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Abstract
Environmental issues are characterised by uncertainty and problems of cooperation. So-

cietal responses to such challenges are Institutions: beliefs, norms, relationships, property

rights, agencies etc. We discuss here a bottom-up approach to the emergence of institutions

such as beliefs and norms in pollution issues and agri-environmental policy implementation.
The models are based on networks of automata, Bayesian updating and coupled map lat-

tices. They exhibit clear organisational properties and regime transitions according to their
parameters. The behaviours predicted by these models often di�er from the predictions of

standard economy based on unbounded rationality.

1 Introduction

Environmental issues are characterised by uncertainty and problems of cooperation.

- Uncertainty has always been a constant of our climatic and biological environment but

it recently increased due to the novelty of certain technical processes (e.g. nuclear power,

use of new chemicals in agriculture and industry, new seeds). Uncertainty also increased
because of the new magnitude and the global aspect of the human impact on environment

(e.g. resource depletion, water pollution, global change). Finally, even when the physical

and chemical properties of the processes are well understood, their biological impact is much

harder to assess.
- The use of environmental resources, or pollution of the environment, might be bene�cial

to the individual or the �rm, user or polluter, and detrimental to the community. (see e.g.

Hardin (1968), the tragedy of commons).

Societal responses to such challenges are Institutions such as: beliefs, norms, preferential
links, property rights, agencies etc. (as discussed for instance in North (1990) in the general
case). A number of religious beliefs and taboos of so called "primitive societies", such as
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animism, are institutions which most probably relate to the preservation of the environment

of these societies. Historical records about property rights in relation to the use of environ-

mental resources are well documented (see references in Ostrom et al. 1999 e.g. Ostrom

1990). Agencies to regulate �sheries or air pollution appeared in the modern times.

Most of us are convinced that simple market mechanisms as described in the neo-classical

economics of General Equilibria are not suÆcient to ensure sustainable development and that

new institutions, or at least a renewal of institutions, (the word being used in the above de-

�ned meaning) are necessary. Hence the proposals to change property rights, invent new

taxation or emission rights, to have new international agreements and agencies. In fact most

of the discussion about the role of institutions is presently based on a top down approach:

some entity, most often a state, or a collection of states, decide on some environment policy

and how to implement it. There are probably situations where we can learn a lot from the

top down accounting approach. But such a view neglects issues about uncertainties, inho-

mogeneities in the appreciation of environmental values, distributive decision making (the
fact that decisions are taken by inhomogeneous committees) and obedience of constituents

(people concerned by a decision might not abide by the decision).

In those cases when uncertainties and inhomogeneities of views and interests are impor-

tant, or when obedience to the central government is is not certain, the bottom-up approach

makes more sense than top-down. In a bottom-up approach, one starts from individual

agents with partial knowledge about their environment. Their choice of decision for action
depend upon their motivations and their internal representations of the world. Motivations

can concern economic well-being, free time, aesthetic or moral values...They might include
discount factors concerning future vs. present. An internal representation of the world (in a
modeling context) is typically a set of parameters adjusted by learning which allow agents

to do prediction about the usefulness of their actions: e.g. linear predictors, weights in a
neural net model, estimated parameters of a function. Both sets of parameters, those shap-

ing motivations and those shaping internal representations, are adjustable by learning. The
learning process allows for adaptation and explains the diversity of opinions: agents sample
world conditions, but don't share the same experience.

This framework is typical of decision making: how do agents with imperfect knowledge

acquire new information and take individual or collective decisions on which product to buy,
which technique to use, whether to abide by regulations or subscribe new environmental

contract (see further the example of AEMs discussed in section 2). Dynamics becomes more
intricate when one takes into account the fact that agents actions impinge on the state of the

world, and that the resulting changes of the environment modi�es agents parameters. The
dynamics of agent interactions unfolds and shapes institutions: beliefs, routines, eventually
cooperation ... and the state of the world. Figure 1 exempli�es a typical loop structure with

cyclical interactions between agents and their environment. This �gure could apply to any

societal issue, such as the organisation of a market in economics for instance: in that case

we would replace the word environment by market in �gure 1. What is speci�c to a number

of ecological economics problems is that the time scales of the dynamics of cognitive and
environmental variables are comparable; a standard approximation of economics, namely

the simplifying hypothesis of constant beliefs and preferences does not apply to the issues

we are dealing with. The hypothesis of constant beliefs and preferences \cut the loops" and
makes modeling much easier.
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Figure 1: The loop of interactions between agent cognitive properties and their environment.

