next one or two centuries. Pollution is becoming important for the first

time in human history and could reach crisis proportions in the foreseeable

future. Crowding becomes a threat as world population is faced with the

realities of a limited land area. A fundamental limitation on food supply

becomes a 'possibility, as larger amounts of land are urbanized and more

marginal lands are forced into agriculture.

By changing coefficients and table functions in the model it is

possible to eliminate the threats of one or more of these system stresses

so that the reaction of the model can be examined under the influence of

those which remain.

S.everal switches have been inserted in the model to permit alteration

of the policies governing the system at chosen times. For example, in

Equation 2 is the switch which reads

(CLIP(BRN,BRN1,SWT1,TIME. K))

CLIP is the function indicator which specifies a switching action. A

transfer is made from BRN to BRN1 when TIME has reached a value specified

by SWT1. Switching times have been set at 1970 unless the user specifies

otherwise. A'model run giving a value for BRN1 other than .045 would

cause the birth rate normal to change from a value of .045 to the new

value at the year 1970.

A similar switch is inserted in Equation 9 for the natural resource
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usage rate NRUR. Reducing the' value of NRUN1 is equivilent to asserting

that science and technological progress have succeeded in reducing the

natural resource depletion rate. This might imply a shift to more

generously available resources or a shift to more efficient reclaiming

of resources which would otherwise have been discarded.

The switch in Equation 10 for death rate DR allows one to arbitrarily

change .the death rate normal DRN1 at a specified time.

Likewise, in Equation 25 for capital investment generation CIG,

a switch permits changing, at a specified time, the capital investment

generation coefficient CIGC1. The propensity to accumulate capital can

thereby .be increased or decreased to determine the effect on the system.

In Equation 27 capital investment discard can be accelerated or

diminished at a specified time by changing the value of CIDM1.

In Equation 31 pollution generation POLG can be altered at a specified

time by changing the value of pollution normal POLN1. A reduction in

POLN1 can be interpreted as a sudden improvement in the technology of

pollution control that occurs at the specified time.

In the computer run WORLD2-STD the peaking of the population and

the gradual decline in the period from 2040 to 2100 is primarily a

result of declining natural resources. Circumstances are such .that

resources are exhausted fast enough to prevent population and capital

investment from precipitating a pollution crisis in the environment. The

pollution ratio reaches a value of about 4 times the 1970 condition.

The relative timing of resource exhaustion and pollution peaking

can be adjusted by altering the coefficients that control the rate

of capital investment CIGCi and the rate of natural resource usage in

NRUN1.

By setting the value of pollution generation POLNI at a very
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small value, pollution can be prevented from acting on the system

so that the influences of capital investment, food and crowding can

be observed.

In the same way other combinations of forces within the system

can be explored.

iL
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r dc world2 world
W 1422.6

P. K=P. J+ (DT) (BR. JK-DR. JK) 1, L

P*Pr 1. 1,N

PI=1.65E9 1.2,C

P - POPULATION (PEOPLE)
BR - BIRTH RATE (PEOPLE/YEAR)
DR - DEATH RATE (PEOPLE/YEAR)
Pi - POPULATION, INITIAL (PEOPLE)

3R.KL-(P.K)(CLIP(BRN,L3RN1,SWT1,T IME.K))(BRFM. K)(BRMM.K 2, R
) (BRCM. K) (BRPM. K)

BRN=. 045 2. 1,C

BRN1=. 045 2. 2, C

SWT1=1970 2.3,C

BR - BIRTH RATE (PEOPLE/YEAR)
P - POPULATION (PEOPLE)
BRN - BIRTH RATE NORMAL (FRACTION/YEAR)
BRN1 - BIRTH RATE NORMAL NO. 1 (FRACTION/YEAR)
SWT1 - SWITCH TIME NO. 1 FOR BRN (YEARS)
BRFM - BIRTH-RATE-FROM-FOOD MULTIPLIER

(DIMENSIONLESS)
BRMM - BIRTH-RATE-FROM-MATERIAL MULTIPLIER

(DIMENSIONLESS)
BRCM - BIRTH-RATE-FROM-CROWDING MULTIPLIER

(DIMENSIONLESS)
BRPM - BIRTH-RATE-FROM-POLLUTION MULTIPLIER

(DIMENSIONLESS)

BRMM. K=TAGHL(13RMMT,fMSL. K*BRMS, 0, 5,1) 3,A

BRMMT=1. 2/1/. 85/. 75/. 7/. 7 3.1, T

BRMS=1 3.2,C

BRMM - BIRTH-RATE-FROM-MATERIAL MULTIPLIER
(DIMENSIONLESS)

13RMMT - BIRTH-RATE-FROM-MATERIAL-.iULTIPLIER TABLE
MSL - MATERIAL STANDARD OF LIVING (DIMENSIONLESS)
BRMS - BIRTH-RATE-FROM-HiATERIAL SENSITIVITY

(D IMENS IONLESS)

11111111



HSL.K=ECIR.K .(1-CIAFN)4, A

t'SL - MATERIAL STANDARD OF LIVING (DIMENSIONLESS)
ECIR - EFFECTIVE-CAPITAL-INVESTMENT RATIO (CAPITAL

UNITS/PERSON)
CIAFN - CAPITAL-iNVESTMENT-Ifl-AGRICULTURL FRACTION

NORMAL DIMENSIONLESS)

ECIR.K=(CIR.K1-CIAF.K) (NEM.K) 5,A

ECIR - EFFECTIVE-CAPITAL-INVESTMF.NT RATIO (CAPITAL
UN ITS/PERSON)

CIR - CAPITAL-INVESTMENT RATIO (CAPITAL UNITS/
PERSON)

CIAF - CAPITAL-INVESTMENT-IN-AGRICULTURE FRACTION
(D IMENS I ONLESS)

