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Swings, cycles and the global economy

Economists have so far failed to explain satisfactorily the continuing global recession.
A mathematical mode!l derived from ecology not only
explains how we got into this state, it forecasts how long it will last

Cesare Marchetti

HE PRESENT world economic recession has lasted so
long that not only optimistic forecasts about its duration
have gone wrong, but also the pessimistic ones.

Even the priests of zero growth might begin having qualms
that their prayers have been answered too well. But the inter-
national social and economic “system” is not really sensitive
to prayers. As I will show, it is hard, determined and
disciplined like a sergeant of the Queen. And that means that
it is predictable. This statement condenses what 1 think is the
most important result of a series of analyses, almost a
thousand, that [ have carried out on the dynamics of all sorts
of social and economic structures in Western societies of the
past couple df centuries.

The technique is formally very simple and of high pedigree.
Competition, as Darwin explained, is the creative and regu-
latory agent-of the living world. Vito Volterra (who lived from
1860 to 1940), Professor of Mathematics at the University of
Pisa, and Alfred Lottke, Professor of Physics at Johns Hopkins
University, developed a set of equations in the 1920s to
describe the interactions of populations of predators and their
prey. They not only gave Darwin’s theory a formal dress, but
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the total mumber of innovations in the wave.
msmmwmmmmmmmmjm “prod-
ucts” chasing for ¢ market filling it as it comes. The date
when half the innovations in the bunch have entered the market is

given.

. The increasing steepness shows a “‘focusing” of the waves, the
innovations being inside shorter and shorier periods of
time. The last wave is calculated from the regularities of the first

Fi 3 The upper sinusoid,
a:f;dnazed bv H. B. Stewan, repre-
sents the deviations of total

and electricity consumption in t
United States from a logistic best
fit.They are taken as globa! indi-
cators of the pulsation in socio-
economic aam?',

The lower lines depict the
evolution of the murder index (per
population) and the ratios for
mode and sex. The maximum of
murders is at the cemtre of the
period of recession, just passed at
present, and the minimum ot the
centre of the boom. The W
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in spite of the great complexity of the players and of the
boundary conditions.

. Iat.xt? more oafbaon enginecrthanas%ientlist and [ was drawn
into the game about ten years ago, when I was trying to solve
the desperate problem of ﬁngfng a single rationale to the
long-term dynamics of the energy markets. 1 shunned the
modelling techniques very popular at that time (so pofpular in
fact that no major institution could escape them). I felt they
were leading nowhere. They were, and are, complex and too
arbitrary to catch the essence.

When stuck for an idea, I often try biology for paradigms.
After all, biological systems spent three billion years tramping
into all sorts of problems and finding solutions for them.
Their library of solutions is immense, My hunch was that I
could wvisualise primary sources of energy as species
competing for a niche, the energy market. And so I attempied
10 analyse the changing pattern of energy use in those terms.

The result was striking. A set of logistic solutions of the
Voiterra-Lottke equations fits perfectly the evolution of that
competition for more than a hundred years (Figure 1) at
world level. And it is not the consequence of a one-in-a-
billion chance. With the help of a Volkswagen Foundation
grant, a team at the Intermational Institute for Applied
Systems Analysis (IIASA) near Vienna studied about three
hundred energy subsystems: countries; industries; economic
sectors; and we got results of consistently high quality. The
rudimentary equations were obviously catching an essence.

I like this chart on energy competition for 1ts Keplerian
flavour. But I had problems digesting the messages it carries.
It says in fact the “system™ behaves as if it had a program, a
will and a clock. A dogged will, if one reflects on all that
happened during these hundred years. And a good clock too,
if one looks at the straightness of the lines. It was hard to
swallow, but it implied a potentiai for hard modelling human
affairs, 10 a point where hard (as opposed to soft) forecasts
might be made.

