Econophysics: challenges and promises

An observation-based approach

Bertrand M. Roehner !

Institute for Theoretical and High Energy Physics, Universty of Paris 7

Abstract The paper tries to answer a basic (and often-asked) quesimit econo-
physics: “Whereas it is quite understandable that physecdiniques of observation
(e.g. infra-red spectroscopy) can be useful in investnga®NA or proteins, it is
much less obvious why and how ideas from physics can be Hefpiavestigating
socio-economic phenomena”. The main obstacle to the utashelieg of social phe-
nomena is the fact that they are multi-faceted which makdiffitult to observe one
effect at a time. In this paper we argue that in its early pludsievelopment physics
was confronted to the same difficulty and that the basic nuktlogy of experimental
physics has been set up precisely as a way to disentanglefaudted phenomena.
In order to make this point, we first explain how this can beator a very sim-
ple phenomenon namely the free fall. In this case, even thdhgre are only two
effects, namely gravitation and drag, their combination gave rise to quite com-
plicated motions. In a second part we show how the same metthgpdcan be used
to resolve social phenomena into simple mechanisms. Adustrdtion we consider
the phenomenon of suicide and explain how it is possiblecasmnonefactor at a
time. As a case in point, we investigate the suicide rate afamed versus married
persons; it turns out that the population of Chinese imnmtgan the United States
provides an ideal “laboratory” for observing this effech a general way, in this
approach the crucial question is to find a situation in whienimpact of the factor
under study is amplified as much as possible. In its conctudart the paper briefly
discusses how the usefulness of mathematical models camdoe\ied.
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1 Introduction

Nowadays physics has become a very formalized and thealr&atd. Historically,
however, this is a fairly recent situation. The graph in Fij.suggests that this
evolution began in the 1920s and accelerated in the pasts8€6 y&he methodology
developed in this paper will make sense only if we try to pusetves in the situation
and turn of mind of earlier physicists who were living at a éfnwhen the main
fields of physics had not yet emerged in a clear way. As antiitisn, consider
electrodynamics. In the late 18th century the great ltgliaysicist Allessandro Volta
(1745-1827) was studying the effect of electrical shock&herlegs of frogs whereas
at about the same time the American physicist Benjamin Hira(k706-1790) with
the help of a kite demonstrated that thunderclouds contaatrecity. Although these
phenomena have indeed a connection with the effects ofrieiggtnowadays they
would no longer be included into a course on electrodynandibs first effect would
be ascribed to electro-physiology and the second to thedfedtinospheric science.
In the course of time, by carrying out a great number of expenits of all kinds,
physicists managed to separate and isolate the “core” ofretfynamics from its
more accessory effects. The physicists of the twenty-fastury may have forgotten
some of the experimental skills of their predecessors,hatdapability is still alive
in the tradition of physics. We just need to revive it.

This paper tries to answer a simple question which | have bskad repeatedly by
friends and colleagues: “Why should physics have somettorgpy about social
phenomena?” Whereas the purpose of biophysics or biockgnaigpears clearly
because physics and chemistry indeed provide experimedhhiques which are
very useful in molecular biology, the purpose of econoptyyseems very unclear to
most people. In this paper we argue that what physics cand®oe social sciences
IS not a specific technique but rather the experimental naetlogy itself. Because,
as mentioned above, physics has become a very formalizedtfisl often thought
that this methodology sums up to building a mathematicalehattich will then be
tested by comparing its “predictions” to a set of datin fact, this is only one step

Lif the trend remains the same over the next decades, in 205Gileave about 20% experimental papers and 80%
theoretical papers, a situation almost completely revevath respect to the one which prevailed in 1900. Moreoxer, i
should be noted that this evolution is not specific to physfagsanalysis of the papers published in the journal “Econo-
metrica” shows that between 1933 (date of its foundatiom)) 2980 the percentage of the articles which make some
connection with statistical data decreased from 38% to &6b@. In addition many purely theoretical journals haverbee
created: e.g. the “Journal of Mathematical Economics” er‘ttournal of Economic Theory”.

2Broadly speaking about two centuries ago, but this figureeislfilependent. Mechanics was one of the first fields
whose “core” was well identified and understood, for othddfesuch as electrodynamics this occurred somewhat later.