Agents take decisions and act according to their beliefs, which are built by sampling and
processing data from their environment. These actions change the state of the environment.

In our case, the diversity of the agents, and the complexity of their interactions, both
mutual and with their environment, naturally call for a complex dynamical systems approach

(Weisbuch 1990). This consists in using numerical simulations as test-beds of simpli�ed
socio/environmental systems and concepts taken from non linear dynamics and statistical
mechanics to understand the dynamical behaviours observed in the simulations. Rather than

staying at this level of generality which gives little insight to those who are not yet familiar
with these modeling concepts, we propose to illustrate them with two examples taken from
the modeling of environmental issues.

� Adoption of environmental measures by a population of farmers (Weisbuch and Boud-

jema 1999).

� Pollution by �xed emitters (Weisbuch et al. 1996).

These examples are based on a bounded rationality approach, in the sense that agents
have imperfect knowledge about their environment. The institutions that we describe are

beliefs and norms of behaviours. Our main focus is descriptive, but the results presented

could also be used for policy implementation. Extended versions of the models that we dis-
cuss here have been already published with many more simulations and formal computations

and we will not give all the details here. Our readers can refer to these publications or their
extended versions on our web side http://www.lps.ens.fr/~weisbuch.

Apart from stressing the strong connection between bounded rationality and environ-

mental issues, the purpose of the present paper is to illustrate the wide range of possibilities
within the complex systems approach and some of its limits.
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2 Innovation di�usion

The discussion in this section will speci�cally refer to a model of the dynamics of adoption

of agri-environmental measures by farmers in Europe, but as said above, there is a large
variety of related models discussing similar questions such as: how do social agents take

decisions on which product to buy (F�ollmer 1974, Kirman 1993, Orlean 1995, Latane and

Nowak 1997, Galam 1997, Janssen and Jager 1999), which technique to use (H�agerstrand

1965) or whether to abide by regulations. We here concentrate on the issue of innovation, i.e.

we take initials conditions such that a large majority of agents are using the old technique
and only a small minority starts using the new one.

The European Union is presently proposing �nancial help to farmers who accept to

modify their agricultural practices towards environmentally friendly practices such as input

(fertilisers and pesticides) reduction, biological farming, set-aside etc. (refer to the Agenda

2000 Web site). In practice, at some local level, farmers have to decide whether to accept

a contract (to be further called an AEM for Agri-Environmental Measure) implying some

�nancial help in exchange for the adoption of well de�ned agricultural practices in their

farm. Such a reorientation of the Common Agricultural Policy from subsidies to production

towards subsidies to environmentally friendly practices involves a lot of changes, equivalent

in amplitude to those induced by the technical revolution (mechanisation and use of chemical

fertilisers) for farming in the beginning of this century or the green revolution (use of chemical

and new cultivars) in the less developed countries. We might expect uncertainties to be very
important for farmers (Lazzari 1998), and that the present process will develop in time: hence

the idea to use a dynamical approach similar to the one used in the study of technological

change.
In fact, most modeling of innovation di�usion is presently based on the ideas that:

� a new innovation is always bene�cial;

� the rate of adoption of the innovation is limited by the propagation of information
from innovators to potential innovators.

The standard metaphor is then epidemiology, and innovation di�usion is treated as the
propagation of an epidemics through a susceptible population: individual "infection" events
are thus proportional to a frequency of encounters between infected and non-infected indi-

viduals. In the case of random encounters across the whole population, these hypotheses
lead to a logistic equation and the well-known S curve for adoption dynamics. We will here

depart from the standard metaphor.

