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Abstract 

We present a schematic model involving adaptive agents who deposit resources in a "bank''. 
Their behavior is detemlined through a learning process based on two types of information. One 
(global) is shared by ali agents; the other (local) is derived from data that individuals obtain 
by observing their close neighbors. The system is able lo self-organize: the learning mechanisms 
aJlow ageuts to coordinate their deposit strategies. \Ve then analyze the e[ects of an exogenous 
disturbance which increases the likelihood that the bank is "illiquid" . Given this "fundamental" 
shift, the system can show contagion effects which can be interpreted as a ·'panic" . A!t hough 
the model is highly <;tylized, it is possible to tune its parameiers to rnimi,.. approximately the 
e\'olut.it-n d deposils during a recent ( l 995) banki11g crisis iu A rg,mtina. 

1 Introd uction · 

The t>·":tions of groups of economic- agents somPtimes appear to uc.dergo sudden changes. as if there 
wa~ a collective shift to a new mode of behavior. Such changes e:¿m Pmerge in several contexts; t he 
case of b;mk runs seems a particularly noticeable one. 

Banking panics have been interpreted in two ways [l, 2, 3, 4]: 

1) As events based on the diffusion of information about "economic fundamentals" , wh.ich induces 
the revision of beliefs about the prospects of the banking system ("informationally based" 
events), 

2) As pure coordination phenomena in a system with multiple potential equilibria, in which an 
"extraneous" event causes agents to change the state on which they coordinate their expecta
tions, leading to a shift in the observed configuration. 

Both explanations need not be mutually exclusive. It may happen, for example, that 
sorne macroeconomic news, which "fundamentally" modify the perceived return on deposits, induce 
a response which in turn triggers a self-reinforcing avalanche of withdrawals, thus amplifying the 
effect of the impulse. In this instance, the panic is not simply generated by a "sunspot" (since 
in "normal times" agents would disregard the possibility of multiple equilibria) but it <loes have a 
component whereby the observation that people are drawing their assets from the banks leads to a 
cascade of more withdrawals. 

We want. to study in a very schematic setting the interplay between two influences on 
behavior: (i) the beliefs of the agents about the "fundamental state" of the system, and (ii) the 
effect of what other individuals are observed to be doing. The first mechanism is modeled through a 
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' learuing procedure (a "genetic algorithm") which is based on the available economy-wide information 
that all agents share. Even though tbis information is the same for all the agents, eacb of them adapts 
his decisions starting from dHferent. initial "interpretations" of the flmv of data. Therefore, sorne 
diversity in decisions is to be expected. The second influence which we take into account corresponds 
to the infonnation that the individual has about the (good or bad) outcomes corresponding to the 
group of agents that happen to be his neighbors. We may interpret a response to this type of local 
information as a contagion effect. 

The model considers a large number N09 of agents, wbo receive one unit of resources at the 
beginning of each "day" . The unit can be deposited in a "bank" or kept by the agent. The choice 
must be made each market <lay. The depositors bear a cost if the aggregate leve) of deposits is lower 
than a certain threshold value S0 ( e.g. the bank cannot meet its contractual obligations) or higher 
than the value S1 ( e.g. due to 'congestion costs ). If the level of deposits stays between those two 
limits the depositors receive the benefit of a positive return. Individuals decide in advance a deposit 
strategy for the subsequent "week" of Nd days, determining which days they will make a deposit and 
which days they will keep the unit. These features are sufficient to generate a self-organization of 
the system in such a way that in the aggregate the daily deposits of agents are near the upper bound 
S1, except in sorne particular situations where the deposit pattern gets locked into a suboptimal 
state. 

We also incorporate a "local" coordination mechanism by allmving agents to choose a be
havior that imitates that of their neighbors instead of using the strategy derived from their own 
interna! mechanism of learning. We find that both influences (learning from the global infonnation 
and contagion from the close neighborbood) adjust to each other when the level of deposits is high; 
however, when deposits happen to fall "too much", the local effect may lead the system to a new be
havior (!>imilar to the transition to the magnetic phase in a ferromagnet) which has the characteristic 
of a bank run. 