3This in fact describes the methodology which is used in epwtdcs. First a model is constructed which con-
tains a large set of parameters; then the model is comparedatéowhich usually contain a high level of noise; finally,
the parameters are adjusted by some statistical procedtiesé underlying mathematical assumptions are hardly ever
questioned).
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Fig. 1: Percentage of experimental/theoretical papers putshed in Physical Review.“Physical
Review” is probably the most important physical journal.the current trend continues by 2050
experimental papers will represent only about 20%.

(and probably the most formal one) in the experimental pitaoe. The other steps
really provide new ways for exploring unknown phenomenaorRo the modeling
phase there is a process which aims at producing a set of ddétahe smallest
possible level of noise. After the modeling phase the modedtrbe used to predict
some new effects which are substantially different fromahe for which the model
has been built and these predictions must then be compatiedetual observations.
We will come back to that important point in the conclusiont&m.

In the first part of the paper we show how it is possible to idetite different mech-
anisms which are at work in falling bodies. In the second,ghd same methodol-
ogy will be used to identify essential mechanisms of sodmrmmena. As a case
in point we will examine how suicide depends upon the stieo§tamily bonds. In
the conclusion, we discuss the role of models; finally we @xplvhy in developing
the observation-based approach that we advocate the énht=an be of great help.

2 Falling bodies

As shown by the following excerpt from a book by John Von Neamand Oskar
Morgenstern, the study of free fall has played an importalg in the development
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of physics.
The free fall is a very trivial physical phenomenon but it vz study of
this exceedingly simple fact and its comparison with agtrical material
which brought forth mechanics. The sound procedure in eseignce is
to obtain first high precision and mastery in a limited fielddathen to
proceed to another somewhat wider one and son”.
Von Neumann and Morgenstern (1944)

We now know that falling bodies are subject to two mechanisting attraction of

gravity and the resistance of the fluid in which the fall oscuret us assume for a
moment that we are not aware of the existence of these twoamesshs; how can

we identify them?

Naturally, a first step is to observe how different bodie& fdle may, for instance,
try the following ones:

e Steel ball of a diameter of 1 cm.

e Ping pong ball of a diameter of 4 cm.

e Light feather.

e Maple seed, i.e. a 3 cm long brown wing of papery tissue whaititains a
seed a one end.

To the naked eye there is no visible difference in the motminthe steel and ping
pong balls which illustrates the well known fact that in ciimhs where drag is
negligible with respect to the gravitational force the laivmtion is independent of
the size, density and shape of the body.

In contrast the motion of the feather is notably slower armdtics very reason it is
much more sensitive to perturbations such as draft or dautence. The motion of
the maple seed displays a spinning movement when the indidiguration of the
wing is horizontal, however the spinning movement does tart svhen the initial
configuration is vertical. The last two cases illustrateftat that when drag becomes
important, there is no longer any universality; the law oftimo depends upon the
size, shape, density of the body and even on its initial carditgon with respect to
the vertical.

The most striking fact in this experiment is the great vgrigtthe motions: the fall
of a feather has little to do with the fall a steel ball and tak &f the maple seed
differs from all others in a spectacular way. Because thdanaif the maple seed
exhibits a very distinctive spinning behavior it may be téimg to build a model
which describes this behavior. However, if the two basic ma@csms have not been
clearly identified such a model can be nothing else than aghenological model
by which we mean a model which is constructed not from first@ples but with
an eye on the kind of behavior one wants to describe. Such &Imolil have very
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Fall of a body in vacuum (test tube) Fall of a very light feather

Fall of the moon on the earth Droplets of fog

Fig. 2: Decomposing the motion of falling bodies into two sirple mechanisms: gravitational
attraction and drag. The vertical lines schematically indicate the importantée role played by
gravitation. While the effects listed on the left-hand sigelve only gravitation those on the right-
hand side depend almost only on drag. Predominance of dragecachieved in to ways: either by
reducing the weight of bodies almost to zero or by introdgarforce which opposes gravitation for
instance the buoyancy created by the fluid in which the falhefbody takes place.

little predictive power. It may describe the fall of the magked because it was built
for that purpose, but it will be unable to describe the falstd#el balls or feathers. In
short, it will allow very little understanding and progress

If we wish to identify the two basic mechanisms we must comssgtuations in which
one of them is predominant. This procedure is schematizEajinr2. The main point
is the fact that the laws corresponding to the two extremmsdns are substantially
simpler than mixed cases like the motion of the maple seeavittional attraction
Is of course the simplest case overall. Very slow falls arecdbed (at least for
simple geometric shapes) by the law of Stokes. Incidentaliyay be noted, that
this domain of motion has a kind of weak universality in thessethat drag is then
proportional to velocity for any Reynolds number as longtas humber remains
smaller than 1. In contrast, for Reynolds numbers largan thalrag is proportional
to (velocity)* wherea depends upon the Reynolds number range.