� A �rst feature, di�erent from the hypothesis of random encounter across the whole

population, is to suppose the existence of a social network : exchanges of information

pertinent to the choice only occurs among individuals directly connected through a
social network (we call them neighbours)(Degenne and Fors�e 1994, White web site).

� A second feature is the inhomogeneity of agents. We take into account the fact that the
innovation might not be equally pro�table for all agents and that they care di�erently

about the di�erent aspects of the innovation:

4



{ Some agents might be in a position such that the innovation is clearly bene�cial

according to their own criteria and they should adopt it as soon as they hear

about it;

{ for others the extreme opposite is true: whatever other agents are doing, they

should not adopt;

{ the less determined agents rely on the choice made by their connected neighbours.

We will be interested in the situation where very few agents are initial adopters and when

social factors dominate the dynamics of adoption. Farmers choices are based on their e-

valuation of the advantages of taking environmental premiums in exchange for environment

friendly practices, plus imitation terms taking into account the information that they get

from neighbours which have already made their own choice. More speci�cally, for each choice,

adopt or not adopt, farmers compute a utility function taking into account economic factors,
considerations about time schedule, pleasure, state of the environment, psychological factors

such as fame or good relations with neighbourhood etc ... Let us consider two models for

imitation through neighborhood.

2.1 The percolation model

In a very simple model (Solomon et al. 1999) of innovation di�usion a farmer adopts when-
ever:

� at least one neighbour has adopted;

� The utility of adopting for this farmer is larger than the utility of non adopting.

The notion of a neighbourhood here refers to social neighbours as de�ned by a social network:

a direct link should exist between farmers to be neighbours. One interpretation of the
�rst condition is that awareness about the innovation is triggered by at least one adopting
neighbour. The second condition a priori divides the set of potential adopters into those who

will never adopt, and those that are susceptible to adopt provided that one of their neighbors
adopts. If a small number of individuals initially adopts, the fraction of actual adopters
increases in time following the propagation of inuence along the social network reduced

to potential adopters. If this reduced network is random, the phenomenon of percolation
(Stau�er and Aharony 1994) dominates the dynamics: if the fraction of potential adopters

is larger than the percolation threshold (e.g. 0.59 on a square lattice with nearest neighbors,

0.40 on a square lattice with next nearest neighbours, 1=k on a random net with connectivity

k) the fraction of adopters approaches one as time increases. In the opposite case, this

fraction remains close to zero. The transition between the two dynamical behaviours is a very
abrupt function of the fraction of potential adopters. It has been well studied in percolation

theory. Close to the transition, the fraction of actual adopters has large uctuations as a

function of the actual distribution of adopters in the networks: the same total fraction of

potential adopters might result in adoption fractions varying between zero and one. The

above analysis applies to any network, regular or random, with or without loops. What

might change between nets of di�erent kind is the percolation threshold.
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2.2 Networks of threshold automata

The model is generalised (Weisbuch and Boudjema 1999) when we consider the possibility

that some farmers may adopt only when several neighbours have already adopted. A possible

interpretation is "voting": farmers i add up their neighbours opinion to take decisions.

Perceived utilities Uo

i
for each option o, adopt or don't, are then computed as the sum of:

� a random term uo

i
�xed a priori at the beginning of the simulation which represents

the a priori utility of the option to farmer i;

� plus an imitation term depending upon the choice made by their neighbours.

Uo

i
= uo

i
+
X

j

Jj (1)

where the sum is extended to all neighbours j who chose option o ; Jj is the weight of

neighbour's j opinion. Farmers decision are: adopt if the perceived utility of the AEM is

larger than its non adoption. Technically speaking, both models are networks of threshold

automata (Vichniac 1986, Weisbuch 1990, Galam 1997).

2.2.1 Simulations

Starting for a weak density of initial adopters, simulations show the evolution of the fraction

of adopters in time. Their output are spatio-temporal patterns, which sometimes remain

localised to a small set of early adopters, or eventually grow to �ll a large part of the
network (visualization of the spatio-temporal patterns is easy for a 2-d grid, but similar

results are also checked on random nets by measuring adoption rate in time). The typical

question that we want to answer is:
What is the �nal fraction of adopters in the farmers population for a given distribution

of a priori utilities and a given connection network with inuence weights?