In arder to study the interaction of both coordination mechanisms the system is disturbed. 
To do this we vary (exogenously) the lower threshold leve] of deposits, implying that a lower amount 
of potential withdrawal demands can be satisfied. In this case tbe "local" componen! takes over 
after a few periods, giving rise to a short transient which can be interpreted as the diffusion of an 
"awareness of a dangerous state". If the exogenous shock is reversed quickly, the syst~m soon returns 
to the undisturbed state. However, if the new value of t.he lower threshold is maintained, a "panic 
wave" builds up, with a large fall in the supply of funds to the banJ<. If now the exogenous parameter 
returns to its initial leve}, thus putting an end to the "fundamental" shift, a reorganization of the 
system takes place. This can happen in two possible ways. If the "bad fundamental state" has )asted 
for a long time, the model generates the possibility that all individuals retain their funds, leading to 
an autharchic equilibrium in which the banks do not receive deposits. Alternatively, if the crisis is 
short, the system again converges to a stationary state with a high level of deposits. 

In the last section we "calibra te" the parameters of the model to describe qualitative features 
of the recent (1995) banking crisis in Argentina. Although the model is extremely schematic and 
stylized, it is possible to identify the three periods mentioned above as well as sorne elements of 
collective behaviour that seem characteristic of crisis episodes and their aftermath. 

2 Coordination through global information 

The learning procedure that takes into account the globally available information acts by improving 
strategies which are based on the history of the returns obtained in successive visits to the bank. 
Each agent of the system has assigned a population of Np "deposit p lans" for the subsequent "week" 
o[ Nd days. To update the plans we use a "Genetic Algorithm" l6J. Each strategy is encoded in a 
"genome" that specifies each day whether the agent make a depo~it or retain the unit of resources. 
The genomes are initially selected at random, and are updated by selection, crossover and mutation 
l61, so that less successful strategies are progressively eliminated. 
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The formal steps are the following: Each agent possesses Np deposit strategies. Each 
strategy consist of a chain of Nd bits where Nd stands for the number of days of the "week" . Each of 
the Nag agents receives each "<lay" an income unit which can be deposited in the "bank" or ·retained , 
according to the current strategy. The "bit" P#L for the t-th "day" of the p-th strategy, of the k-th 
agent, takes the value + 1 (-1) in case that such agent , acting accorcling to that strategy, chooses 
to make ( withhold) a deposit on that day. 

+ 1 - 1 - 1 + 1 - 1 · · · - 1 - 1 + 1 - 1 + 1 

- 1 + 1 - 1 + 1 - 1 · · · - 1 + 1 - 1 - 1 + 1 

+ 1 - 1 + 1 - 1 .. ,P #L · .. + 1 - 1 + 1 - 1 

- 1 - 1 + 1 - 1 + 1 · · · - 1 - 1 + 1 + 1 - 1 

When a "week" finishes, although the agent has effectively used only the best strategy (chosen from 
the data of the preceding wcek), he compares the performance of all the strategies in bis population. 
These are then ranked by the utility that they would have produced. The population of strategies 
is then updated using an "elitist" version of the Genetic Algorithm: those plans ranked within the 
upper 50% survive to the next generation, while those in the lower 50% are replaced by strategies 
obtained by crossover. All strategies are next subject to random mutations. 

Once each agent has selected one strategy, he daily implement.s the action of either making 
a deposit or withholding the unit of resources. The bank records the daily leve! of deposits. Let e 

be the current strategy of each agent. The fraction of resources deposited, Dt, in the t.-th <lay is: 

l Na9 • 

Dt = -¿OCC#L) 
Nag k= l 

( 1) 

where ó(x) = 1 if x > O and O(x) = O othenvise 
Once the bank calculates the level of deposits, it next determines the rate of interest 1·1 that corre
sponds to that day. The possible outcomes are the following: 

• If D1 < S 0 =} ,·t < O (We take rt = - 1). The agents who have made a deposit on that <lay 
make a loss because the leve! of deposits is less than the lower threshold leve! S0

1. 

• If S0 $ Dt $ S1 =} rt = f (Dt), where f (Dt) is a positive decreasing function: the interest rate 
decreases with the flow of deposits. 

• If Dt > Si =} rt = -rcost, with r cost is sorne small positive 

value (we t ake rcost = 0.01). When the leve! of deposits exceeds the value S1, the agents bear 
a cost due to congestion at the bank. 