In short, we see that even a very simple case in which therem@getwo basic
mechanisms can lead to fairly complicated and diversifiéetes.
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We now come to the real challenge: how can we transpose thisooh@ogy to the
social sciences? One of the main lessons that we learnedtiieraxample is that
in order to isolate one effect we must look fxtreme situations which the factor
that one wishes to study becomes predominant. We will novheeethis approach
can be implemented in the social sciences.

3 Effect of marital ties on suicide

In order to illustrate how the previous approach can be adphie selected the phe-
nomenon of suicide. There are several reasons for such aechoi

e Suicide has intrigued sociologists for a long time. One nepall that a key
study of Emile Durkheim (1858-1917) which is considered s of the pioneers of
sociology was his study of suicide.

e Suicide is challenging because it defies common sense tignlds an illus-
tration one may mention the fact that the seasonal pattesunioide is fairly counter-
intuitive. For a country like France common-sense wouldeexphat the suicide rate
Is highest in the months of November or December which ardetdlby short days,
cold and rainy weather and bleak natural scenery. Howelkergvidence is com-
pletely different: it is in December that suicide rates dréhair lowest and in May
that they are highekt

e As most social phenomena, suicide is multi-faceted. Seicides are known
to depend upon many personal characteristics: sex, aggiprelmarital situation,
place of residence (big city vs. country side), and so on.sThuicide is a good case
for showing how our previous procedure can be applied.

In this paper we focus on one specific factor, namely the adastite. The im-
portance of this factor has already been emphasized by BurkhAs a matter of
fact, his thesis is that the more connections people havetinr family, friends or
neighbors, the less likely they are to commit suicide. Mébibnds are just one type
of connection, yet probably the most important. Table 1 shawet of comparative
suicide rate data for unmarried versus married people.
At first sight the evidence presented in this table may apgeide compelling. How-
ever, there are two serious problems with these data.

e The first is an objection of a fundamental nature. Do thesa dlly prove
that the fact of being married reduces the likelihood of si&@ Not necessarily.
Indeed, if we assume that the people who have a strong pribypémscommitting

4In addition, suicide is very little affected by political@wts. Thus, the attack of September 11, 2001 against the Twin
Towers in Manhattan has had almost no influence on suicids:rttte rate for September is similar to the rates for August
or November and the rates for September 11, 12 or 13 are sitnilthe rates for the other days of September. More
details can be found in Roehner (2007, p. 205)



Table 1

Influence of marital ties on suicide rates

Excerpted from chapter 9 of Roehner (2007)

Time interval Country Males Females

Ratio of Ratio of
suicide rates: suicide rates:
unmarried/married  unmarried/married

1 1889 — 1891 France 2.80 +0.23 1.56 +0.43

2 1881 — 1890 Switzerland 1.66 +o0.24 1.34 +0.41

3 1911 — 1920 Norway 2.56 +0.83 2.18 +1.21

4 1968 — 1978  France 2.69 +0.66 2.24 +1.10

5 1970 — 1985 Norway 1.78 +0.24

6 1981 — 1993 France 2.34 +0.33 2.15 +0.91

7 1982 — 1996 Britain 1.44 +0.12 1.27 +0.20

8 1990 — 1992 Queensland 2.67 +1.20 2.11 +1.60

9 1998 — 1998 Australia 2.21 2.00

Average 2.30 +0.24 1.85 +0.32

There are two problems with these data:
e Does marriage act as a filter in selecting those people whiessenclined to suicide?
e The data show a substantial dispersion20%) in time and across countries.