NREM - NATURAL-RESOURCE-EXTRACTION MULTIPLIER
(DIMENSIONLESS)

NREtA.K=TABLE(NREMTNRFR.K,0,1,.25) GA

NREMT=0/. 15/. 5/. 85/1 6.1,T

NREM - NATURAL-RESOURCE-EXTRACTION MULTIPLIER
(DIMENSIONLESS)

NREMT - NATURAL-RESOURCE-EXTRACTION-MULTIPLI ER
TABLE

NRFR - NATURAL-RESOURCE FRACTION REMAINING
(DIMENS IONLESS)

NRFR. K=NR. K/NR I 7, A

NRFR - NATURAL-RESOURCE FRACTION REMAINING
(DIMENSIONLESS)

NR - NATURAL RESOURCES (NATURAL RESOURCE UNITS)
NRI - NATURAL RESOURCES, I-NITIAL (NATURAL

RESOURCE UNITS)

NR. K=NR. J+ (DT)(-NRUR. JK) 8, L

NR=NRI 8. 1,N

NRI =900E9 8.2,C

NR - NATURAL RESOURCES (NATURAL RESOURCE UNITS)
NRUR - NATURAL-RESOURCE-USAGE RATE (NATURAL

RESOURCE UNITS/YEAR)
NRI - NATURAL RESOURCES, INITIAL (NATURAL

RESOURCE UNITS)



NRUR.KL=(P.K)(CLIP(NRUNNRUN1,SWT2,TIME.K))(NRAM.K) R

NRUN=1 9. 1,.C

NRUN1=1 q.2, C

SWT2=1970 9.3,C

NRUR - NATURAL-RESOURCE-USAGE RATE (NATURAL
RESOURCE UNITS/YEAR)

P - POPULATION (PEOPLE)
NRUN - NATURAL-RESOURCE USAGE NORMAL (NATURAL

RESOURCE UNITS/PERSON/YEAR)
NRUN1 - NATURAL-RESOURCE USAGE NORMAL NO. 1

(NATURAL RESOURCE UNITS/PERSON/YEAR)
SWT2 - SWITCH TIME NO. 2 FOR NRUN (YEARS)
NRM4 - NATURAL-RESOURCE-FROM-MATERIAL MULTIPLIER

(D IMENSIONLESS)

DR.KL=(P. K)(CLIP(DRN,DRN1, SWT3, T IME.K))(DRMM.K)(DRPM.K 10, R
) (D RFM. K) (D RCM. K)

DRN=.025 10.1,C

DRN1=.025 10.2,C

SWT 3=19 70 10. 3,C

DR - DEATH RATE (PEOPLE/YEAR)
P, POPULATION (PEOPLE)
DRN - DEATH RATE NORMAL (FRACTION/YEAR)
DRN1 - DEATH RATE NORMAL NO. 1. (FRACTION/YEAR)
SWT3 SWITCH TIME NO. 3 FOR DRN (YEARS)
DRMM - DEATH-RATE-FROM-NATERIAL MULTIPLIER

(DIMENSIONLESS)
DRPM - DEATH-RATE-FROM-POLLUTION MULTIPLIER

(DIMENSIONLESS)
DRFM - DEATH-RATE-FROM-FOOD MULTIPLIER

(DIMENS IONLESS)
DRCM - DEATH-RATE-FROM-CROWDING MULTIPLIER

(D IMENS IONLESS)

DRMM.1K=TABHL(DRMI.IT,MSL. K*DRtiS,0, 5,.5) 11, A

DRMMT=2/1. 4/l/. 8/.7/. 6/. 53/. 5/. 5/. 5/. 5 11.1, T

DRMS=1 11.2, C

DRMM - DEATH-RATE-FROM-MATERIAL MULTIPLIER
(DIMENSIONLESS)

DRMMT - DEATH-RATE-FROM-MATERIAL-fULTIPLIER TABLE
HSL - MATERIAL STANDARD OF LIVING (DIMENSIONLESS)
DRMS - DEATH-RATE-FROM-MATERIAL SENSITIVITY

(DIMENSIONLESS)

1---- .1



DRPM. K=TABLE(DRPIT, POLR. K, 0, 30,5)

DRPMT=.98/1. 1/1.3/1.6/2.1/2.8//4 12. 1,T

DRPM - DEATH-RATE-FROM-POLLUTION MULTIPLIER
(DIMENSIONLESS)

DRPMT - DEATH-RATE-F ROM- PO LLUT ION-MULT I PL I ER TABLE
POLR - POLLUTION RATIO (DIMENSIONLESS)

-DRFtI. K=TABH L(DRFMT, FR. K, 0,2,. 25) 13, A

DRFMT=30/3/2/1. 4/1/. 7/. 6/. 5/.5 13.1,T

DRFM - DEATH-RATE-FROM-FOOD MULTIPLIER
(DIMENS IONLESS)

DRFMT - DEATH-RATE-FROM-FOOD-MULTIPLIER TABLE
FR - FOOD RATIO (DIMENSIONLESS)

DRCI.=TABLE(DRCMT,CR. K,0,5, 1) 14, A

DRCtiT=1/1. 1/1. 3/1.6/ 2. 1/3 14.1,T

DRCM - DEATH-RATE-FROM-CROWDING MULTIPLIER
(DIMENSIONLESS)

DRCMT - DEATH-RATE-FROtI-CROWD ING-MIULTIPLIER TABLE
CR - CROWDING RATIO (DIMENSIONLESS)

CR. K= (P. K)/(LA*PDN) 15,A

LA=135E6 15.1,C

PDN=26. 5 15. 2, C

CR - CROWDING RATIO (DIMENSIONLESS)
P - POPULATION (PEOPLE)
LA - LAND AREA (SQUARE KILOMETERS)
PDN - POPULATION DENSITY NORMAL (PEOPLE/SQUARE