1 have since added hundreds of cases taken from all sorts of
human activities spread in space and time. | am now
analysing the diffusion of the printing industry during the
Renaissance. The mental image and its arithmetic seem to
work in essence.

The development in this approach was in fact dedicated to

Cli nRiag sove gsnblesiy) raised by the initial successes. The

displace the old ones and finally replace them in the market.
But each equation has two parameters which have 1o be
calculated by fitting a string of data. There is no way of telling
when a new primary source of energy will be introduced, and
this ‘is obviously a weakness if we want to use the model
predictively. i .

To solve this second problem I had to make a jump in
abstraction. A new energy source can be seen as a new zech-
nology in the broad sense, enveloping a set of subtechnologies
in search, transport, processing and use. In order to under-
stand the rules that mesh the introduction of a new source of
primary en to general reguiarities in a predictable way,
one has, therefore, to expiore the world of innovations. '

The result of this analysis is reported in Figure 2. What I
did was to take the innmovation “waves” detected by
G. Mensch, then of the Berlin International Institute of
Magpagement, and put them into the logistic straitjacket. The
total number of innovations in a wave 1s assumed as the size
of the “niche” and the cumulative number of them at a
certain date, is the “population™ trying to fill it.

The chart shows a good match. It also shows that the start
of cach wave of innovation sevevx:sn’ o ooincidgc with th_adte:f a
Dew Drimary energy Source. it might be coincidence.
Take 1t or ieave it. But the internal regulanities of the sequence
of waves make the next one predictabie, if this is more than
a coincidence. I have used thus pred;ctabﬂx]? to construct the
last line in the chart, without data points. the prediction is
correct, then nuclear en started at the “right” point in
tirpe. It has also penetral at the leisurely pace of its prede-
cessors, which implies a marke share of six to seven per cent
for the year 2000. At world level.

The chart also shows another interesting feature. The beast
pulsates! It has a period of 55 years, if we take the central
points of the waves. This pulsation turns up in all sorts of data
and I give a glimpse of the range in Figures 3 and 4. It brings
us one step nearer to solving our probiem of the long
rec_rgfion and its evtt_)%_!_nion.3 by H B.S

¢ upper part of Fi was prepared by H. B. Stewart,
of Nuteveo, a computi‘:;e firm in San Diego, California. It
represents the deviations of primary and electric energy
consumption ih the US from the secular trend, best fitted
with a logistic. Because energy is a pervasive input in social
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Natural cycles

THE predator-prey  relationship is
described by the Volterra-Lottke
) equations. When both are scarce, the
population of the prey species can increase rapidly by
reproduction. The predator pepulation then also increases, unl
there are so many predators that the population declines.
This in turn causes the population of ;frgalors to fall, and with
both populations low in numbers the cycle starts again,
The cl gcnﬁglexnb:ol is the pattern of lynx and hare
-4 populations in northern forests. Populatnons of both species fluc-
’ 5 tuate with a cycle of roughly ten years, and the predator (lynx)

popularion curve follows behind the prey (hare) curve. The
relation I;:jtween prey population and predator population is well

Rt wmm cal analyses suggest regular
- ut 0 emati ), oscil-
glaticms, these are found only rarel ﬁamre. because of other
! factors. The equations work even for economics. . - - JG
and there, that society as a whole is subject 10 a cyclicat " -
process with that period. The reason for choosing murders is £ / e L
that they dig deep into social moods. Still moodier is the ratio M VL. YA v . 7 o H
of guns to knives reported on the third line. And they are not - v y
. ripples; the modulation is by a factor of two or three. o 7 canas Rairoass / Paved roads ,” arways 7 L%
Figure 4, on the other hand, tells the happier story of the e - L7
recursive enthusiasms in building transport infrastructures in e vd £ 1%
the US. After the canal mania at the end of the 18th century, 0 o i %9 1950 2000