Sources: 1: Durkheim (1897); 2: Halbwachs (1930); 3: Stskis Centralbyra (1926, table 22); 4: Besnard
(1997); 5: Hayer et al. (1993); 6: Besnard (1997); 7: Kellg &unting (1998, Fig. 4); 8: Cantor et al. (1995);
9: Steenkamp et al. (2000).

suicide cannot get married (for instance as the result ofygipal or psychological
deficiency) then the causality is reversed. It is not becpesple are not married
that they commit suicide, rather it is because they have @mation to suicide that
they do not get married.

e The second problem is the substantial dispersion showndsetdata. Con-
sider for instance the ratios unmarried/married for menvdfaccept the hypothesis
that each line provides a result for a specific realizatioa phenomenon which is
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basically the same in all countries, then the accuracy afdeimeasurements appears
fairly poor. For France considered at different periods,difference represents 18%
but for France and Britain considered in almost the same itnteeval the difference
represents 48%; for France and Britain considered in almost the same tirtexval
the difference represents 48%. For physicists an error bdB% (or even one of
18%) would be considered as a very poor accuracy.

In order to respond to the first objection, a natural idea motwsider groups in which
people cannot get married even if they wish to do so and evamrmal conditions
they would be able to do so. Several groups of this kind candmsidered. For
instance monks or Roman Catholic priests cannot get marfad there are two
difficulties. (i) It can be argued that the fact of becomingnk® or priests reveals a
special form of character which may involve an inclinationsuicide (ii) We were
not able to find reliable data for the suicide rates of monkgragsts. Groups of
immigrants are much better candidates. When immigrant arsr&ome to the United
States, usually, the men come first and once they have beertaget a job and
find a house they ask their wives and families to join them. Asm@sequence, the
male/female sex ratio of immigrant groups is almost alwagsér than 1; in some
specific historical situations it may be much larger thanrithie mid-19th century
many Chinese workers were recruited to build the TransgaRidiilroad; as a result
the sex ratio of Chinese immigrants reached a maximum valu& o' = 27 in
1890. After that date it decreased steadily eventuallyiegca quasi-equilibrium
level of 1.02 in 1970,

Now, that we have found a situation which should provide adgaaservation point,
there are of course two additional questions.

e Are there suicide rate data for Chinese immigrants and foeAcan citizens
of Chinese descent? The answer is yes. This is due to theh&tchimerican statis-
ticians have traditionally given much attention to the auteristics of ethnic sub-
groups in the American population. In a country like Frante,statistics of that
kind would be available. The American data were publishedually in a series
which, before World War 1l, was entitled “Mortality Statis$ of the United States”
and which subsequently broadened its scope and title total\@tatistics of the
United States”.

e Once the sources for the data have been identified there oldem of get-
ting access to these publications. This could seem a fairypnpractical problem,
yet before the advent of the Internet it was a very serious Boeinstance, the col-
lective catalog of French university libraries shows tlhat previous publications are
only available at the National Library and even there sonas/ée.g. 1939-1944)

SFor these percentages the denominator is the average efohatues.
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are missing. Thus any broad statistical investigation wdé very cumbersome.
Now, thanks to the Internet, any of these volumes (each ohtb@mprising about
one thousand pages) can be downloaded within a few minutes.

Now that we have defined a suitable situation, that we hava bbk to find the
relevant data, let us what these data tell us. But beforagithese results we would
like to explain why a more standard approach (for the saka®fity we call it the
econometric approach) fails. One could make the followirgument. “Why is it
necessary to study such a special case as the Chinese imtaRjifione considers
the 50 American states, they are characterized by sex natiosh all are different
from 1. Thus, in a state where the M/F ratio is greater than same males cannot
get married, hence one would expect a higher suicide ratesof faven if the effect
Is small, one may think that there is nevertheless a goodoehtanget a meaningful
result because one now has 51 cases instead of just one”erimapting the proce-
dure suggested by this argument leads to the graph in Fig.sXaA be seen, this
scatter plot shows no clear direction. Clearly the effeet te wish to observe is
dominated by the noise; by this term we understand all laoabts (apart from the
sex ratio) which differ from state to state. Statisticaltsesio matter how sophis-
ticated they are, will be unable to extract any clear infarorafrom such a noisy
dataset.

The results for the population of Chinese immigrants aresgméed in Fig. 4. The
horizontal scale gives the M/F sex ratio. The data point whimrespondstd//F =

6 corresponds to the mid-1920s and are the first date at whicldsuate statistics
were available. At this time the sex ratio had already desgddrom its peak value
of 27 in 1890 to 6. The graph shows that, as expected, thedsuiates decrease as
the sex ratio tends toward 1 that is to say as more and more areget marriefl
The same observation can be made for Japanese immigrankss base, however,
the sex ratio is much smaller which means that a test restrichly to the Japanese
group would not have been very significant.