KILOMETER)

-RCM.K=TABLE(BRCtiT,CR. K,O, 5,1) 16,A

LRCMT=1/.95/.8/.7/.65/.65 16.1,T

BRCM - BIRTH-RATE-FROM-CROWDING MULTIPLIER
I(DIMENSIONLESS)

BRCMT - BIRTH-RATE-FROM-CROWDING-MULTIPLIER TABLE
CR - CROWDING RATIO (DIMENSIONLESS)

12,. A



U

17.. A

BRFMT=0/1/1. 6/1. 9/2 17. 1,T

BRPM - BIRTH-RATE-PROM-FOOD MULTIPLIER
(D IMENS I ONLESS)

BRFMT - BIRTH-RATE-FROM-FOOD-MULTIPLIER TABLE
FR - FOOD RATIO (DIMENSIONLESS)

'-BRPM. K=TABLE((BRPMT, POLR. K, 0, 30, 5) 18,A

BRPMT=1/.97/.92/. 82/. 72/.6/.4 18.1,T

BRPM - BIRTH-RATE-PROM-POLLUTION MULTIPLIER
(DIMENS IONLESS)

BRPMT - BIRTH-RATE-FROM-POLLUTION-MULTIPLIER TABLE
POLR - POLLUTION RATIO (DIMENSIONLESS)

FR.K=(FPCLK)(FCM )(FPM.K) 19, A

FR - FOOD RATIO (DIMENSIONLESS)
FPCI - FOOD POTENTIAL FROM CAPITAL INVESTMENT

(D IMENS I ONLESS)
FCM - FOOD-CROWDING MULTIPLIER (DIMENSIONLESS)
FPM - FOOD-FROM-POLLUTION MULTIPLIER

(DIMENSIONLESS)

FCM.K=TABLE(FCMTCR.K, 0, 5,1) 20, A

FCMT=2. 4/1/.6/. 4/.3/.2 20. 1, T

FCM - FOOD-CROWDING MULTIPLIER (DIMENSIONLESS)
FCMT - FOOD-CROWDING-MULTIPLIER TABLE
CR - CROWDING RATIO (DIMENSIONLESS)

FPCI.K=TABEiL(FPCIT,CIRA.K, 0,6, 1) 21,A

FPCI T=. 5/l/1. 4/1. 7/1.9/2. 05/ 2. 2 21. 1,.T

FPCI - FOOD POTENTIAL FROM CAPITAL INVESTMENT
(D IMENSI ONLESS)

FPCIT - FOOD-POTENT IAL-FROM-CAPITAL-INVESTMENT
TABLE

CIRA - CAPITAL INVESTMENT RATIO IN AGRICULTURE
(CAPITAL UNITS/PERSON)

BRFM.K=TABIIL(BRFMT,FR.K,0, 4,1)

U



CIRA.K=(CIR.K)(CIAF.K)/CIAFN

CIAFN=. 3 22. 1,C

CIRA - CAPITAL INVESTMENT RATIO
(CAPITAL UNITS/PERS0N)

CIR - CAPITAL-INVESTMENT RATIO
PERSON)

CIAF - CAPITAL-INVESTMENT-IN-AGR
(DIMENSIONLESS)

CIArN - CAPITAL-INVESTMENT-IN-AGR
NORMAL (DIMENSIONLESS)

IN AGRICULTURE

(CAPITAL

I CULTURE

ICULTURE

UNI TS/

FRACTION

FRACTION

SCIR. K=Cl . K/P. K

CIR - CAPITAL-INVESTMENTI
PERSON)

CI - CAPITAL INVESTMENT
P - POPULATION (PEOPLE)

'-CI.K=CI.J+(DT)(CIG.JK-CID.JK)

CI=CI I

CI =. 4E9

CI
CIG

CID

CI I

RATI0 (CAPITAL UNITS/

(CAPITAL UNITS)

24, L

24. 1, N

24. 2,C

- CAPITAL INVESTMENT (CAPITAL UNITS)
- CAPITAL-INVESTMENT GENERATION (CAPITAL

UNITS/YEAR)
- CAPITAL-INVESTMENT DISCARD (CAPITAL UNITS/

YEAR)
- CAPITAL INVESTMENT, INITIAL (CAPITAL UNITS)

CIG.KL=(P.K)(CIPC.K)(CLIP(CIGC,CIGC1,SWT4, TIME. K) )

CIGC=1

CIGC1=1

SWT4=1970

25, R

25. 1,C

25. 2,C

25. 3, C

- CAPITAL-INVESTMENT GENERATION
UNITS/YEAR)

P - POPULATION (PEOPLE)
CIPC - CAPITAL INVESTMENT PER CAPITA

UNITS/PERSON/YEAR)
CIGC - CAPITAL-INVESTMENT-GENERATION

(DIMENSIONLESS)
CIGCl - CAPITAL-INVESTMENT-GiENERATION

NO. 1 (DIME1SIONLESS)
SWT4 - SWITCH TIME NO. 4 FOR CIGC (Y

(CAPITAL

(CAPITAL

COEFFICIENT

COEFFICIENT

EARS)

23, A

0

CIG

22 ,A



- CIPC.K=TABHL(CIPCTHSL.K,,5,1) 2651

CIPCT=.005/.05/. 09/.12/.14/.15

CIPC - CAPITAL INVESTMENT PER CAPITA (CAPITAL
UNITS/PERSON/YEAR)

CIPCT CAPITAL-INVESTMENT-PER-CAPITA TABLE
MSL - MATERIAL STANDARD OF LIVING (DIMENSIONLESS)

CID.KL=(CI.K)(CLIP(CIDtbClDN1,SWTs,TTItE.K))

CIDN=. 025

CIDN1=. 025

SWTS=19 70

CID - CAPITAL-INVESTMENT DISCARD
YEAR)

CI - CAPITAL INVESTMENT (CAPITA
CIDN - CAPITAL-INVESTMENT DISCARD

(FRACTI ON/YEAR)
CIDNi - CAPITAL-INVESTMENT DISCARD

(FRACT I ON/YEAR)
SWT5 - SWITCH TIME NO. 5 FOR CIDN

(CAP I TAL

L UNITS)
NO RMAL

NORMAL NO.