2.2.2 Main results

The general answer to the above question is that for a wide range of distributions and con-

nection structures, global information is not suÆcient to predict adoption. Most often local
information is necessary. Under a large set of social network topologies and hypotheses on
the distribution of farmers characteristics, premium uptake depends upon local character-

istics of farmers and their network. For the same average characteristics uptake rates can

be either 0 or 100 perc. This herding behavior is typical of imitation processes, and we

observed it even in the case of agents with a large distribution of characteristics, provided
that the width of the distribution is smaller than the social interaction terms. Choice is
often uniform but hardly predictable, unless one has local information on the repartition

of agent characteristics. This outcome is well understood: adoption patterns are able to

grow and �ll most of the social network only when some initial adopters are grouped as well
characterized seed con�gurations; when this is not the case, e.g. when they are isolated, one

does not observe any further adoption. (see Weisbuch and Boudjema (1999) for a thorough
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analysis). The equivalent phenomenon is well known in the physics of phase transitions: a

nucleation process is necessary for a phase transition to occur.

These results are very di�erent from those expected when one only takes into account a

priori utilities, which would be a model of full rationality. In such a case one easily predicts

the adoption of all farmers with a positive di�erence in priori utilities. To summarise:

� Full rationality yields exact prediction of the fraction of adopters; this fraction can

take any value between 0 and 1 according to the distribution of a priori utilities of

farmers.

� By contrast bounded rationality yields diÆculty of prediction and herd behaviour, i.e.

adoption fraction often take values very close to either 0 or 1.

3 Pollution

Economic choices involving pollution, like those concerning common resources, relate to

uncertainty with respect to social costs and to the emergence of cooperation among actors.

Furthermore, since pollution propagates in space, the temporal dynamics of economic choices

is coupled to the spatial dynamics of pollution. We then expect that simulation will produce
spatio-temporal patterns of adoption and pollution. The purpose of the model (Weisbuch

et al. 1996) described below is to determine under which conditions economic agents would
agree to pay the extra cost of devices, such as catalytic converters, that prevent polluting the

environment, Thus, once more we discuss adoption under social inuence, but also taking
into account the inuence of the state of the environment on the decision process. In that
respect the model implements the complete loop of interactions described in �gure 1, which

was not the case of the previous section where the state of the environment did not explicitly

modify the agents' views.
A simple example that we use throughout the discussion is that of two brands of otherwise

equivalent equipments, except for the fact that one brand is polluting and the other one

is not. When pollution costs are not taken into account, the a priori utility of the non-

polluting equipment is lower than that of the polluting equipment, because of the cost of
the depolluting device. If the agents were fully rational (i.e. if they were fully informed) and
cooperative (no cheaters), they would accept to pay for the converter a price up to the cost

of pollution generated by each polluting equipment. We proposed a model based on bounded
rationality which shows that agents only agree to pay a fraction of the cost of pollution. In

this model, derived from Arthur and Lane (1993), agents compute the utilities of both brands

according to their a priori expectations and the opinion of their neighbors about the brand

they have chosen, their risk aversion, and the cost of local pollution. The model supposes no

government intervention, except perhaps a tax on polluting equipments, and that the agents
have no global view of the real cost of pollution associated with each brand. They simply

experience the decrease in utility of the brands due to present local pollution. Due to the

locality of information exchange and the di�usion of pollution, agent opinions depend on
time and space. The model takes into account several coupled dynamics: those of pollution,

of agent internal representations (corresponding to beliefs in �gure 1) and of their choices.

We are ultimately interested in the time evolution of the market shares of polluting and

7



non polluting equipments, and how it depends on the parameters governing the economic

variables and especially the dynamics of the internal representation of the agents.

3.1 The model

3.1.1 Computation of the utilities

The agents choose equipments according to their "internal representation" of the charac-

teristics of the products. These internal representations are probability distributions of the

utility of each product that are computed according to the following procedure.

- Agents access some public information about the performance of each brand i, rep-
resented by a normal prior probability distribution , with mean �i and standard deviation

�i.