How has the “theoretical” curve in Fig. 4 been obtained? hased on three con-
siderations (for the sake of simplicity we restrict the dission to men, the same
argument applies for women) (i) Our starting point is theardt,, of suicide rates
for unmarried versus married people. In table 1 this averatie is 2.8; however, as
none of the populations considered in this table are Chjrsesre freedom in the ad-
justment of this parameter is required. It turns out that= 4.2 is more appropriate.
(i) The suicide rate of the males will be a weighted averagine rates of married
and unmarried men. (iii) The suicide rate of married mgrtan be derived from the

®It is implicitly assumed that the Americans of Chinese dasoaly marry in their community; this was largely true
at that time. Another assumption is that all males who candisdouse due to the M-F composition of the population do
indeed get married.
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Fig. 3: A failed attempt to show the effect of marital bonds onsuicide. Horizontal scale: sex ratio
M/F; vertical scale:

R = Suicide rate of mefSuicide rate of women.
Each of the data points corresponds to an American state {{péuDistrict of Columbia). The suicide
rates are averages over the five years 1979-1983. For M/€rllrgn 1, one would expect the suicide
rate of men to increase with M/F whereas at the same time ib&leuate of women should remain
constant, thus resulting in larger valuesof Similarly, for M/F smaller than 1, one would expect
the suicide rate of women to increase as M/F becomes smafidrthuskz to become smaller. The
expected behavior aR is represented by the solid line. However, the data pointsi&llow any
trend (the coefficient of correlation &2 + 0.3 which signals a non-significant correlation). This
failure should be attributed to the fact that M/F is very elds 1, therefore the effect that we wish
to observe is too weak compared to the impact of all otheofaadn suicide; these factors act as a
source of background noise. In order to observe the effeatafiage on suicide more clearly this
effect must first be amplified by selecting a situation whev& M much larger than 1. This is done
in Fig. 4. Source: WONDER database (available on the website of thee@eior Disease Control).

situation corresponding to a sex ratio equal to one. In tlaig we geti,, = 18
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Fig. 4: Suicide rates in the Chinese and Japanese communisi®f the United States.The graph
shows the (total) suicide rate of people of Chinese (stard)Japanese (dots) descent established
in the continental part of the United States. The star cpoeding to a sex ratio of 6 is for the
years 1923-1924. In subsequent years the sex ratio of thee€dhicommunity decreased steadily
until reaching a value around 1 in the 1960s. As the sex r&mehsed, more and more men were
able to get married and one therefore expects their suicideto decrease. The curve represents this
expected evolutionSources: Mortality Statistics of the United States whichssguently became
Vital Statistics of the United States, various years. Alaal volumes are available online on the
website of the National Center for Health Statistics.

Another confirmation of the previous mechanism can be obthfrom the suicide

rates of women. In this case one does of course not expecteurgake because
the women were always able to find husbands. Observatiorihgleows that the

suicide rate of women fluctuates around an average line uiittloowing any trend

(see Roehner 2007, p. 185).

Two objections can be raised to which we wish to respond.
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e A first objection would be to say: “The income of the Chinesd dapanese
immigrants increased in the course of time, so it is not ssirpy that their suicide
rate has been decreasing.” It is of course true that the iecama wealth of these
iImmigrants has increased during the period of time coneulér Fig. 4. However,
it is not true that persons with a higher income are less likely to cdmsmicide;
indeed, there seems to be a fairly clear relationship betvwgeeide and income at
least for the highest income brackets; this relation shtyvasthe higher the income,
the higher the suicide rate (Durkheim 1897, Il, chapter Var&bver, the evolution
of the suicide rate of women also shows that the increaseconie had very little
Impact on suicide rates.

e Another objection would be to say: “Is the decrease in seicates not com-
mon to the whole American society?”. The answer is no. Fotlthiéed States the
average suicide rate first increased from 1925 to 1935, tleeredsed until 1950,
then remained fairly stationary. In other words, the evolubf the overall suicide
rate is very different from what is observed in Fig. 4.