UNITS/

1

(YEARS)

FPM. K=TABLE(F PMT, POLR. K, 0,30,5)

FPMT=1/.95/. 87/. 77/.65/.5/.32

FPM - FOOD-FROM-POLLUTION MULTIPLIER
(DIMENSIONLESS)

FPMT - FOOD-FROM-POLLUTION-tIULTIPLIER TABLE
POLR - POLLUTION RATIO (DIMENSIONLESS)

POLR.K=POL. K/POLS

POLS=3.6E9

POLR - POLLUTION.
POL - POLLUTION
POLS - POLLUTION

RATIO (DIMENSIONLESS)
(POLLUTION UNITS)
STANDARD (POLLUTION UNITS)

POL.K=POL.J+ (DT) (POLG.JK-POLA. JK)

POL=POLI

POL I=. 2E9

POL
POLG
POLA
POLI

POLLUT ION
POLLUTION
POLLUT ION
POLLUTION,

(POLLUTION UNITS)
GENERATION (POLLUTION UNITS/YEAR)
ABSORPTION (POLLUTION UNITS/YEAR)
INITIAL (POLLUTION UNITS)

26. 1, T

27, R

27. 1, C

2 7. 2, C

27. 3,C

0 28, A

28. 1,T

29,A

29. 1,C

30, L

30. 1,

30. 2,C

26,A



POLG.L=(.K)(CLIP(POLN,POLN1,SWT6,TItME.K))(POLCM.K)

POLN=1

POLN1=1

SWT6=1970

POLG - POLLUTION GENERATION (POLLUTION UN
P - POPULATION (PEOPLE)
POLN - POLLUTION NORMAL (POLLUTION UNITS/

YEAR)
POLN1 - POLLUTION] NORMAL NO. 1 (POLLUTIONL

PERSON/YEAR)
SWTG - SWITCH TIME NO. 6 FOR POLN (YEARS)
POLCM - POLLUTION-FROM-CAPITAL MULTIPLIER

(DIMENSIONLESS)

POLCM .K=TABHL(POLCMT,CIR.K,0, 5,1)

.VPOLCMT=.05/1/3/5.14/7. 4/8

POLCII - POLLUTION-FROM-CAPITAL MULTIPLIER
(DIMENSIONLESS)

POLCMT- POLLUTION-FROM-CAPITAL-MULTIPLIER
CIR - CAPITAL-INVESTMENT RATIO (CAPITAL

PERSON)

,PO LA. KL=POL. K/POLAT. K

POLA - POLLUTION ABSORPTION
POL - POLLUTION (POLLUTION
POLAT - POLLUTION-ABSORPTION

ITS/YEAR)

PERSON/

UNITS/

32,A

32. 1,T

TABLE
UNI TS/

33, R

(POLLUTION UNITS/YEAR)
UNITS)
TIME (YEARS)

,POLAT.K=TABLE(POLATT,POLR.K,0,30,5)

POLATT=1/1.4/2.4/3.6/5.2/7.2/10

POLAT - POLLUTION-ABSORPTION TIME (YEARS)
POLATT- POLLUTION-ABSORPTION-TIME TABLE
POLR - POLLUTION RATIO (DIMENSIONLESS)

31, R

31. 1,C

31. 2, C

31. 3, C

34. 1,T



CIAF.K=CIAF.J+(DT/CIAFT)(CFIFR.J*CIQR.J-CIAF.J)

CIAF=CIAF I

CIAF I=.3

CIAFT=15

,CIAF - CAPITAL-
(DIMENS

CIAFT - CAPITAL-
ADJUSTM

CFIFR - CAPITAL
(DIMENS

CIQR - CAPITAL-
(D IMENS

CIAFI - CAPITAL-
INITIA

INVESTMENT-IN-AGRICULTURE FRACTI
SI OtLESS)
INVESTMENT-i N-AGRI CULTURE-FRACT I
ENT TIME (YEARS)
FRACTION INDICATED BY FOOD RATIO
I ONLESS)
INVESTMENT-FROt-i-QUALITY RATIO
IONLESS)
INVESTMENT-IN-AGRICULTURE FRACTI
iL (DIMENSIONLESS)

\_CFI FR. K=TABLE(CFI FRT, FR. K, 0, 2,.5)

CF I FRT=1/.6/. 3/.15/.1

CFIFR - CAPITAL FRACTION INDICATED BY FOOD RATIO
(DIMENSIONLESS)

CFIFRT- CAPITAL-FRACTIO N-INDICATED-BY-FOOD-RATIO
TABLE

FR - FOOD RATIO (DIMENSIONLESS)

-QL. K=(QLS) (QLM. K) (QLC. K) (QLF. K) (QLP. K)

ON

ON

ON,

36, A

36. 1, T

37, S

QL
QLS

Q L4

QLC

QLF
QLP

- QUALITY OF LIFE (SAT
- QUALITY-OF-LIFE STAN[

UNITS)
- QUALITY OF LIFE FROM

(D IMENS I ONLESS)
- QUALTIY OF LIFE FROM

(DIMENSIONLESS)
- QUALITY OF LIF E FROM
- QUALITY OF LIFE FROM

(DIMENSIONLESS)

ISFACTION UNITS)
DARD (SATISFACTION

MATERIAL

CROWDING

FOOD (DIMENSIONLESS)
POLLUTION

QLM. K=TABUL (QLMT, MSL. K, 0, 5, 1)

QLMT=. 2/1/1. 7/2. 3/2. 7/2.9

QLM - QUALITY OF LIFE FROM MATERIAL
(DIMENS IONLESS)

QLMT - QUALITY-OF-LIFE-FROM-MATERIAL TABLE
MSL - MATERIAL STANDARD OF LIVING (DIMENSIONLESS)

35-. I f!