- They take advice from n other purchasers (in the reported simulations these are the

eight closest neighbours on a square grid), among which ni bought brand i. Only those ni

purchaser that bought brand i contribute to the information about brand i by sending a
measure of its utility:

Xi = �0(i)� P + � ;

where �0(i) is the average utility of brand i in the absence of pollution. Since the sampled
purchasers already possess the brand, their opinion about the brand includes the negative

e�ects of pollution. We suppose here that they don't know a priori how much extra pollution

is associated with the polluting equipment: the decrease in the experienced utility is then
proportional to local pollution, irrespective of which brand they have purchased themselves.

Utility is then decreased by the presence of pollution P expressed in the convenient cost
units. �, representing measurement error, is a normally distributed random variable with

mean 0 and standard deviation �ob.
The agents process this information to obtain a posterior distribution of performances.

This processing is done by taking the convolution products of Gaussian integrals correspond-

ing to the prior and to the information obtained from other purchasers. The average expected

posterior utility �post;i is then:

�post;i =
1

ni + �i

[
niX

j=1

Xi;j + �i�i] ;

where index j refers to the pooled agent. The mean utilities are averaged with a weighting
factor that is inversely proportional to the variance of the distribution:

�i =
�2
ob

�2
i

;

The Bayesian learning process is thus reduced to the simple iteration of the two above

equations.

Economic agents are adverse to risk. The greater the uncertainty in the value of a

product, the less they are likely to buy it. To take into account risk aversion of the agents,

we use a classical mean variance utility function: one more term, proportional to the variance

of the posterior distribution, is added to �post;i to compute the e�ective utility function Ui

used by the agents to choose their equipment:
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Ui = �post;i � ��2
post;i

= �post;i � �
�2
ob

ni + �i

;

where � is the risk aversion parameter and �2
post;i

is updated by narrowing the variance

according to the number of sampled purchasers. The complete expression for Ui is then:

Ui =
1

ni + �i

[
niX

j=1

Xi;j + �i�i � ��2
ob
] ;

Upon computing Ui for each product, purchasers choose the brand with the highest

expected utility.

3.1.2 Pollution dynamics

The dynamics of the agent representations and choices interacts with the di�usion dynamics

of emitted pollution. Agents occupy the cells of a two dimensional grid that represent space.
Polluting equipments generate pollution at a constant rate s. This pollution di�uses in space

according to Fick's law, and part of it simply disappears locally ( through decomposition for

instance). Pollution, P(r,t) in r at time t, obeys the following partial di�erential equation:

dP (r; t)

dt
= D�P (r; t)� dP (r; t) + s ;

where D is the di�usion constant, �P the laplacian of P , d the decay term. s, the source
term, is only present when the occupant of the cell bought a polluting equipment. The s
term strongly couples the dynamics of pollution to that of the agents' choices. The range of
possible pollution levels correspond to �xed con�guration of choices. Pollution is zero when

all agents always bought non-polluting equipments and maximum and equal to s=d when

they all have always bought polluting equipments. s=d, the maximum pollution, reects
the cost of pollution, and is the natural scale on which to compare di�erences in the prior

utilities of the agents. However, since the agents only use local information, the gradient of
pollution times the range of polling is the relevant parameter to compare di�erences in prior
utilities as we checked in computer simulations.

Technically the model is then based on Coupled Map Lattices: the coupling terms are

due to information exchange between neighbouring sites and to pollution. A more detailed

exposition of the model is available in (Weisbuch et al. 1996). One interesting feature of the
model is that one can vary the inuence of past information memorized by the agent with

respect to information exchanged with neighbours.

3.2 Simulations

In a typical simulation, one starts from non homogeneous distribution of agent choices and

typically follows the time distribution of market shares and the spatial pattern of agent

choices. The most inuential parameter with respect to which attractor is reached is the

ratio of di�erence in prior utilities of brands to pollution cost (s=d).

� When this ratio is low, the system evolves towards total domination of the non-

polluting equipments with a market share of one (�gure 2);
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� When it is high, the system evolves towards a partial domination of the polluting

equipments with a market share varying from 75 perc. to one with a speci�c spatial

pattern (�gure 3).

