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Volterra analysis of economic and social behavior reveals a striking uniformi-
ty in the way structures behave. Including man, socially a single unit but intrinsi-

cally already a complex structure.

In this paper the analysis is focused on "deviant” behavior, showing that
technically it is not different from "normal” behavior. The labeling seems to be
basically determined by the dominant value system. The paper should be seen as an
exploratory exercise to determine the limits of application of the Volterra-lL.otka

equations and paradigm.
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ON TIME AND CRIME

A Quantitative Analysis of the Time

Pattern of Social and Criminal Activities

Criminal activity has always been considered as a special case of social

activity deserving a special treatment.

The criminal has been considered as the product of society, mental illness,
genetics, or else, with a clear connotation of being deviant for reasons only par-
tially under his control. Society tries to take control, and the prison can become
-the instrument of punishment or the tool of redemption, depending on the dominant

paradigm at the time.

As I will show in the following, the criminal does not appear to behave dif-
ferently from any person, except obviously for the fact the objectives of his
activity being considered as criminal by the dominant part of society. So the men-
tal illness paradigm which so strongly dominated last century's criminology, should
not be considered as specific. Artists, housewives, or cadaster employees can be

mentally ill, with no strict connection with their trade.

The methodology of my analysis is very simple, especially because 1 will not
try to delve into the treacherous process of finding explanations. I will only
search for "structures’”, for order, into the set of factual data. I will, in fact, only
analyze facts, trying to see the features they contain. It is like looking through a
person with x-rays. One can see bones and organs, without any hint about why

these are where they are. The basic assumption is that actions are the final output
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of information processing in our brain, and that this processing follows some very
general rules of Darwinian character, coded in a quantitative way by Volterra-

Lotka equations.

These equations say, e.g., that the population dynamics of two competitors, or
of one species with limited food supplies (self-competition), evolve in time accord-
ing to certain very simple mathematical equations called logistics. Volterra equa-
tions can produce other solutions, but I will use only logistics for my diagnostics,
first because they are very simple (see Appendix) and, second, because they cover

an extremely large number of practical cases.

A case of logistic growth is reported in Figure 1. It represents a case of
self-competition, like that of an animal species growing in a "niche”, which pro-
vides a limited amount of food. In the case of Figure 1, the ’population” of
registered cars in Italy is reported. The niche in this case in the potential market
for cars. Car population grows to fill it, first at a fast rate and then progressively
at slower rates. Incidentally, the same curve describes the growth of a tree
(height or weight), or of a person. Because these S-curves look all alike, and
there is no way of visually checking they represent a logistic equation, I normally
use another form of cohordinates, reported in Figure 2, where logistics appear as
straight lines. As explained in the Appendix, the numbers characterizing the pro-

cess are usually reported on the chart. They are:

- The saturation point, or the asymptote, i.e., the largest number of cars the
market can receive, as in Figure 1. This number is usually given in
parenthesis (20) in the appropriate units (millions in the case of cars in

Italy).

- The time constant, which gives an idea of the speed of the process. It is the
interval of time AT, to go from 10Z to 90X of the niche. For cars in Italy it is

22 years.
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- The centerpoint of the process is often referred to, in order to fix it in time.

This analysis can be applied to all sort of dynamic processes also with
numerous competitors. We have, in fact, about a thousand different cases exam-
ined to date. The analysis is purely phenomenological. We try to fit the data to
equations of the type described in the Appendix. A case of two competitors could
be that of cars substituting horses for personal transportation, reported in Figure
3. In this case, the size of the niche is not necessary, as we are dealing with the
ratios of the shares of the market. Actually, the niche keeps changing in time as
shown in Figure 4. The numbers of personal vehicles grows exponentially in the
U.S. during the period under examination and at the same time cars substitute for

horses.

As the last example of this series ] will give the case of competition between
primary energies at the level of world market (Figure S5). Here we see all the
energies going slowly up in market share, and finally down. The reasons for show-

ing this particular case are:

- To get acquainted with the great siowness of social processes. Our society

appears very dynamic, but the substitution of this for that takes eons.

- To make aware that these processes of acceptance and rejection are very
stable in time. Wars, crises, and great inventions do not seem to change their

progress.

- To show that this stability is a prerequisite to forecasting and give an example

of forecasting in the long range.