The fitness of each strategy is recorded daily and during the period of Nd "days" with the 
following rules: 

• If rt = r(Dt) and P#L = 1 => Uf (t + 1) = uf (t) + (1 + rt), with earnings or losses accord ing to 
sign of rt determined by the thresholds. 

• If rt = - 1 and P#L = O=> uf(t + 1) = Uf(t) + 1, since if the agent has not made a deposit he 
mantains hls unit of revenue. 

1Clearly, thc assumption that r(t) = - 1 in t bis case is an extreme one. However, t he results of the modelare robust 
as long as agents make a loss if the total amount of deposits is small (for example r1 ~ - 0.01). 
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• lf rt = r(Dt) > O and P#L = O* Uf (t + 1) = Uf (t) + (1 - rt), since the bank paid a positive 
rate and, if the agent has not made a deposit, he will bear an opportunity cost. 

At the end of the week ali the available strategies can be ranked according to their utility 
and the updating procedure can be evoked. 

3 Coordination through local contagion 

In order to incorpora te a local rnechanism of "contagien", each "day" a choice is offered to the agents 
of adopting one of two options: (i) to continue with their individual deposit plans or (ii) to imitate 
the strategy used by their nearest neighbors. Each agent determines ( ex - post) if the decisions 
of his nearest neighbors have been better or worse than the one implicit in hls current strategy. 
The neighborhood is determined by locating agents in an orthogonal lattice with periodic boundary 
conditions. The la bel k of each agent is thus replaced by the row and column indices (i, j). 

Each agent is allowed to abandon his current strategy whenever he finds that hls perfor
mance is not satisfactory. It may be noticed that, owing to this fact, one has to clistinguish between 
the current action ea~iJ) taken by the agent on the t-th day and his current plan for the same day 

e#(iJ) ' To decide a shift away from his plan, the inclividual determines the daily outcome obtained 
with his strategy and compares it with the one which would have applied if he had imitated the 
actions of hls nearest neighbors. For this purpose, the agent calcula tes a "local field" : 

h l(et et +et +et ) 
(iJ) = 4 ª(iJ+l) + ª(iJ-1) ª(i+lJ) ª(i-lj) (2) 

Once the local field h(iJ) is known, the agent can determine the action that he would take by following 
his neighbors. The procedure is similar to the simulations of the ferromagnetic interactions with 
the Ising ModeL In our case, the option of either rnaking a deposit or retaining the unit of income 
corresponds to the two possible orientations of a "magnetic" domain (neighborhood). The choice is 
not entirely deterministic. We assume that there is sorne "noise" in the agent's decision, represented 
by a Glauber dynamics with a "thermal agitation" characterized by a temperature T = 1//3. The 
agent has sorne probability of either imitating his neighbors or acting in the opposite way as the 
local field. The probability is2: 

1 
P(action = ±1) = --~~-

1 + e 'f2/Jhc i,il 
(3) 

During a market "day", each agent computes the utility that would have been obtained using 
the action suggested by the local average field. If this is greater than the one computed with its 
current strategy, the agent changes bis deposit plan (with the above probability) and uses the action 
prescribed by the local field. Otherwise, the agent sticks to bis individual plan, using the next "bit" 
in the genome of his current strategy. 

2
The system is assumed to be in a heai-bath that acts as a background noise characterized by a temperature T . 

Each site of the lattice updates its vale through a stochastic dynamics with a probability that depends on the local 
field given by 3. In the absence of noise (T = O), the transition probabilities are: 

• If the local field hc,,n # O then -'(i,;)(t + 6t) = sign(hu,n) with probability l. 