35. 2.,C

35.3,C

QLS=1 37. 1,C

38, A

38. 1,T

3 SL



QLC.K=TABLE(QLCTCR.K,0,5,.5) 39,A

QLCT-2/1.3/1/.75/.55/.45/.38/.3/.25/.22/.2 39.1,T

QLC - QUALTIY OF LIFE FROM CROWDING
(DIMENSIONLESS)

QLCT - QUALITY-OF-LIFE-FROM-CROWiDiNG TABLE
CR - CROWDING RATIO (DIMENSIONLESS)

. QLF.K=TABHL(QLFTFR.K,0,4, 1) 40,A

QLFT=O/1/1.8/2. 4/2.7 40.1,T

QLF - QUALITY OF LIFE FROM FOOD (DIMENSIONLESS)

QLFT - QUALITY-OF-LIFE-FROM-FOOD TABLE

FR - FOOD RATIO (DIMENSIONLESS)

QLP.K=TABLE(QLPTPOLR. K, 0,30,5) 41,A

QLPT=1.1/1/.88/.71/.55/.35/.12 41.1,T

QLP - QUALITY OF LIFE FROM POLLUTION
(DIMENSIONLESS)

QLPT - QUALITY-OF-LIFE-FROM-POLLUTION TABLE
POLR - POLLUTION RATIO (DIMENSIONLESS)

NRMM. K=TABHL(NRMMT,MSL. K,0,10,1) 42,A

NRMMT=0/1/1.8/2.4/2.9/3.3/3.6/3.8/3.9/3.95/4 42.1,T

NRMM - NATURAL-RESOURCE-FROM-MATERIAL MULTIPLIER
(DIMENSIONLESS)

NRMMT - NATURAL-RESOURCE-FROM-tATERIAL-4ULTIPLIER
TABLE

MSSL - MATERIAL STANDARD OF LIVING (DIMENSIONLESS)

CIQR.K=TABHL(CIQRT,QLM.K/QLF.K,0,2,.5) 43,A

CIQRT=. 7/. 8/1/1. 5/2 43.1,T

CIQR - CAPITAL-INVESTMENT-FROM-QUALITY RATIO
(DIMENSIONLESS)

CIQRT - CAPITAL-INVESTMENT-FROM-QUALITY-RATIO TABLE

QLM - QUALITY OF LIFE FROM MATERIAL
(DIMENSIONLESS)

QLF - QUALITY OF LIFE FROM FOOD (DIMENSIONLESS)

* A ~-
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CI C Capital investment (capital units)

CIAF A Capital-investment-in-agriculture fraction (dimensionla
-CR R Crowding ratio (dimensionless)
FR F Food ratio (dimensionless)

PAGE 2 WORLD1-7/5-1 WORLD DYNAMICS 1 07/10/70 1519.4 MSL M Material standard of living (dimensionless)

NR N Natural resources (natural resource units)

CEGC P P Population (people)
PRESENT .5 POLR 2 Pollution ratio (dimensionless)

ORIGINAL 1. QL Q Quality of life (satisfaction units)

QLM L Quality of life from material (dimensionless)
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PAGE 5 WORLD1-7/5-2
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POLR 2
QL Q

QLM L

Capital investment (capital units)
Capital-investment-in-agriculture fraction (dimensionless)
Crowding ratio (dimensionless)
Food ratio (dimensionless)
Material standard of living (dimensionless)
Natural resources (natural resource units)
Population (people)
Pollution ratio (dimensionless)
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Quality of life from material (dimensionless)
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C1 C Capital investment (capital units)
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FR F Food ratio (dimensionless)

MSL M Material standard of living (dimensionless)
NR N Natural resources (natural resource units)
P P Population (people)

POLR 2 Pollution ratio (dimensionless)
QL Q Quality of life (satisfaction units)

QLM L Quality of life from material (dimensionless)
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CI C Capital investment (capital units)
CIAF A Capital-investment-in-agriculture fraction (dimensionle

CR R Crowding ratio (dimensionless)
FR F Food ratio (dimensionless)

MSL M Material standard of living (dimensionless)

PAG 13 WOR~l-/5- WOLDDYNMIC 1 7/1/70 151.4NR N Natural resources (natural resource units)

PAG 13WOLD17/L# ORL DNAMCS1 0/1070151.4P P Population (people)
POLR 2 Pollution ratio (dimensionless)

BRN QL Q Quality of life (satisfaction units)

ORIGINAL 25.A QLM L Quality of life from material (dimensionless)
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Food potential from capital investment
vs. capital investment ratio in agriculture
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World Model: Definition of Terms

WORLD DEF 07/19 1429.8

* DEFINITIONS FOR WORLD DYNAMICS MODEL

BR BIRTH RATE (PEOPLE/YEAR)
BRCM BIRTH-RATE-FROM-CROWDING MULTIPLIER (DIMENSIONLESS)

BRCMT BI-RTH-RATE-FRO-CROWDING-MULTIPLIER TABLE

BRFM BIRTH-RATE-FROM-FOOD MULTIPLIER (DIMENSIONLESS)
BRFMT BIRTH-RATE-FROM-FOOD-MULTIPLIER TABLE
BR 1,1 11 BIRTH-RATE-FROM-MATERIAL MULTIPLIER (DIMENSIONLESS)