Figures 6a, 6b, and 6c give the sequence of a forecasting exercise. The sta-
tistical data for the market shares of primary energies in 1900-1920 for the worid
are reported in Figure 6a. If we use these data to fit a set of competition equa-
tions (Figure 6b), we can extend those equations outside the 1900-1920 range. This

can be considered as an attempt in forecasting, e.g., from 1920-1970, i.e., for fifty
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years ahead. We can then superpose the actual statistical data for that period to
the equation in Figure 6¢, to check how good we could have been in 13920. As the

result show, the forecast would have been by all means an excellent one.

The ceniral idea 7 want to support is that our sociely is a highly regu-
lated and stable system. In order to show the same thing by a different process,
the number of car traffic accidents in the U.S. between 1910 and 13970 is reported
in Figure 7. The context of the analysis is always very important in such cases.
The background idea here is that society sees the car as one of the many causes of
death, and reacts in the appropriate way to keep it in check. So the appropriate

measure is numbers of deaths per thousand population.

The very interesting result is that this number is 25 per hundred-thousand
population and per year, independent from the number of cars. It shows what
society is ready to take and no more. Incidentally, as Figure 8 shows, most Western
countries are locked to the same level of deaths! This shows also that police
action must be contextual. No measure can counterbalance the "readiness to die”

of the drivers.

The high level of self-regulation of large aggregate systems has led to the
question of regulation at lower levels of aggregation. Jumping through many inter-
‘mediate levels, like nations and regions, we went to the formally most simple form
of organization, the commercial company. The objective of that company is to sell
a product or a service, and the amount sold can well be considered as a measure of
its size. Figure 9 shows the case for Mercedes-Benz, were the number of cars pro-
duced is reported as a fraction of the (calculated) saturation point. The exercise
has been repeated for about a .hundred companies and the result has been always

positive.

A company can be seen as a formally organized set of people with a definite

purpose to reach. Producing cars, or organizing vacations. There is no a priori



-5-

hindrance to treat a criminal organization in the same way. Figure 10 reports the
"actions” performed by the '"Red Brigades” in Italy during the period 1970-1876.
The chart reports the cumulative number of actions, treated as described in the
Appendix. The Red Brigade movement appears perfectly quantified by the equa-
tion. With a six-year time constant, it appears relatively ephemeral. The equation
SJorecasts (in 1976!) the end of the movement (99% of actions performed) in 1985.
The peak of their power was reached in 1976-77, and the decline was buill in into
the system. In other words, organizations seem to have an intrinsic aging process,
which can be interesting to measure, as we have done here, in order to deal
appropriately with them. At the level of the police or at the level of the stock

exchange, depending on the objectives of the organization.

Just for systematic reasons, one can ask if man, so complex and composite in
many ways, does‘not. contain simjlar organized structures inside himself. After all,
he is the prime mover on one side, and on the other his brain contains billion of
interactive cells, the neurons. Obviously we have to quantify his actions through
some form of output, and this is not difficult for such "public” men, like artists or
scientists. Their work is carefully catalogued. So I started analyzing artists and
men of science, looking at the cumulative number of their work: paintings, plays,

pieces of music, or scientific publications.

" A pick of the results is given in Figures 10a, 10b, 10c and 10d. What these
results say is that their production is regulated according to a precise schedule.
Each of them has a mechanism incorporated telling how much and when. Our equa-
tion just unravel the mechanism. And because the equation can be established on a
partial set of data, it can be used, e,g, to predict how many books a famous writer
will produce, and when. It is well known that we are genetically programmed in a

quite rigorous form, but this long term programming of the vis vitalis may come as
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a surprise. I do not think, owever, that at this level it interferes too much with the

holy cow of the "free will”.

My purpose here is practical and not philosophical, and the objective is to see
the applicability of the methodology to a systematic study of criminal behavior. I
do not think criminals are different in the mechanisms of their behavior. Only
their objectives are not orthodox. Criminality then is not intrinsic, but comes
from a social definition. To use a worn out example, murder is criminal in peace
but heroic in war. So the analysis should apply to criminal activity too, As Fig-
ures 1la, 11b, 11c, 114, and 1l1le show, this is the case. The criminal has a poten-
tial, a bag of beans, which he will dutifully spill. Although the final proof requires
a large casistic, which requires your collaboration in providing data, it appears
that prison does not have an effect on the global result. The incapacitating
periods appear compensated by increased activity once the bird is out of the cage.
This hard will to comply with the program and the schedule makes the criminal
forecastable. His past activity contains the information to map the future one, in
the same sense a segment of the trajectory of a bullet can be used to calculate the

previous part and the following part.

Because my analysis can be done only after a sizable chunk of the career has
been explicated, I cannot make any statement why the gun was originally aimed in a
"deviant" direction. It seems evident, however, that measures to really reduce

criminality have to be taken before a person becomes a criminal.