came the rail mania, and _lhcn paved roads and fma.lly the Fi 4 Evolution of the length of transport mfrmmmg
_a;rfplane. The chart defncts the development of these | US firted with three parameter logistic equations of the type log
infrastructures in terms of actual length, using three parame- | [L{t)/L-L(t)] = at + b where L(t) is the length of the infrastructure
ter logistics for the fit. The third parameter is the “perceived™ |} & time L. The TR‘OI!C length is L, a (spread in time of the
maximum length, used to normalise the plot to the previous | consirucion ﬂ ‘! ”'{"’-‘”‘.‘“"’f} and b (a time_ positioning
two parameter logistics. ?‘{:"’) e o ed by fitting ”!I‘. datz%e . o from 103
Although the data are not always first class, and the Kbt 53;‘,’,%” gf’f_% I-:,”'gl-‘, m‘u”:’d:,o‘ﬁ% per
processes complex and dispersed, the general picture comes S
out fairly crisply. The construction waves have consistently a
time constant {10 per cent to 90 per cent) of about 50 years, 2
and a spacing in time of the same order. So we have detected West Germany
another artery showing the same puise. But why recessions? : 19 (21)
To answer that, I have to take still another step. F France

Saturating the car’s niche T=F | F

The innovations reported in Figure 2 actually show the 107 1 oo%
dates of first commercialisation. They are the “buds™ of the _
industries that expand and flourish later on. To look at this 173 (52) M
part of the process, I studied the penetration of the car in the
world market. The reason for this choice was the availability
of very good statistical time series in a single place, and the |
supposition that one product is as good as another at this level 100 + 50%
of analysis.

This study shows an extreme regularty in the way popu-
lations of cars fill their geographical niches. Like bacteria or
rabbits, these populations grow with perfect logistics to a
saturation point which we can calculate fairly precisely many 10-114 10%
years before it is reached. Furthermore, latecomers like Japan
grow faster, so that finally they all saturate more or less at the
same time: the decade around 1980. It must be clear that the
oil shock of 1973-74 has nothing to do with it, as the rates

_Japun 21(12)

=

)

fraly 20 (22)

were already established in the 1960s. This is shown in 1% )
Figure 5. A further consequence is that this saturation of 10—2 —t—t
the rn:ng(ct cz_mno:h be dug lto the !getchession. 4 1850 2000

At this point, the problems of the car industry become § Te—— P S STy )
suddenly clear. If the car population saturates, the industry |- ¥igwre S Three parameter logistic fit of car populations {registered
can provide replacements only, an intrinsically rigid market, | $7//0r the major countries. The number in parenthesis indicates

b :  the time constant for the population o go from-10 per cent to
Productivity has to increase because workers expect regular £ satural expressed by the-number:
increases in pay, because of competition, and by u'ardcxstion. am per i oleu “;',?, E‘ﬁ;{ ”45 AR
Constant production with increasing productivity means | , A
shedding employees. The industry has consistently followed == =

pattern, throughout the world. A modest 2-per-cent If it were only the car industry that was in trouble, the

HE \ AL\ WA QS OOz . - . N ) . .
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If it were onlv the car industry that was in trouble, the

) problems could easily be mopped up. But, alas, all the

technological buds 1 have studied grow to saturation more of

less a1 the same time. To come out from hardware, I have

investigated another example. It is the tonne-km transporied

by the world's scheduled arlines. It is a service on the grand

scale and it also will saturate during the next decade. The

chart also shows that no dent was inflicted by the two oil

shocks! The homeostasts of these large systems is truly
remarkable,

At this point. 2 consisient interpretation of the present
period of recession emerpes. Innovations are born in bunches.
They grow to fill their niches worldwide, with time constants
in the same range. So they saturate in bunches, generating
progressive reduction in employment and basically a zero
growth in national product. The restart comes through a fresh
bunch of innovations. This is certainly what happened in the
past, as shown in Figure 2. If the next wave calculated there
performs as expected, we are now in the innovative
upswing—but this does not mean the economic upswing: all

these activities are born small, and have to grow substantially . speed e
10 reabsorb unemployment and restart growth in real GNP. | & Use SB Dacagraphics for - yand Qcimomy 296 .

