
Chapter 24 

Branching out into 
the Universe 

Cesare M archetli 

Work on diffusion models started at IIASA in 1974 when we were searching 
for a solution to the problem of putting some internal logic into the dynamics 
of energy markets (Marchetti, 1975). The problem was formally solved by 
using multiple competition dressed in logistics which are the simplest coder 
for the simplest diffusion process, the epidemic one. 

The immensely complex phenomenon of using energy in various forms 
with all the interfacing of economics, technologies, and politics, and over a 
period of more than 100 years, showed up as a crystalline substitution, i.e., 
a multiple diffusion process (Figure 24.1). The result was a philosophical 
shock to me, because it robbed the process of its contemporaneity. A single 
set of equations, each with an input of only two parameters, was capable 
of describing the whole process even 100 years or more ago. In addition 
the description did not require the notion of money or other economic para­
phernalia. Everything could be reduced to the timing and speed of the 
introduction of each new competitor. All the rest was a consequence, even 
100 years later. Apart from the isolation resulting from the effects of daily 
affairs, the system showed an incredible long-term self-consistency, in spite of 
the continuously changing technical, economic, and political substrate. The 
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Figure 24.1. World primary energy substitution, in fractional shares of pri­
mary energy consumption by source. (Source: Marchetti and Nakicenovic, 
1979.) 

precision of the match discouraged any thoughts that it was a pure coinci­
dence. The next step was in fact the initial branching out into a whole set 
of cases of primary energy substitution, from single countries to electricity 
production, to single industries. 

Altogether we collected about 300 cases (Marchetti and N akicenovic, 
1979), showing that the multiple diffusion process was an unsinkable descrip­
tor of the dynamics of the real world in the energy area. The first branching 
out from energy proper started here, where we were using proxies, like the 
number of diesel versus steam locomotives to pattern the substitution of 
oil versus coal for railway transport, or the amount of coal extracted using 
various technologies, to pattern the competition between these technologies. 
Everything worked very well, and the suspicion was that the methodology 
could be of very broad significance. 

Our ancestors operated in the thirties under the spur of the work of 
Volterra in Italy and Lotka in the USA. Both gentlemen were dealing with 
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biological systems, but there was an overspill of interest for people working 
in the area of economics and sociology. A number of papers appeared, some 
with penetrating insights into the possibility of using logistic analysis to 
map social processes. I still wonder what inhibited an explosion of research 
at that time. Certainly multiple competition or diffusion was not under 
control or even in the minds of these precursors. Nor was the strong effect 
of Kondratieff cycles in single penetration logistics. Nor the frantic hunt 
around the asymptote for certain economic systems. 

My exploration was, however, prudent, choosing contiguous subjects. 
Having a loose consulting contract with FIAT, I was asked to peep into the 
car system. The original stimulus was to see if technological innovations or 
promotional campaigns had an effect on sales and on the ownership of cars. 
The first case that I studied was Italy where I looked at cars in circula­
tion, a statistic more easily available than the one on sales (see, for instance, 
Marchetti, 1983). I was again philosophically shocked. The diffusion runs 
with an astonishing stability and precision, insensitive to any initiative com­
ing from the industry or sudden changes in economics and politics on the 
outside. The first and second oil shock did not produce the tiniest dent, 
not to speak of promotional campaigns into which the car industry sinks 
fortunes. 

Sponsors and colleagues were equally upset. The faith in pretty girls had 
deep emotional roots. Obviously all the mise en scene had the purpose of 
beating competition, and not really to increase the ownership of cars. That 
was the explanation of my results. So I went to see the evolution in time 
of market shares between the main car producers in the USA and Japan. 
The results confirm that obviously all the fuss was not about beating the 
competitor, but to keep him at bay. 

My personal interpretation, based on hundreds of evident examples, is 
that people talk and the system does its business. The French have a deli­
cious fable written down by Lafontaine, La Mouche Cochere, where a fly by 
actively flying up and down helps a pair of oxen to pull a heavy cart. And 
it is also very tired and self-satisfied at the end. A great deal of the talk of 
decision makers seems to fit this description very well. I wonder how many 
ponderous decisions had to be taken to keep the curves of Figure 2.,f.1 in 
such good shape. 

The philosophical breakthrough in the application of these diffusion equa­
tions came when a friend of mine, president of the Italian Marketing Associa­
tion, asked me to prepare an innovative paper for a conference on innovation 
which he had organized in Turin in 1979 (Marchetti, 1980). I had on my desk 
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Figure 24.2. Invention and innovation waves, the secular set: The first 
three waves of the series are historical. We live in the fourth. Odd numbers 
indicate invention waves and even ones innovation waves (number 8 indicates 
the fourth innovation wave). (Source: Marchetti, 1980.) 

the Mensch book on innovation, "Das Technologische PaU", with statistics 
on basic inventions and innovations dating back to 1800 (Mensch, 1975). 
The quality of these statistics comes from a homogeneous definition for the 
dates when inventions and innovations appeared. 