After having brought the analysis down to the individual I will try it again on
an aggregate case, not of a gang, however, but on a population. The case of crim-
inality against the property in the U.S. is reported in Figure 12. It just counts the
number of people arrested according to age. The raw sum appears to be a compo-
site, of juvenile, young, and long-term professional activity. 1 tried to separate

the juvenile component through the first bell-shaped curve drawn onto the chart.
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This. part of the criminality curve is then analyzed in Figure 13. The second part
of the curve in Figure 12 is not drawn by free hand. It is calculated using the first
part and the usual logistic equation. Apart from the descriptive and organizing
aspect, this chart also tells that whatever is done to keep in check this criminai-

ity, the effect appears to be zero.

On the other side, 1 would also attract your attention on social forces and
moods which on the contrary strongly influence the level and the modes of crim-
inality. The case is reported in Figures 14 and 15. The oscillating curve of the top
is a "clock” measuring social activity. The curve in fact describes the deviation
from the trend of energy and electricity consumption. Loosely speaking, the
upward parts of the curve represent periods of boom, and the downward parts
periods of recession. The second curve down represents the rate of homicides. 1
took homicides because I think their statistic is more credible and homogeneous
over the long term than the statistics referring to other crimes. The homicide
curve has a period of about 54 years, like energy, but it is out of phase. In fact,
the maximum of homicides is in the middle of recession and the minimum in the mid-
die of the boom. The ratio between maximum and minimum is an incredible factor of

two.

The second still moodier side of the story is reported in the third curve down,
teiling the ratio of guns to knives in the execution of the homicide. Also this oscil-
lates with a period of about §5 years, and with .a ratio between maximum and
minimum of a factor of three! The curious point is that during the boom period,
people tend Lo shoot, and during recession tend to stab. Also the ratio of female to
male murdered has similar long-term pulsations. Analogous considerations could
be done for the analysis of suicides, which I consider a special form of homicide.
In this case, the moSt. striking feature is the 26-year sharp pulsation of the ratio

female to male suicides.
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This zooming up and down inside our society shows an unexpected level of
self-control and a very self-consistent behavior. This leads to predictable

behavior of numerous intermediate structures, from man to humanity.

How to exploit these features is just a question of imagination. Predicting
when a certain criminal, specialized in a certain type of crime, is "ripe’” for an
operation, can help preparing the appropriate reception. Or, after the fact, to

restrict the rose of the possible actors.

To see inside the clockwork of a criminal band or terroristic organizaiion
may greally help in setting up a tuned strategy. To have a way to calculavtev the
natural deployment of criminal activity can serve to measure rapidly the effects
of initiatives against criminality. So often in the past the effect of these initia-

tives could be assessed only after tens of years.

In a nutshell, I hope this may contribute to improve the rational control of the

system.
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Appendix

The formal derivation of the equations used to fit the dynamics of competition
is from the Volterra equations, which basically say big fish catch small fish when
the opportunity comes. There is a vast literature about Volterra-Lotka differen-
tial equations, and their discussion will not be reported here. The basic growth
equation ,which is used in most of the charts, is a special solution of the Volterra-
Lotka equations and is actually a logistic function of the type shown in Figure 1.

This equation can be written in the form

N

K@) = 1l+ezp —(at+d)

. (1)

where N is the cumulative number of objects observed, e.g., number of crimes com-
mitted by a certain person up to time t. The curve has a maximum (asymptotic)
value N. It is the upper line in Figure 1. N and the constants a and b have to be
calculated by best fitting the available data in form of the value of N at various
times. Most of the charts are normalized by using F = N/ﬁ so measuring the pro-

cess in relative terms.

Equation (1) then can be rewritten in the form

F__
logl_F =at + b . )

and appears in the charts as a straight line. The transformation greatly facili-

tates the graphic handling and use of the data.

The fitting is done by iteration, choosing N arbitrarily, and then improving
the fit by changing it. The physical meaning of a is that of a rate, i.e., the speed at
which the process occurs. In the chart it is given in the more intuitive form of a

rate constant, i.e., the time for N to go from 10%Z to 90% of N.

The constant b is merely a time cursor to position the process in calendar

time.
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The year of maximum process speed is midway when F=1-For N =%ﬁ . This

point is often marked in the chart. The first data points are sometimes below the
equation line. [ usually interpret this as a "catch up’”. The person has the drive
but not the means, e.g., when he is very young. When the means come, then the time

lost is made good in a fast dash.
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