
This is a brief summary of the book Limits
to Growth, which is the first report for the
Club of Rome's Projcct on the Predicament of
Mankind. This international, interdisciplinary
group construed a mathemnatical simulation of
the world systcm and attempted ta predict its
behavior. There arc many criticîsms that can be
made about this, based upon the fact that there
is a generai lack of dctailed knowledge of
several relationships whîch affect stability.

For example, the biggest problcm with the
M IT model derives from the fact that the
model does not incorporate surprises into its
structure. This criticism of thc surprise-frce
model first raised by Herman Kahn mentions
that most models are formulated using basic
scientific premises, including the idea that effect
always precedes cause in a basically linear form.

The linear aspect of cause and cffect may be
observable in simple science but when you start
ta consider the wholc complex'interrelationships
occurring within society, you rarcly observe a
simple cause-effect relationship. In social
systems causc and effect become intertwined
and non-linearly rlated.

Also cntering into cause and effect are the
inevitable feedback mechanisms >operating in al
dynamic systems. It is these feedbacks which
causc the unpredictability because of the-
unavoidable delays and time lags which aperate
within the system.

Aithough the model incarporates these
fccdbacks, it cannot, by nature of its being a
predictive model based on predetcrmined
fac tors, ever incorporate the surprise factor.
Such major surprises as wars, large famines, ncw
encrgy discaveries, and new technalagy advanccs
cannot be incorporated

The model is also too simple because it deals
with the world as a whale instead of dividing it
into 2 or possibly 3 separate sections. At the
vcry least a 2part model with varying inputs
for undcrdevelopcd and developcd cauntries
would increase its value trcmendausly.

H owevc r, th is r e paort i s the mast
comprehensive study donc ta date, bascd upon
sound ecological principles. It is therefore
worthwhilc ta examine.
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"The king's entire rice supply was exhausted
long before he reached thc sixty-fourth square."

A 1French i rddie tor cflldren illustrates
another aspect of exponential growth - the
apparent suddenness with which it approaches a
fixed limit.

Suppose you own a pond on which a water
lily is growing. The lily plant doubles in size
each day. If the lily were allowed to grow
unchecked, it would completely cover the pond
in 30 days, choking off the other forms of life
in the water.

For a long time the lily plant seems small,
and so you decide not to worry about cutting
it back until it covers haîf thc pond.

On what day will that be? On the
twenty.ninth day, of course. You have one day
to save your pond.
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Perhaps the alarm manitested by many
concerned people around this globe is more
clear when you cansider this process is also
occurring with our population, our resource use,
and aur pollution.

Coal is a very abundant resource. We have a
reserve of 2700 years at present rate of useage.
But, (here's that exponential growth again) at
3.6% increase in energy use per year our coal
will be gonc in 220 years. And if the whole
world (not just the developed cauntries) were
using coal at this rate, aur reserves would 'be
depleted in 37 years.

The Club of Rame has concludcd that the
problcm we are facing is one af extreme
urgency requiring an al-out global effort ta
prevent disaster.

Their appraach was ta first canstruct a world
model af the relationships we have with aur
environment and the social and economic
demands we are making on these relationships.
With the model they hoped ta predict the
general behavior of this entire system.

At the same time they would be able ta
study the effect af altering aur demands (eg. a
reduction in pollution) and hence suggest
possible changes in policy and/or needed
technological advances, ta achieve stability.

It must be remembered that these predictions
are not accurate in terms of numbers and
specific values but rather are attempts ta
understand the system's behavior. To calculate
such numbers (eg. exactly how much chromium
will be left in reserves in 1997) would require
complete knowledge of ail world factors;
something that has not yet been donc. As more
information is obtained the predictions will
understandably become more accurate.

Thc world model that was constructed,
includes every factor that was considered ta
have an effect, ither direct (eg. foad per
capita) or indirect (eg. agricultural capital), an
the world's population and life style. An
illustration af how these cause and effect
relationships were used in the model appears in
Figure 1.

The actual model, as its purpose necessitates,
is much more, complicatcd and will be
presented in detail More information on the
actual set up of the model can bc found in the
books Limits to Growth and Worid Dynamics.

Whcn the world model was sufficicntly
complete. ta be able ta predict the system's
general behavior, it was programmed into a
computer. The first assumption was that ail
present relationships and growth rates remain
unchanged.

The result is shown in Figure 2. Stability was
completely disrupted and the world system
coilapsed.

Their next step was ta alter the causal
relationships by assuming various technological
and social advances in an attempt ta attain a
stable world system. Figure 3 illustrates the

[euUIlts I tasumptiuris wIicfl have bOC.en brieiiy
summarized below

1 ) The birth rate is set equal to the death
rate of 1975 to produce a stable population.

2) The growth of industrial capital (the
amount of new money invested in industrial
activities) is halted in 1990 which allows the
industrial output per capita to rise to three
times the present world average.

3) In 1975 technological advances enabling
the recycling of non-renewablc resources, a
reduction in pollution, an increase ini
agricultural productivity and an increase in the
durability of products are introduced.

4) Society accepts value changes in terms of
a greater emphasis on foods and services rather
than consumption of industrial products.
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It should be noted that they found that the
failure to introduce any of the above
technological or social changes leads to
environmental instability and collapse of the
world system.

As an illustration, Figure 4 shows the result
of not halting the growth of industrial capital.
The stable situation cannot be maintained and
the whole system eventually collapses.

The Club of Rome next considered the effect
of dclaying action until the year' 2000. The
resuit is shown in Figure 5, Stability cannot be
reached because of the damage already done to
our environment.

But note that the values from these Figures
are n ot necessarily accurate numerical
predictions, but rather suggest the general
behavior of the systems.

There are severai conclusions we can make
from this study:

1) Because of an inevitable disruption of
stability the world system will collapse if
nothing is changed.

2) To achieve stability we must attain
constant levels of population and industrial
capital, minimum birth, death, investment, and
depreciation rates and minimize the effects of
our culture on our environment.

3) The longer we refuse to recognize the
problems and do something about them, the
fewer options we will have for solving them.

con tinued on page 8
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