In order to make these statistics treatable with our diffusion equations, I 
then made the hypothesis that an innovation can be considered as an object, 
a product, like a car, generated in response to market demand. The set of 
innovations would progressively fill the market, like cars. The thread was 
thin but it held. Not only innovations, but also invention waves fit the 
model very well. This was the first hint of the fractal nature of the social 
and economic system we shall talk about later on. 

The analysis of the inventions and innovations waves a la Mensch re­
vealed internal regularities that led me to find some arithmetic rules to 
calculate the ones that followed. The result of this exercise is reported in 
Figure 24.2. That the system regulates so precisely such fancy action like 
inventing and innovating was really an unexpected result. 

But also entrepreneurship is equally regulated. For instance, an analysis 
of the opening of firms producing cars and of firms quitting the market 
follow perfect (cumulative) logistics. Nitety-nine percent of the firms did 
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quit, and that gives a glimpse of what could be defined as the Holocaust of 
the enterpreneurs. 

The chart of Figure 24.2 reveals also another detail in the behavior of the 
system: that the centerpoints of the innovation waves are spaced at 55 year 
intervals, the distance of one Kondratieff long cycle. It puts the mechanisms 
into a Schumpeterian vision of markets progressively saturated leading to 
recession. Innovation and entrepreneurship reopen the game into a new spurt 
of activity. A completely different approach was taken by Stewart (1982) of 
Nutevco who measured the deviations of primary energy consumption and 
electricity consumption from the secular trends. Also his analysis shows in 
crisp form the pulsations of the global activity. With a periodicity of 55 
years. 

Faith and daring come with success and at this point all inhibitions were 
removed. After all experimenting was cheap, and failures could find their way 
to the paper basket. Only a short sampling can be taken out of the 3000 odd 
examples which Nakicenovic, Griibler, and I have collected. I must honestly 
say that being beyond my career I was always the most daring. I did not 
have much to lose and have no professional peers to keep me in line. Much 
stimulation comes when critics start gnawing at the borders to check the 
consistency of the stuff. One of the first observations was that the model 
only operates for Western countries during the last century or so. It was 
true that all our examples fell into this time slot, but the obvious reason was 
the availability of sound statistics. 

But a number of things are well recorded from a deeper past, so I an­
alyzed the diffusion wave of the construction of gothic cathedrals. Their 
cumulative number in terms of first stones is reported in Figure 24.3. The 
regularity of the process, over such a long period of time, with economic 
revolutions, wars and plagues, is really astonishing. In my view it is a mile­
stone in revealing the deep regulatory feedbacks of the social system. This 
self-regulation is pervasive. In a completely different field we can observe, 
e.g., the perfect resilience of the air transport system growth to the oil price 
shocks of 1974 and 1979. The immunity was acquired through a complex 
and painful internal reorganization of the air companies. Going to central­
ized economies does not change the situation either, as much work done by 
Griibler (see, for instance, Chapter 19) shows. 

At this point the concept started taking shape, i.e., the diffusion pro­
cess is really at the cultural level and paradigms are generated and selected 
somewhere, and then move into the heads of people to become finally action. 
Hagerstrand's field measures of the mechanisms of this diffusion through very 
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Figure 24.3. Building gothic cathedrals (an incredible burden to the pop­
ulations of the Middle Ages) analyzed as a diffusion process. The chart 
gives the cumulative number of first stones for what will in time become a 
cathedral. The dates are well documented. (Source: Marchetti, 1986.) 

stable social networks made by sets of about 100 people, gives a hint about 
the causes of the stability of the process. 

These friendly gangs, as they emerge from anthropological studies, al­
ready existed in the neolithic age. Fast travel and telecommunication gives 
them larger territories without changing the structure and timing of their in­
teractions very much. This communication by internal lines neatly explains 
why the information pouring by the media does not seem to dent the rates 
of a diffusion process, even over a span of 100 years. 