The transition between the two regimes is abrupt with respect to the ratio of di�erence in

prior utilities of brands to pollution cost. Other parameters such as agent memory or risk

aversion, and initial con�gurations are less important.

3.3 Main results

The model shows that agents with imperfect knowledge are able to switch to more expensive

non-polluting equipments by comparing information about pollution costs obtained from
neighboring agents. When information sampling is local, the maximum accepted extra cost

for the non-polluting equipment scales as the gradient of the pollution cost times the range

of polling; it is then less than the cost of pollution. A surprising result of the simulations

are the coexistence regions with regular patterns of cheaters and cooperators as represented

in �gure 3. Local di�usion of information does not always bring homogeneity of choices.

Another interesting result is the fact that invasion of the polluted region by the non-polluting

equipments does not always proceed from the non-polluted region (see �gure 2). When mixed

metastable attractors are reached, the polluted mixed region can be invaded from islets of
non-polluting equipments that started as uctuations inside this region.

4 Conclusions

Emergence of Institutions and Regime transitions

The simple models that we proposed exemplify the use of Complex System Dynamics
in describing the dynamical emergence of Institutions such as beliefs and routines. The

behaviours that we interpreted as Institutions are well-characterised, and they often involve
the domination of one choice, adopt or not, don't pollute (but not the opposite in the example
that we discussed). In certain cases, e.g. for the AEM adoption, initial conditions determine

the outcome of the dynamical process.
These complex systems exhibit a characteristic behaviour called resilience. When a pa-

rameter of the system is varied one observes a stepwise response: little change as long as the

system remains in the same dynamical regime, but big changes when the parameter moves

across a transition. This response is characteristic of systems made of non linear elements

interacting via entangled loops, which is the case of our models and of most environmental
systems. In other words, socio-environmental transitions, for instance changing from the
domination of one behaviour to some di�erent pattern of behaviour, are most often abrupt:

� they involve large changes in market shares or adopters fraction;

� and they occur for an in�nitesimal change in parameters.

As we stressed, the behaviours that are selected through the dynamical processes are

quite di�erent from the predictions of unbounded rationality approach. In the approach

described here, agents have no strategic thinking. Still they react to the choices of those
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Figure 2: Evolution towards market domination by non-polluting equipments in case of an

intermediate di�erence in prior utilities: The six patterns represent the spatial distribution
of choices (black squares are polluters, light grey squares non-polluters) at times t=0 , t=6

, t=10 from left to right for the upper patterns and at times t=13 , t=15 , t=36 from left to
right for the lower patterns. Note the apparition and growth of islets of non-polluters from
the polluted region at times 13 and 15. The systems evolves towards complete domination

of the market by non-polluters at t=100 (not represented in this �gure).

Figure 3: Slow evolution towards a coexistence distribution among polluting and non-
polluting equipments in the case of a large di�erence in prior utilities. The three patterns

represent the spatial distribution of equipment choices at times t=0 , t=32 and t=1100, from

left to right.
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they are connected with and bear the consequences of their decisions in the case of the

pollution model. We are not using here any concept or hypothesis from game theory. For

instance, an important assumption of standard game theory, constant pay-o� matrix, is not

necessary in our approach. The constant pay-o� matrix would not allow to take into account

the lower arrows of the loop in �gure 1, namely the fact that actions of the agents gradually

change the environment and that these changes modi�es agents views.

Where do we stand with respect to comparison with empirical data and with respect to

normative approaches?

It should be clear at this stage that we do not pretend to reach the same kind of precision

as in accounting or in ecological modeling based on system analysis (refer for instance to

the UFIS/ECOBAS ftp-�leserver for ecological models). The reason is obvious: to get any

precision in prediction one needs to specify relevant parameters. This knowledge might

be available for models dealing with physico-chemical and possibly biological variables, but

cognitive and social parameters are much more diÆcult to assess. In the case of the adoption
model e.g., this would mean knowledge of the a priori utilities, (a knowledge most often

unknown to farmers themselves which is precisely why they have to resort to imitation !)

and of the social inuence network. These data are very diÆcult to assess.

