Major transitions in evolution and finite time singularities: Human wealth history
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Figure 1: Data and fitted trend for the UK utilizing Eq. 5.. Time
series of GDP per capita (6) are scaled by their initial value and
plotted as blue dots on a logarithmic axis. A red hatched line depicts the fitted trend and the inserts show the de-trended data ∆w
divided by 100 for typographical convenience.

shows the de-trended data vs. time.
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The model

The difference between evolutionary expansion and evolutionary optimization partly lies in which independent ‘time’
variable best fits their description. Evolution processes promoted by events uniformly distributed in astronomical or
‘wall-clock’ time, e.g. random energy fluctuations in an aging spin-glass, cosmic rays, or genetic mutations in biological organisms, have wall-clock time as their natural variable and progress at a decelerating rate, through a series of
metastable stages (4) Human culture is also a staged process,
but since its metastable stages are of shorter and shorter duration the process is accelerating.
Note however that cultural evolution is mainly controlled
by personal interactions whose intensity has increased dramatically over time. Increasingly faster and more intense
communication has underpinned the coordination and collaboration efforts behind human achievements.
In terms of our ‘natural’ time variable τ , we posit that
wealth per capita is controlled by the simple ordinary differ-
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Diverse dynamical systems, living or not, were recently (1)
discussed with focus on whether their evolution rate was decreasing or increasing.
The first type of dynamics optimizes a target on fast
timescales, e.g. all spontaneous physical processes minimize their free energy and bacterial monocultures optimize fitness in a constant environment (2). Evolutionary
progress can be viewed as overcoming a series of ever increasing ‘record sized’ dynamical barriers of system specific
sort (3; 4).
The second type, evolutionary expansion, is less common
and not as well understood (5). An example is given in (1)
based on a time series of British GDP values per person per
year (6), a quantity whose trend has kept increasing faster
than exponentially since the late Middle Ages.
Gross National Product (GDP) per capita (7) is not directly linked to the abundance or scarcity of material resources but rather gauges economic activities carried out by
means of the infrastructures and institutions that maintain a
population with shared cultural values and social and technological know-how. GDP history yields therefore insights
into human cultural evolution.
A recent study (8), to which we refer for most details,
defines ’wealth’ as the ability to generate the economic activities e.g. measured by per capita GDP and introduces
a simple causal albeit strongly aggregated model assuming
that the observed wealth growth is mainly driven by human
collaborative efforts whose intensity itself increases with increasing wealth.
As detailed in (8), finite time singularities are strongly
supported by key data sets (9; 10) and rapid changes in the
mechanisms producing them must occur to avert social disruption. The mechanism proposed in (8) to generate the singularity could be of general relevance and begs the question
of how finite time singularities extracted from data analysis
can predict major transitions of evolutionary processes.
As an example, GDP per capita data (6) from the UK
(blue dots) and the corresponding model generated trend
(red hatched curve) are plotted vs. time in Fig. 1. The insert
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ential equation
dw
= αw(τ ) + β.
dτ

(1)

where α and β are positive real parameters. In a system with
constant interaction intensity and initial wealth w0 , wealth
will thus grow as
β
w(τ ) = (eατ − 1)+w0 eατ ≈ βτ +w0 for ατ  1. (2)
α

dτ
= γw(t),
dt

(3)

where γ is a proportionality constant. The above relation
implies that some fraction γ of the wealth produced is used
to improve communication speed and efficiency, be it by e.g.
building better roads or faster computer chips. For constant
wealth, τ and t are simply proportional. However, if wealth
grows, so does the intensity of human interactions, and τ (t)
increases faster than linearly.
To transform Eq. (1) from ‘natural’ to ‘wall clock’ time,
dτ
we substitute dw
dτ from Eq. (1) and dt from Eq. (3) in
dw(t)
dw dτ
dt = dτ dt , to obtain
dw(t)
= (αw(t) + β)w(t) = αw2 (t) + βw(t).
dt

(4)

The proportionality constant γ is absorbed in the fitted parameters α and β, and is left unspecified.
The solution to Eq. (4),
w(t) =

βw0
,
e−βt (β + αw0 ) − αw0

features a finite time singularity at


β
1
t∗ = log 1 +
.
β
αw0

(5)

(6)

Predictions for the obtained wealth trend evolution compare
favorably with GDP time series over eight centuries indicating super-exponential growth (8). Previously, it has also
been reported that successive overlays of new significant social and physical technologies, each growing exponentially,
do generate a super-exponential wealth-growth over an extended period (11; 12; 13), without reaching a finite time
singularity.
To summarize, wealth evolution versus ‘wall clock’
time features a finite time singularity based on two model
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Discussion

Assuming that wealth generation has been driven by the
same mechanism for eight hundred years begs the question of which cultural traits have staid put through the dramatic changes that have happened in the same period, e.g.
turning from agricultural to industrial and to service based
economies. White (14) and others (15) highlighted the
strong emphasis that Western culture puts on the value of
individuals together with their special relation to God and
the rest of the world. In the Jewish and Christian ethos these
elements encourage individuals to pursue self-fulfilment and
the achievement of the common good through a cooperative
effort that communication among peers and the exploitation
of available natural resources. The same principles permeate
our moral codices and strengthen deep-lying human interaction patterns, in particular the fact that wealth in part is used
to increase human communication intensity.
Obviously, an infinite GDP will not be attained in a few
years, so our analysis simply indicates that some sort of major disruption follows if human interaction intensity keeps
intensifying. To mitigate the disruption, humans must adjust
their interaction patterns to adopt a collaborative in stead of
an exploitative attitude to the rest of the biosphere. Further,
humans will have to redefine the concept of wealth e.g., as
access to solutions for human problems rather than the sum
of the market value of products and services as a measure of
achievement. Both changes are elements of a major cultural
transition that are discussed in (16; 18; 19; 17).
Large scale transitions involving drastic changes of the
physical and the chemical environment linked to interaction
patterns have occurred multiple times in the biosphere. For
example, significant oxygen levels evolved in the reducing
atmosphere of the early Proterozoic (20) due to the proliferation of phytosynthetic organisms. Further more, a series of
oxygenation events in an anoxic ocean is linked to the appearance of complex multicellular eukaryotes between 1600
and 1000 million years ago (21).
One could speculate whether previous major transitions in
the history of life on Earth could be viewed as singularities
driven by the way the involved organisms interact? Gaining access to detailed time series documenting such historical events in the biosphere is undoubtedly out of the question. However, Artificial Life style simulations could elucidate how systems may pass through an evolutionary crisis by
having interaction pattern that themselves are able to evolve.
Perhaps such investigations would reveal similarities to the
current interaction driven human crisis.

Downloaded from http://direct.mit.edu/isal/proceedings-pdf/isal/33/89/1929829/isal_a_00423.pdf by guest on 12 August 2022

For small values of α we see a slow linear increase proportional to β, which mirrors the absence of a mechanism destroying wealth once it is created.
The connection between ‘natural’ and wall-clock time
variables were discussed in (1) for different examples. For
human wealth evolution we here assume that

assumptions: (i) interaction between individuals drives
the process and (ii) a positive feed-back mechanism is
present, whereby the interaction intensity itself increases
with wealth. The existence of an external supporting environment that provides food, energy and raw materials is
(somewhat unrealistically) assumed available.
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