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Kondratiev Revisited — After One Kondratiev Cycle

Cesare Marchett1

The clear insight of Kondratiev into the inspirations and ezpirations of economic
activity, as Trotsky put it in its relation to the Third World Congress of Komintern, had '
a checkered success. Only now do we begin to appreciate how deep and pervasive is the

process, even beyond the strict limits of economic activity.

The contribution of this paper is mainly in terms of empirical evidence, taken over a
broad set of subjects and for periods as long as possible. Usually the limit is the availabil-
ity of sound statistical series for long stretches of time. The assembly of such series by
economic historians would certainly be a contribution of primary importance to future

studies in the area.

The main characteristic of this study is its almost exclusive focus on physical indica-
tors: quantities, number of objects, sets of dates. Monetary and financial indicators are
more ambiguous, a weak point of the original analysis of Kondratiev, aptly cited by his
critics. On the other side, being originally a physicist, 1 tend to look at things for which I

have more confidence.

I met with the long cycles when studying the invention and innovation processes in
Western societies. By 1975, Mensch had collected data and performed an analysis. In
1979 1 reprocessed the data using the idea that inventions and innovations are cultural
pulses and as such should be analyzed using the population dynamics of Darwinian origin,

coded into the Volterra-Lotka equations (see Mathematical Appendix).

The results are reported in Figure 1, using the Fisher and Pry (1970) notation. Each
line represents the cumulative number of inventions (1,3,5,7) or innovations (2,4,6,8) in a
pulse, expressed as a fraction F of the total final number in that pulse. The extreme regu-
larity of the process is evident, and in particular that the center points of the innovation
waves are spaced 55 years apart (Figure 2). We can zoom into one of the waves, e.g., the
first are analyzed (1,2) to look into the details. The cumulative number of inventions or
innovations has been fitted with a logistic equation. The chart reports the specific param-
eters, the time constant, time between 10% and 90% of the objects coming in, the mid-

point date, and the center date halfway between the innovation midpoints and invention
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midpoints.

The process is then described numerically as a basis for forecasting certain features
of waves to come. In fact, the numerology of three waves described has sufficient regulari-
ties to make the next waves predictable. We are now witnessing the 1984-2002 innova-
tion wave to be centered in 1993. The spirit is certainly there and in ten years we may

start checking the forecast.

These innovation waves are obviously very important to keep the economy expand-
ing in industrialized countries, as innovations open new markets and areas of activity,
compensating for the saturation of old markets with the consequent reduction in activi-
ties. In fact, they constitute time markers for business and social processes in general.

The objective of this paper is to show a number of these synchronizations in different
fields.

The first case, already reported in previous papers, but sufficiently important to
repeat here, is that of primary energies whose introduction is strongly correlated with
innovation waves (Figure 3). In fact, at the outset of each of the previous three waves, a
new primary energy source has been introduced: coal, oil, and gas, respectively. At the
outset (calculated!} of the present wave, nuclear energy (factual!) has been introduced.
The same reasoning gives a forecast for the introduction of the next primary energy

{fusion ?). It will happen around 2025.

An analysis of energy consumption in the US, both in the form of primary energy
and electricity was made by B. Stewart (1982) of Nutevco, by fitting the secular trends
with logistics and extracting the residuals. As it appears in Figure 4, residuals oscillate,
with a period of about 55 years and an amplitude of about 20%. We found this measure
of global metabolism to be a very useful clock. The upward segments can be associated
with booms and the downward ones with recessions. Our recession should end in 1995
and, as will be seen in numerous examples taken from our times, many things saturate

around 1995. Incidentally, the dip of the previous recession was around 1940.

As shown in Figure 5, world steel production during the last 100 years come in two
waves of logistic growth, one saturating around 1940 with saturation point around 100
MT, and the following one predicted to saturate in 1995 at about 750 MT (4 100 MT of

the previous step).

This aggregate picture sums up a variety of local situations. Steel production will
not grow for ever, and the producing areas keep changing in time as a consequence of
changes in technology, localization of resources and age of the steel companies. The case
of Britain is reported in Figure 6. Here we go deeper into the past, and we see the phase-

out process in action. The chart refers to crude steel production, not to products.
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A possible interpretation of the chart is that UK steel industry will import crude
steel in form of ingots, e.g., from Brasil or the Soviet Union. After all, iron ores are gen-
erally imported to benefit from the special conditions of some open mines over very large
ore bodies like in Brasil or Africa. Although transport costs for the ores are acceptable, it
is certainly easier to carry steel imports to be processed into a great variety of finished
products at the user end. To look at the detailed dynamics of these global substitutions is

certainly a fascinating subject for a future study.

Steel can be classified as a commodity, and we can look to see whether other commo-
dities show similar patterns. However, a feature we have recurrently observed is that the
processes can start at any time, but saturation always arrives toward the end of the cycle.

This means late comers have shorter time constants.

This is particularly evident in the penetration of cars in various markets of the
world, during the second wave, i.e., after World War II (Figure 7). The US, being the
first to move, has a long time constant of 45 years, and Japan, being the last in the row, a
very short time constant of 12 years. However, in both cases car population saturates

around 1995.

Coming back to commodities, we can look at capacity for aluminum production in
the US (Figure 8) and find two waves, one saturating in the 1930s and the other in the
1980s (at 6 MT/yr). The lump in the 1940s is obviously due to World War 1I efforts in
the US, and is remarkably well reabsorbed after the end of the war.

We can also look at commerce for a certain commodity, e.g., raw cotton, which was
a very important export item for the US during the last century. In this case, there are
two main waves centered 55 years apart, in 1842 and 1898 (Figure 9) with good logistic
characteristics, followed by a shapeless period during which exports oscillated around a

fixed value.

A somewhat similar situation applies with respect to coal extraction in the UK (Fig-
ure 10). Two waves of growth were followed by a wildly oscillating period (of 50-60
years). During the third Kondratiev a downward logistic took care of the death of the
system. Curiously, the little “balcony” after 1975 was due to a post oil shock legislative
measure fixing production at 125 MT/yr. Big miner {suicidal) strikes in 1984 brought

things back to "normal”.

Coming back to the US, we can examine rice production (Figure 11) and find the
usual characteristics, i.e., saturation near the end of the cycle plus a high level of instabil-
ity shown by the jagged curves in the last period of penetration. Incidentally, a living
species entering a new habitat displays similar behavior, with smooth logistic penetration
until the capacity of the niche is approached. Then instabilities begin, with occasional

overshooting of the capacity level.
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