On the other hand, the dynamical properties that we report, i.e. well characterised

dynamical regimes separated by sharp transitions, are robust with respect to the model

speci�cations: they remain the same for a wide range of parameters and for important
changes in the model, e.g. for regular lattices as for random networks. This is an indication

about the range of validity of the models: since some properties, that we call generic, are
observed for a large ensemble of models with di�erent complexity and realism, we might
expect these properties to remain true for real systems that are much more complicated

than the toy models that we described here.
In some sense we have traded the possibility of very speci�c predictions that we could have

made provided that we had a lot of data, for more general predictions which are less sensitive
to the availability of data. Still, this does not mean that the models cannot be compared
to empirical evidence: for instance in the case of adoption uptake of agri-environmental

contracts in Northern Italy, one observed a very di�erent uptake of AEM during the �rst

round: basically most farmers in Lombardia adopted, while those in Piemonte, a similar
and neighboring province did not. This contrasted behaviour in similar regions �ts with

herding behaviour and the sensitivity to the repartition of early adopters that we mentioned
in section 2.

Furthermore, the insight that we gain about which factors are important in the adoption
of new techniques can be used by agencies trying to promote these techniques. We have
shown for instance that when uncertainty about the new technique, and thus social factors

are important, more concentrated e�ort should be made to promote the new technology

during the early stages than if individual were fully rational (a more detailed discussion of

other possible strategies can be found in Weisbuch and Boudjema 1999).

On the opposite, observing the same generic properties for one model and some real sys-
tem does not prove the model or validates its detailed assumption. In the case of Lombardia

and Piemonte above mentioned, other explanations were proposed, such as the fact that

propaganda for the AEM was conducted di�erently in the two provinces. This alternative
explanation is not even contradictory with ours: a minor change in the repartition of ear-
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ly adopters due to the nature of propaganda might have been enough to ensure success in

Lombardia.

The real challenge is to test series of models and to classify them according to the generic

properties that they share with real systems. This challenge is not the standard challenge

in Science, at least according to the Popper's falsi�ability test, but it is more relevant to

environmental challenges faced by societies:

� What policies would bring robust results in view of the inherent uncertainties about

environmental issues?

� How to implement these policies across populations that are inherently inhomogeneous

in terms of interests and cultural values, not to mention their limited obedience.

Prospective concerning other types of institutions

We have here illustrated the notion of dynamical emergence of institutions in the relation

to environment for the case of beliefs - what is best? - and social norms of behaviour -

polluting or not, adopting or not - (although sociologists might dispute using the term norm
since our agents are not consciously following the norm). We might also consider that the

subsets of agents with the same beliefs and behaviours constitute emergent social structures

since the behaviours are re-enforced through social interactions.
Property rights could also be described as emergent institutions according to evolution of

power gained by certain groups, interest for the future and cooperation inside the group and

properties of the environment such as sensitivity to human exploitation. The same approach
could also lead to understanding the emergence of environmental agencies as intermediaries

between users and the environment.
To take a more general perspective, we have tried to show how complex system dynamics

o�ers a handle on how to deal with the intricate dynamics of cognition, social factors and

environment. The bad news for the modeler is the complexity of the task and the limitation
of the kind of predictions that can be made as we stressed above. On the other hand, since

agents change their views and preferences according to the state of the environment, some

hope for future improvement in the real world might be envisioned. Our civilisation is not
doomed to a chaos of pollution and resource exhaustion: this is good news for us as citizens.

Acknowledgments: We thank G�erard Boudjema, Guillemette Duchateau-Nguyen, Howard
Gutowitz, Jean Pierre Nadal, Sorin Solomon, Dietrich Stau�er, Julien Tayon, Jean Van-

nimenus, and the members of the IMAGES FAIR project, Guillaume De�uant, Massimo

Lazzari and Fabrizio Mazzetto for collaborations and helpul discussions. Part of this study
has been carried out with partial �nancial support from the Commission of the European

Communities, Agriculture and Fisheries (FAIR) Speci�c RTD programme, CT96-2092, "Im-
proving Agri-Environmental Policies : A Simulation Approach to the Role of the Cognitive

Properties of Farmers and Institutions". It does not necessarily reect its views and in no

way anticipates the Commission's future policy in this area.