Speaking of media, a couple of years ago I did some research for the 
CEE on nuclear energy and the social system (Marchetti, 1988). Measuring 
the opinion of people is a hard task because people rarely know the deeper 
meaning of their actions, and sometimes lie about this. But the media act on 
strict feedback from their customers, and try desperately to match what the 
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customers want to hear. So I started measuring the media in order to check 
public opinion. The hypothesis behind the use of the media as a proxy for 
public opinion may be right or wrong, but the result I want to show is that 
the coverage (cumulative number of articles or TV spots) follows exactly the 
scheme of a diffusion process. Figure 24.4 reports the coverage of nuclear 
power by the media in the USA. Dailies and TV are much the same as they 
fish in the same pond of public opinion. The periodical press has a slightly 
higher time constant. 
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Figure 24.4. Media coverage of nuclear energy in the United States (mea­
suring cumulative number of evening news reports in US TV networks and 
coverage index by US periodicals on nuclear power plants; data from Mazur, 
1984). Also shown are the cumulative number of major US nuclear acci­
dents. Observed is a parallel of the accident wave with the press wave as 
if opinion intensity preceded accident probability by a couple of years. The 
Three Mile Island accident, perceived as the worst, happened when coverage 
by the periodical press was at a maximum (F = 50%). (Source: Marchetti, 
1988.) 



590 Diffusion of Technologies and Social Bellavior 

102 
(24) 

0.99 

101 0.90 

"T1 ........ iU Ll- n 
I 10° ~t ~ 10 Y 0.50 ... 

...... o· 
........ :I 

'- "T1 LI-

10- 1 0.10 

10 -2 ~--.---.---.--.---.--~--,,--.---.---r---.-~ 0 . 01 

1940 1950 1960 1970 1980 1990 2000 

Figure 24.5. Media coverage on nuclear energy as represented by Der 
Spiegel is well correlated to the beginning of nuclear reactor construction in 
the FRG with a time lag of seven years. (Source: Marchetti, 1988.) 

Also if one takes an individual journal, like Der Spiegel, one gets exactly 
the same result (Figure 24.5). The coverage is highly correlated with re­
actor construction start-ups both in the USA and the Federal Republic of 
Germany, if with many years delay time. Also accident waves are correlated 
with periodic press coverage. The Three Mile Island accident occurred when 
public attention, as measured by the periodical press, was at a maximum. 
This certainly does not establish a cause-effect relationship, but the time 
sequence proves invalid the reverse cause-effect, i.e., that the accident wave 
is the stimulus for press coverage. 

The variety of subjects touched never ends, from the witch hunt of the 
Middle Ages, to the adoption of stamps in the Western hemisphere or the 
writing of papers on the greenhouse effects of CO 2 • The same elementary 
mathematics neatly covers the fact. 

At this point I have to draw some conclusions. As the economist Walt 
Rostow once said after listening to one of my presentations, we may have 
struck a deeper level of truth. The deeper level, as I see it now, is that our 
culture operates as the carrier of action paradigms at all levels of spatial and 
hierarchical integration. Humanity then operates as a gigantic quasifractal 
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system, where the equation is always the diffusion equation but its parame­
ters depend on the level of fractality. 

If this is true, and everything we have done to date conveys that, a really 
deeper level of truth has been struck revealing the single and all-pervasive 
mechanism of the working of society. Studying primary energy substitution 
can lead very far indeed! 

References 

Marchetti, C., 1975, On strategies and fate, in W. Hafele et al., Second Status Report 
of the IIASA Project on Energy Systems 1975, RR-76-1, International Institute 
for Applied Systems Analysis, Laxenburg, Austria. 

Marchetti, C., 1980, Society as a learning system: Discovery, invention, and inno­
vation cycles revisited, Technological Forecasting & Social Change 18:267-282. 

Marchetti, C., 1983, The automobile in a systems context, the past 80 years and 
the next 20 years, Technological Forecasting & Social Change 23:3-23. 

Marchetti, C., 1986, Stable Rules in Social Behavior, IBM conference Academia 
Brasileira de Ciencias 1986, IBM Brasil. 

Marchetti, C., 1988, On Society and Nuclear Energy, International Institute for 
Applied Systems Analysis, Laxenburg, Austria, mimeo. 

Marchetti, C. and Nakicenovic, N., 1979, The Dynamics of Energy Systems and 
the Logistic Substitution Model, RR-79-13, International Institute for Applied 
Systems Analysis, Laxenburg, Austria. 

Mazur, A., 1984, Media influences on public attitudes toward nuclear power, in W.R. 
Freudenburg and E.A. Rosa, eds., Public Reactions to Nuclear Power. Are There 
Critical Masses'? IAAS Selected Symposium 93, American Association for the 
Advancement of Science, Washington, DC, USA. 

Mensch, G., 1975, Das technologische Patt, Innovationen iiberwinden die Depres­
sion, Umschau Verlag, Frankfurt, FRG. 

Stewart, H.B., 1982, Technology, Innovation, and Business Growth, Nutevco, San 
Diego, CA, USA. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