BRrI4MT BIRTH-RATE-FROM-MATERIAL-MULTIPLIER TA-BLE

BRMS BIRTH-RATE-FROM-MATERIAL SENSITIVITY (DIMENSIONLESS)

BRN BIRTH RATE N"ORMAL (FRACTION/YEAR)
BRN1 BIRTH RATE NORMAL NO. 1 (FRACTION/YEAR)
BRPM BIRTH-RATE-FROM-POLLUTION MULTI'FLIER (DI-MENSIONLESS)
BRPMT BIRTH-RATE-FROM-POLLUTION-MULTIPLIER TABLE

CFIFR CAPITAL FRACTION INDICATED.BY FOOD RATIO (DIMENSIONLESS)

CFIFRT CAPITAL-FRACTION-.INDICATED-BY-FOOD-RATIO TABLE

CI CAPITAL INVESTMENT (CAPITAL UNITS)

CIAF CAPITAL-INVESTMENT-IN-AGRICULTURE FRACTION (DIMENSIONLESS)

CIAFI CAPITAL-INVESTMENT-IN-AGRICULTURE FRACTION, INITIAL (DIMENSIONLESS

CIAFN CAPITAL-INVESTMENT-IN-AGRICULTURE FRACTION NORMAL (DIMENSIONLESS)

CtAFT. CAPITAL-INVESTMENT-IN-AGRICULTURE-FRACTION ADJUSTMENT T-IME (YEARS)

CID CAPITAL-INVESTMENT DISCARD (CAPITAL UNITS/YEAR)

CIDN CAPITAL-IfWESTMENT DISCARD NORMAL (FRACTION/YEAR)

CIDN1 CAPITAL-INVESTMENT DISCARD NORMAL NO. 1 (FRACTION/YEAR)

CIG CAPITAL-INVESTMENT GENERATION (CAPITAL UNITS/YEAR)

CIGC CAPITAL-INVESTMENT-GENERATION COEFFICIENT (DIMENSIONLESS)

CIGC1 CAPITAL-INVESTMENT-GENERATION COEFFICIENT NO. 1 (DI-MENSIONLESS)

CII CAPITAL INVESTMENT, INITIAL (CAPITAL UNITS)

CIPC CAPITAL INVESTMENT PER CAPITA (CAPITAL UNITS/PERSON/YEAR)

CIPCT CAPITAL-INVESTMENT-PER-CAPITA TABLE
CIQR CAPITAL-INVESTMENT-FROM-QUALITY RATIO (DIMENSIONLESS)

CIQRT CAPITAL-INVESTW:JENT-FROM-QUALITY-RATIO TABLE

CIR CAPITAL-INVESTMENT RATIO (CAPITAL UNITS/PERSON)
CIRA CAPITAL INVESTMENT RATIO IN AGRICULTURE (CAPITAL UNITS/PERSON)

CR CROWDING RATIO (DIMENSIONLESS)
DR DEATH RATE (PEOPLE/YEAR)
DRCM DEATH-RATE-FROM-CROWDING MULTIPLIER (DIMENSIONLESS)
DRCMT DEATH-RATE-FROM-CROWDING-MULTIPLIER TABLE

DRFM DEATH-RATE-FROM-FOOD MULTIPLIER (DIMENSIONLESS)
DRFMT DEATH-RATE-FROM-FOOD-MULTIPLIER TABLE
DRMM DEATH-RATE-FROM-MATERIAL MULTIPLIER (DIMENSIONLESS)
DRMMT DEATH-RATE-FROM-MATERIAL-MULTIPLIER TABLE
DRMS DEATH-RATE-FROM-MATERIAL SENSITIVITY (DIMENSIONLESS)
DRN DEATH RATE NORMAL (FRACTION/YEAR)
DRN1 DEATH RATE NORMAL NO. 1 (FRACTION/YEAR)
DRPM DEATH-RATE-FROM-POLLUTION MULTIPLIER (DIMENSIONLESS)
DRPMT DEATH-RATE-FROM-POLLUTION-MULTIPLIER TABLE

ECIR EFFECTIVE-CAPITAL-INVESTMENT RATIO (CAPITAL UfITS/PERSON)

FCM FOOD-CROWDING MULTIPLIER (DIMENSIONLESS)
FCMT FOOD-CROWDING-MULTIPLIER TABLE
FPCI FOOD POTENTIAL FROM CAPITAL INVESTMENT (DIMENSIONLESS)

FPCIT FOOD-~POTENTIAL-FROM-CAPITAL-INVESTMENT TABLE
FPM FOOD-FROM-POLLUTION MULTIPLIER (DIMENSIONLESS)
FPMT FOOD-FROM-POLLUTION-MULTIPLIER TABLE
FR FOOD RATIO (DIMENSIONLESS)
LA LAND AREA (SQUARE KILOMETERS)
MSL MATERIAL STANDARD OF LIVING (DIMENSIONLESS.)
MSLN MATERIAL STANDARD OF LIVING NORMAL (CAPITAL UNITS/PERSON)
fiR NATURAL RESOURCES (NATURAL RESOURCE UNITS)
NREM NATURAL-RESOURCE-EXTRACTION MULTIPLIER (DIMENSIONLESS)
NREMT NATURAL-RESOURCE-EXTRACTION-MULTIPLIER TABLE
NRFR NATURAL-RESOURCE -FRACTION REMAINING (DIMENSIONLESS)
INRI NATURAL RESOURCES, INITIAL (NATURAL RESOURCE UNITS)
NRMMi NATURAL-RESOURCE-FROM-MATERIAL MULTIPLIER (D:IMENSIONLESS)
1IRMMT ATrJRAL-RESOURzCE-FROM-MATEf' IAL-M'JLTIPL.IFR TABLE