If we take our energy clock for reference (Figure 3), recession We typeset. :print, bind and distribute your stiendiiic Journal s - -
may well last roughly another decade. 3 you want it. when you want it with advicemn ™ - .
3 advertising and journal management.™T L

o Prospects for employment ' g wotars how SE ———

At this point. I cannot escape the duty of offering some and orofit 1o | Pubh EM'.‘«. - z
practical advice, even if I know | am putting my hand in a pleasure — and profit to journal Publishing; X
wasps' pest. If forced to choose, one should better reduce the S ST
oxygen to grandfather in order to procure the vitamins for the
baby. Dismantling spent institutions (as Jong as we hiave the
appropriate social safety nets) is not only cheaper than keep-
ing them, but it liberates 2 human potential that will express
itself into a flurry of pew initiatives.

The classical cure for unemployment is public works. It was
largely used even before Kevnes wrapped 1t into a fashionable
theory. But what kind of public works? The logistic analysis
shows that motorways. for example, have reached the intrin- '
sic saturation level. In other words. the system has got enough newsc.e
gf tl_ixzcm._ But C;m?gl_rgrpund railiways agg 1n great dgénan;il.

erhaps instead of digging tunnels to produce unwanted coal.
miners should dig them 1o host badly needed urban trans- BlNDERs
portation systems. A logistic analysis of coal production from
1700 10 present. which 1 did for Britain. shows that coal You are far less likely {0 misiay a copy of New Scientist when it is bound into 8
mining should disappear there before the end of this century. o handsome volume with a dozen others.

A1l the individual level, people are beginning to realise, Keep your back numbers in New Scientist
once again. that “jobs™ are not stainless sice! pigeon holes, but binders, and you hiave a valuabie encyciopedia of
social configurations, with intrinsic lifetimes. So they come g sciemific discovery Growing on vour bookshedves.
and go and must be continuously reinvented. This invention B Each binder holds 13 copies and costs £5.00
mostly oceurs at the individual level, and every measure that {50p extrs overssas) inclusive of VAT,
helps individual experimenting may help the process. Typi- post and packing.
cally. pari-ime employment or the mobility that may come Complete and post the Coupon DEAOW with your
from wiser housing laws provide the scope for new variations cheque or P0) {payable to New Scientist} i0: Post
10 emerge. Natural selection does the rest. . Haste Direct Mail, Unit 3, Roslin Square, Roskn

The message 1 am trying 10 convey with the help of short Road, Acton, London, W3 BBW, aiowing 28 days
peeps into my background material. is that “the system” has for delivery. 2
a well-defined grain and it is betier not 10 po against it. All the 2
cases ] studied, being a posteriori, are the expression of a
success. The fact that they fit precise equations means the way
10 success is a narrow one. Optimisation, it is well known,
freezes degrees of freedom. The real freedom seems 10 be that
of making mistakes, but it should be used with temperance. e ——

‘The technique I have shown may strongly help to abort the NEW SCIENTIST BINDER ORDER FORM |
unwanted ones. l 1 enclose chegue/PQ payable 10 New SCIeNtist VRILE e
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i, Dr Cesare Marchetti works in the Energy Group at the Intemational
I Insttute for Applied Systems Analysis, 81 Laxenburg in Austria. His I NAME l
| background is in physics, which he studied at the University of Pisa,
and he worked during the 1950s on the 1echnology of heavy water | ADDRESS I
separation. He spent two years as the representative of EURATOM in '
| Canads {1958-61), and worked during the 15605 on problems of |
N | _nuclear reactor design and nuclear waste disposal. Marchetti joined L -
Clibl D AT A/ @y GwEltigate energy Systems and geoengineenng. — e el S E— G — i S—— — — ——
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