Although this case seems to be fairly convincing one caneotdntent with just
one case. One of the most important characteristics of physithat once a new
phenomenon has been discovered, the experiment is rep@esteally in slightly
different forms) by other teams throughout the world. It rdyoonce this process
has been completed successfully that the new effect getssmidad acceptance.
Similarly, it would be important to test suicide rates fommgrant groups in other
countries than the United States to make sure that the effexit specific to one
country but has a broad validity. Of course episodes inmgjvmmigrants are fairly
common. For instance the sex-ratio of Chinese immigransuistralia in the 19th
century was also very high, but so far we were not able to fincice statistics for
these immigrants. Nowadays, the immigrants from PakistahBangladesh who
work in Dubai are an overwhelmingly male population and widhlerefore provide
a good test. Unfortunately, there are no suicide statiftic®ubai’. Even though
we have not yet been able to found data for another case tkeatra mean that it
Is impossible. On the contrary, thanks to the Internet wenakg in this respect in
a much better position than ever before. The main obstaclehwndiill remains is
the language barrier. For instance, there may be usefulate@hinese or Japanese
websites but if these websites do not contain English kesdsvbwill not be able to
find them unless | use Chinese or Japanese key words.

’On its website the organization “Human Rights Watch” mamgithat in 2004, the embassies of India, Pakistan and
Bangladesh returned the bodies of 880 construction woberk to their home countries. Yet the Dubai emirate, the only
emirate to keep a count of migrant worker deaths, recordéd3hconstruction deaths that year, based on reports from
only six companies. If not even the deaths are reliably medit is difficult to trust any data about causes of death.
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4 Models

Many papers published by econophysicists rely on modelirwat is why it is im-
portant to explain the role of models in the observationeldaegpproach described in
this paper. First of all one should realize that there is agildference between mod-
eling in physics and modeling in the social sciences. In Eisythere are many basic
principles (e.g. conservation of energy, momentum, amguamentum, Newton’s
law of motion, the three principles of thermodynamics, theaddnberg uncertainty
principle, and so on) with which any model must be consist&éhts put great con-
straints on the construction of models. Therefore, if onabke to come up with a
model which is consistent with the basic principles and Whgcalso in agreement
with the data, there is a good chance that this model realigrd®es what happens.
In sociology and in economics to our best knowledge theranarprinciples in the
sense in which this word is used in physics that is to say ml@sh can be tested
with a high accuracy. As a consequence, the situation of himdleling in the so-
cial science is completely different. Basically, any reskar can imagine a mecha-
nism which he (or she) thinks represents what happens. Btarioe, for modeling
stock markets there are (at least) four families of modetsetaespectively on: (i)
a minority game mechanism (ii) a distinction between st¢edatrend followers and
fundamentals followers (iii) a pattern of log-periodic fluations in the vicinity of
price peaks (iv) collective movement based on random mtterry?. With no con-
straints whatsoever on the construction of possible modedsems clear that there
can be as many models as researchers. This is basicallytwlagian which prevails
in sociology. Yet, models certainly can be useful. Our os®on-based perspective
leads to the following requirements.

e Any parameter introduced in a model should have a clear tipas inter-
pretation in terms of observations. In this way, the paranmseshould, at least in
principle (which means that it may occur that the requireth@ae not available) be
directly measurable instead of being adjusted.

e The model should suggest new observations. Once built, duehcan predict
the behavior of the system even in limiting cases (for instawhen a parameter
tends to the limiting values of its interval of variation)which no observation has
yet been carried out. As an example consider the model whies ghe period of a
pendulumI’ = 2m,/l/g, wherel is the length of the pendulum apdhe acceleration
of gravity. Whenl — 0, thenT" — 0, which means that the oscillations of a very
short pendulum become very rapid. To check this predictidhprobably require
the construction of a new pendulum especially designediisrgurpose. It should
have a very small mass otherwise the simple pendulum appediin will not be

8More details on these models can be found in the Proceedirige @rague Conference (Bouchaud et al. 2001).
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correct when becomes very small; moreover, the articulation must have hitle
friction, otherwise the pendulum will stop almost immedigit(when! is small the
pendulum has very little potential energy even for a largeainangle). Once built,
such a pendulum will provide an interesting verificationled tnodel in a case which
Is different from the standard situation for which the mokla$ been set up.

The same procedure can be used in the social sciences.g.@t@parameter go to

a limiting valuea, will produce a prediction for a situation different from thee for
which the model has been set up. But, in the same way as we badda specially
designed pendulum, now we have to find a real situation in kvthe parameted
really takes the value,. This may not be easy. However, if such a situation can
be found it will provide a test of the model which igeal testin the sense that this
behavior is different from the situation for which the models built initially. If the
prediction of the model is indeed in agreement with obseyaathis will increase
our confidence in the adequacy of the model.