$

NRUN NATURAL-RESOURCE USAGE NORMAL (NATURAL RESOURCE UNITS/PERSON/YEAR)
NRUN1 NATURAL-RESOURCE USAGE NORMAL NO. 1 (NATURAL RESOURCE UNITS/PERSOj/,
NRUR NATURAL-RESOURCE-USAGE RATE (NATURAL RESOURCE UNITS/YEAR) YEAR)P POPULATION (PEOPLE)
PDN POPULATION DENSITY NORMAL (PEOPLE/SQUARE KILOMETER)
Pi POPULATION, INITIAL (PEOPLE)
POL POLLUTION (POLLUTION UNITS)
POLA POLLUTION ABSORPTION (POLLUTION UNITS/YEAR)
POLAT POLLUTION-ABSORPTION TIME (YEARS)
POLATT POLLUTION-ABSORPTION-TIME TABLE
POLCM POLLUTION-FROM-CAPITAL .IULTIPLIER (DIMENSIONLESS)
POLCMT POLLUTION-FROM-CAPITAL-MULTIPLIER TABLE
POLG POLLUTION GENERATION (POLLUTION UNITS/YEAR)
POLI POLLUTION, INITIAL (POLLUTION UNITS)
POLN POLLUTION NORMAL (POLLUTION UNITS/PERSON/YEAR)
POLN1 POLLUTION NORMAL NO. 1 (POLLUTION UNI.TS/PERSON/YEAR)
POLR POLLUTION RATIO (DIMENSIONLESS)
POLS POLLUTItN STANDARD (POLLUTION UNITS)
QLC QUALTMY OF LIFE FROM CROWDING (DIMENSIONLESS)
QLCT- QUALITY-OF-LIFE-FROM-CROWJDING TABLE
QLF QUALITY OF LIFE FROM FOOD (DIMENSIONLESS)
QLFT QUALITY-OF-LIFE-FROM-FOOD TABLE
QL QUALITY OF LIFE (SATISFACTION UNITS)
QLM QUALITY OF LIFE FROM MATERIAL (DIMENSIONLESS)
QLMT QUALITY-OF-LIFE-FROM-MATERIAL TABLE
QLP QUALITY OF LIFE FROM POLLUTION (DIMENSIONLESS)
QLPT QUALITY-OF-LIFE-FROM-POLLUTION TABLE
QLS QUALITY-OF-LIFE STANDARD (SATISFACTION UNITS-)
SWT1 SWITCH TIME NO. 1 FOR BRN (YEARS).
SWT2SWITCH TIME NO. 2 FOR NRUN (YEARS)
SWT3 SWITCH TIME NO. 3 FOP, Drfd (YEARS)
SWT4 SWITCH TIME NO. 4 FOR CIGC (YEARS)
SWT5 SWITCH TIME NO. 5 FOR CIDN (YEARS).
SWT6 SWITCH TIME NO. 6 FOR POLN (YEARS)
R 3.933+1.616

II
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DESCRIPTION OF WORLD2 MODEL RUNS

CHAPTER 6

WORLD2-STD. S

This is the standard computer run from the WORLD2 model. The "S" suffix

indicates that the plot card has been changed to give predetermined plotting

scales and is done so that the curves can be more easily compared. The

standard computer run shows a peak in population at about year 2030 and

gradual decline thereafter. The population decline is occurring because of

the depressing effect of declining natural resources.

It is interesting to note that quality of life reaches its highest point

at 1970. Can this be reasonable considering today's strong worldwide feeling

of distress and disenchantment? Perhaps so. A sense of well-being may be

related more to "progress" and to improvements since the recallable past than

to the absolute level of quality of life. A feeling of malaise could there-

fore occur at the peak of the quality of life curve because little improvement

has been observed in the preceding two decades.

In this standard run, pollution peaks in year 2050 at about 4.5 times the

pollution intensity of 1970. This is not a high enough value for pollution to

enter importantly into the overall dynamic behavior.

Copyright c) 1970

Jay W. Forrester



CI C Capital investment (capital units)
CIAF A Capital-investment-in-agriculture fractioi

CR R Crowding ratio (dimensionless)
FR F Food ratio (dimensionless)

MSL M Material standard of living (dimensionles
NR N Natural resources (natural resource units
P P Population (people)

POLR 2 Pollution ratio (dimensionless)

QL Q Quality of life (satisfaction units)
QLM L Quality of life from material (dimensionl
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WORLD2-6S

This computer run is again the standard model but with a compressed

time scale showing a period from 1900 to 2300. The natural resource

consumption continues to depress the effectiveness of capital and causes

a gradually declining material standard of living. This increases the

death rate and brings most characteristics of the system in 2300 back to

about the values of year 1900.

2



CI C Capital investment (capital units)
CIAF A Capital-investment-in-agriculture fraction

CR R Crowding ratio (dimensionless)
FR F Food ratio (dimensionless)

PAGE 10 WORLD2-6S WORLD DYNAMICS W2 08/09/70 1132.3 MSL M Material standard of living (dimensionless)
NR N Natural resources (natural resource units)

LENGTH PLTPER P P Population (people)
PRESENT 2300. 4 POLR 2 Pollution ratio (dimensionless)

ORIGINAL 2100. 2. QL Q Quality of life (satisfaction units)
QLM L Quality of life from material (dimensionles
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WORLD2-5S

In this computer run we explore the effect of reducing the birth rate

normal coefficient BRNl from 0.045 to 0.035 at the year 1970. There is a

slowing of the population growth from 1970 until 1990, and then we see

that population curves upward again. Peak population in the year 2040 is

only slightly less than in the standard run. Around the year 2000, both

food ratio and the material standard of living are slightly higher than in

the standard run. Quality of life reaches a peak at the year 2000 and

then declines. The rising food ratio and material standard of living

appear to account for the resumption in population growth which begins to

move upward again after 1990.