Agenda 2000, http://europa.eu.int/cornm/dg06/envir/programs/index en.htm

13



Arthur, B.W. and D.A. Lane (1993), "Information Contagion", Structural Changes and

Economic Dynamics, 4, 81-104.

Degenne A. and Fors�e M. (1994) "Les r�eseaux sociaux", Armand Colin, Paris.

F�ollmer H. (1974) "Random Economies with Many Interacting Agents", Journal of Math-

ematical Economics, 1/1, 51-62.

Galam S. (1997) "Rational group decision making: A random �eld Ising model at T=0",

Physica A, 238, 66-80.

H�agerstrand, T. (1965) \A Monte Carlo approach to di�usion", European Journal of

Sociology 63, pp. 43-67.

Hardin, G. (1968) "The tragedy of the commons", Science, 162: 1243-1247.

Janssen M. and Jager W. (1999) \An integrated approach to simulating behavioural

processes: A case study of the lock-in of consumption patterns" Journal of Arti�cial Societies

and Social Simulation vol. 2, no. 2, <http://www.soc.surrey.ac.uk/JASSS/2/2/2.html>

Kirman A.P. (1993), "Ants, Rationality and Recruitment", Quarterly Journal of Eco-
nomics, 108, 137-156

Latan�e, B. and Nowak, A. (1997) "Self- Organizing Social Systems: Necessary and SuÆ-

cient Conditions for the Emergence of Clustering, Consolidation and Continuing Diversity",

in Barnett, G. A. and Boster, F. J. (eds.) Progress in Communication Sciences.

Lazzari, M (1998) Private discussions based on the following bibliography:

Poinelli M (1993) "Valutazione della convenienza economica delle misure agroambientali
introdotte con la riforma PAC" Genio Rurale, n.7/8, 19-22, Bologna, IT

Giardini L, Canterle A., Borin M., Berti A. (1997) " Confronto tra sistemi colturali a scala
aziendale Nota I: valutazioni agronomiche ed economiche" Rivista di Agronomia, vol.31, n.3,
521-530, Bologna, IT

Douglass North, (1990),' Institutions, Institutional Change and Economic Performance"
Cambridge University Press.

Orl�ean A. (1995), "Bayesian Interactions and Collective Dynamics of Opinions: Herd
Beliavior and Mimetic Contagion", Journal of Economic Behavior and Organization, 28,
257-274.

Ostrom,E. (1990), \Governing the Commons: The Evolution of Institutions for Collective

Actions", Cambridge University Press, New York.
Ostrom, E., Burger, J., Field, C.B., Norgaard, R.B., and Policansky, D. (1999). Revisit-

ing the commons: local lessons, global challenges. Science, Vol 284, 278-282.
Solomon S., Weisbuch G., de Arcangelis L., Jan N., and Stau�er D. (1999) "Social

Percolation Models" to appear in Physica A.
Stau�er D. and Aharony A., (1994) \Introduction to Percolation Theory", Taylor and

Francis, London.

UFIS/ECOBAS ftp-�leserver for ecological models: http://www.gsf.de/UFIS/u�s/index.html

Vichniac G. (1986), "Cellular automata models of disorder and organization", in "Disor-

dered Systems and biological organization", eds. Bienenstock E., Fogelman-Souli�e, F. and

Weisbuch G., Springer Verlag Berlin.
Weisbuch G. (1990), \Complex Systems Dynamics", Redwood City (CA): Addison Wes-

ley.

Weisbuch G., Gutowitz H. and Duchateau-Nguyen G. (1996), Information Contagion and
the economics of pollution, Journal of Economic Behavior and Organization, 29, 389-407.

14



Weisbuch G. and Boudjema G. (1999), \Dynamical aspects in the Adoption of Agri-

Environmental Measures", Adv. Complex Systems, 2, 11-36.

White D. R. http://eclectic.ss.uci.edu/~drwhite/guide.html

15