The implementation of the observation-based approachridesian this paper cru-

cially depends upon the availability of a broad collectidrmata corresponding to a
variety of situations. In order to study the effect of a gifaator or in order to test
the prediction of a model, one has to pick up the right siamatiFor instance, if we
wish to study the effect of income on suicide rates we woukldn#ata for extreme
cases that is to say for a population which has become vdryrithe course of time.

The population of a small oil-producing country where proiian has been in rapid
increase would provide a good testing ground. Before theaidof the Internet it

would have been very difficult to find data for such a countuy,iow it is no longer

impossible. That is why it is now the right moment to develois approach .

Finally, we must answer a last objection. What makes us\eetieat this approach
works? After all, social systems are often said to be “coxijpdad it is not obvious
that an approach designed for physical systems may appheto.tin reply to this
objection one can make two observations.

e The approach advocated in this paper has been successtullgah physics
but also in meteorology. Atmospheric phenomena are céytaiitase where it is
difficult to separate one effect from another. Yet, this wakieved and gave us
a fairly good understanding of most meteorological phenmmerlhe fact that the
prediction horizon still does not exceed 8 or 10 days is dubedact that the input
data required to run the equations on huge computers araatitietailed enough
and also probably to the chaotic character of some phenamena

e \We do not think that societies are complex systems in the samse as a living

9The reader may also wish to have a look at a related articlelfRer, 2008) which develops a similar argument but in
a social science perspective; this may complement theprpsént of view especially for readers who are not physgist
it also contains a much more references.
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cell or a brain are&eomplex system<Cells and brains are the results of an evolution
process that covered four billion years. In contrast, d@seare at most 1 million
year old, and some important components of societies suchwashes, states or
armies are even much younger. It is probably more adequatgytthat societies are
complicatedsystems. What makes them complicated is the fact that tleelgighly
heterogenous systems composed of many different kindsemftagpriests, warriors,
peasants, craftsmen, and so on and so f@rtfihe methodology delineated in this
paper was put to work in a series of studies. The overall cmah is that it was
indeed possible to distinguish separate modules and mischsuacting in more or
less independent ways (see for instance Pattern and repe002).

Acknowledgments Different versions of this paper have been presented irrakve
talks given by the author during a two-month journey to Spaga, China and Japan.
I would like to express my sincere gratitude to my Singapurizhinese and Japanese
colleagues who invited me to give these lectures as well adl jparticipants for
their helpful comments and suggestions. This experience nea only profitable
from a scientific perspective, but also quite enjoyable kisao the warm welcome
granted by my hosts; many thanks in particular to Yuji Arukel &ohru Nakano
(Chuo University, Tokyo), Belal Baaquie (National Univéyf Singapore), Zengru
Di and Yougui Wang (Beijing Normal University), Hideki andiséko Takayasu
(Tokyo Institute of Technology), Xiaoqun Wang and MinhuiaBgguan (Renmin
University, Beijing), Kiichiro Yagi and Hideaki Aoyama (lrersity of Kyoto), Bo
Zheng (Zhejiang University, Hangzhou), Wei-Xing Zhou (E&&ina University of
Science and Technology, Shanghai).

References

Bouchaud (J.-P.), Marsili (M.), Roehner (B.M.), Slaning) @001: Application of
physics to economic modelling. Proceedings of the NATO Awteal Research
Workshop, Prague 8-10 February 2001. Physica A Vol. 299, 1-2

Durkheim (E.) 1897: Le suicidéEtude de sociologie.&fix Alcan, Paris.

Roehner (B.M.) 2007: Driving forces in physical, biolodicand socio-economic
phenomena. A network science investigation of social b@mikinteractions.
Cambridge University Press, Cambridge.

Roehner (B.M.) 2008: Econophysics: origin, basic priregpnd perspectives. An

10The same observation applies also to stock markets. Whatsrsaéick markets complicated is the fact there are many
different kinds of companies and many sorts of agents froenstnall long-term investors, to day traders, to managers
of huge investment funds; in addition, stock markets arenapestems which are sensitive to many exogenous shocks
whether economic, political, military or social.

15



article to appear in the “Encyclopedia of Complexity andt8yss Science” to
be published by Springer in 2008.

Von Neumann (J.), Morgenstern (O.) 1944: Theory of gamesandomic behavior.
Princeton University Press, Princeton.

16