3
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WORLD2-4S

In this computer run the capital investment generation coefficient CIGC

has been increased from its original value of 1 to a value of 1.2 in 1970.

This means that, all other things being equal, the capital investment gener-

ation is increased 20% above its previous value. In this computer run the

pollution scale has been changed and runs from 0 to 80 instead of the previous

range of 0 to 8. The increased rate of capital investment pushes up the

material standard of living, causes the food ratio to rise slightly above that

in the standard computer run and causes the population to reach a slightly

higher peak in the year 2020. The most conspicuous change, however, is the

slight increase in capital investment which causes rising pollution genera-

tion and results in overloading the pollution absorption capability of the

system. As the total pollution in the system rises, the pollution absorption

time from Equation 34 increases and slows down the pollution clean-up

processes. Pollution rises precipitously between years 2020 and 2050. This

depresses the food ratio, and greatly influences the quality of life from

pollution. The effects of pollution and reduced food act to reduce the birth

rate and increase the death rate in sufficient degree to cause a collapse of

world population from a peak in year 2020 to a minimum of less than one-fourth

as much in the year 2070.

In effect this is a dynamic model equivalent of the ecological crisis

which is often discussed in the public press. It might occur through ocean

pollution which could affect water evaporation, weather, and photosynthesis.

This computer run raises a question about industrialization and its

future trends. The world environment may not be able to cope with the

pollution which would be generated by the present world population if all

of that population reached a level of industrialization comparable to

that in Europe and North America.

Should there be a pollution crisis which cuts severely into food produc-

tion, as well as directly affecting birth and death rates, one can speculate

on which societies will be most affected. Is it not possible that the

industrialized nations with their large cities and their high degree of

inter-connectedness may be the most vulnerable victims of their own industri-

alization. In other words, if a population decrease should occur, it might

strike unevenly the various world populations and might touch less severely

on those societies which have not reached a high degree of industrialization.
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WORLD2-21S

In this computer run we retain the increased capital investment accumu-

lation from Run 4S. In addition in 1970, the birth rate normal coefficient

BRN1 is reduced from 0.045 to 0.025. This is a severe reduction in normal

birth rate, and leads to almost constant population between 1970 and 1990.

Thereafter, population turns up again slightly.

But we see that even this substantial reduction in birth rate does not

forestall the pollution crisis which was seen in Run 4S. Capital accumu-
lation in the year 2020 is about the same as in Run 4S. Pollution is here

again plotted on a scale of 0 to 80. Pollution generation is also about the
same as in Run 4S.

With respect to future problems of environmental pollution, we begin to

suspect that industrialization is more fundamental than population. A

highly industrialized society creates many times the pollution per capita

of a non-industrialized society. Furthermore, industrialization tends to

push up population and population density. Industrialization here includes

hospitals, medical care, and all other aspects of society which sustain

large population densities.

This computer run raises questions about population control as a funda-

mental process for insuring a future world equilibrium. If reduced birth

rate could be inaugurated under present world conditions, the resulting

increase in industrialization per capita, food per capita, and quality of

life, would in turn reduce the apparent pressure for controlling population,

and would put upward pressure on birth rate oncemore. So, a control of

birth rate tends to defeat itself by reducing the pressures which make birth

control seem to be necessary.

But even more important, should population actually be stabilized, a

rising industrialization might itself be sufficient to bring the environ-

mental forces to a crisis overload.
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WORLD2-12S

In this run the natural resource usage normal NRUN1 has been reduced,

other things being equal, to 25% of its previous value in the year 1970.

This is equivalent to assuming that recycling of waste and new techno-

logical advances will reduce the seriousness of declining natural

resources. This computer run should be compared with the standard run

and also with Run 4S. We see that declining natural resources no longer

depress population. Instead, population and capital investment continue

to rise until the environmental crisis arising from pollution again

reasserts itself. The pollution scale here is again 0 to 80. Results

are very similar to Run 4S.

6
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WORLD2-27S

Here we combine the conditions of Runs 12S and 4S. This means that

capital investment is increased 20% and natural resource usage is reduced

to one quarter in the year 1970. The effect is to precipitate the

environmental crisis about twenty years earlier than in Run 4S. We see

that any combination which allows population and capital investment to

increase without first'being checked by falling natural resources or by

crowding will lead into system collapse through rising pollution.
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WORLD2-22S

In this run we examine a reduction in pollution generation rate along

with the conditions of Run 27S. Here in 1970, three changes have been

made. Capital investment generation is increased 20% and natural resource

usage is reduced to one quarter of its previous rate as in Run 27S. In

addition, pollution generation POLNi has been reduced from 1 to 0.5.

Compared with Run 27S, we see that the reduced pollution generation allows

population to rise longer before the collapse occurs. With a smaller rate

of pollution generation, other things being equal, population and capital

investment continue to rise until environmental overloading again occurs.

Here, the peak population occurs about thirty years later than in Run 27S.

In 1970, the usage rate of natural resources was substantially reduced

and we see that the natural resource curve levels slightly at that time.

However, as population and capital investment both continue to rise, the

natural resource usage rate is pushed upward again by sheer magnitude of

consumption rate and, by the year 2100, the natural resource level has

fallen lower than in the standard computer run. Again, we see the

self-defeating effect of many policy changes in complex systems. A reduced

natural resource usage rate allows population and capital investment to

rise far enough to compensate for the reduced consumption, other things

being equal. In other words, other things are not equal. The changed

propensity to consume raises the consuming population and related industri-

alization.

Assembly Instructions: These pages to be interleaved
with the corresponding WORLD2
computer runs.
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