• If h(i,j) = O then -'(i,j)(t + 6t) = ±1 with probability ½, 
lt is well known that the lowesknergy state of a systeru of spins with attractive interactions between nearest 

neighbors has al] the spins aligned in the sarne direction. There are two (degenerate) ground states, one with s, = +l'v'i 
and the other with s, = -1 'v'i. These states display a ferromagnetic ordering that is characterized by a global positive 
magnetization. The fact that these states are also the attractors of the noiseless dynamics rerults from the interaction 
of the spins of the system. The ferrom11gnetic ordering is a cooperative phenomenon in the sense that ali the spins of 
the magnetic system contribute in the same way to the global ma.gnetization. The dynamics correspond to a gradient 
flow along the directions that reduce the total energy of the system (this is a Lyapunov funetion for the system that 
is monotonically reduced at every time step [7]). 
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4 Results 

Global coordination 

The outcomc of the processing of the global information often gives rise to a asymptotic coordinated 
state in which the agents self-organize to make as many deposits as tolerated by the upper threshold 
S1 (see figure 1). The result is not affected by the detailed choice of the function f (Dt) which defines 
the interest rat.e as a Ílmction of the total volume of deposits. This is so because each agent finds 
that bis individual utility grows as long as he increases the number of days in whlch he suceeds to 
make a deposit. The coordinated state is not unique. lt may happen that the system gets trapped 
in a sub-optimal configuration in which, during certain days, there are no deposits (figure 1). This 
configuration can emerge if, in an early stage of the evolution, and simply because of random effects, 
the level of deposits in those days turns out to be lower than the lowest threshold S0 • During the 
following steps of the adaptation, any deposit made on such days causes a loss, and therefore the 
event of malcing a deposit is discarded in many investment strategies. In this type of states, the 
system is confined to a sub-optima! situation by "entropic barriers", which can onJy be overcomed in 
the improbable case that a large cnough fraction of agents simultaneously changes the individually 
chosen action for that particular <lay. 

1.0.-----.------,.....---,-~--~--------.----~-----.----------. 
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Figure 1: Simulations without local interactions with 256 agents, rcost = ---_0.01, Pmut = 0.005, 
So = 0.2, S1 = 0.8, Nd = 10 and Np = 20. The fust case shows an optirnum convergence of the 
system while in other figure the self-organization results a in sub-optima! state 

The asymptotic state of the system with deposits S1 is a stationary state t hat is dynamically 
stable. All agents continue to explore new strategies that correspond to random mutations of their 
current plans. The system therefore ,.-visits" configurations that are in the neighborhood of the 
maximum threshold S¡. The stability is due to the Jact that the system is diverse; the agents tend 
to use complementary strategies because a ll of them should not deposit every <lay, since then total 
deposits would exceed de highest threshold S¡. The system evolves au "ecology" of strategies by 
whlch different agents deposit in different days. In addition, sorne agents make more deposits than 
others. 

The coordinated state that is reached in this way "visits" {dynamically) the neighborhood 
of a Nash equilibrium. No agent can change its strategy unilaterally to improve his profit without 
disturbing some other agent of the system. When the state has been reacbed with the maximun 
admissible level of deposits, individuals who have not made a deposit that <lay cannot change their 
action and improve their profit. There is a large multiplicity of equilibrium configurations: any such 
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con.figuration is equjvalent to another one in whkh a depositar exchanges his position with an agent 
who has retained his funds. The problem that we address here has f~atures in common witl:1 the "El 
Farol" model of B. Arthur, where restaurant patrons coordinate their visits to the establishment 15]. 
In both cases, there is no need far a "social planner"solving an N P -bard problem in arder to reach 
the coordinated state. In our example, the actions chosen by the individuals evolve in such a way 
that, every <lay, the "appropriate" number of agents do make a deposit. 

One can test the robustness of the coordfoated state by studying the response to a sudden 
change in the global conrutions. We can induce an exogenous "crisis" by increasing the lower 
threshold level S0 to a higher value, thus compelling the whole set of agents to revise their decisions. 
The crisis can be firushed by returning S0 to its original value sorne time later. The evolution of the 
system is displayed in figures 2,· 3 and 4. 

1.0r--....-..------------.--------.....----~--------, 

2 0.8 
-~ 0.6 
~ 0.4 
o 0.21------------+--------+- ------------t 
~ o.o ..__ _ _ ___., ___ ~ ___ ...__ ___ ..__ __ __._ ___ ~ ___ ..__ __ __. 

o 100 200 300 400 
Time 

500 600 700 800 

Figure 2: Evolution during a "exogenous crisis" when the local information processing is discarded. 
All the parameters are the same as those of the previous figures. 

After the shock, agents are seen not to make a sudden switch in behavior¡ rather, they 
gradually a<lapt their strategies to the new situation as they learn that it is converuent to keep their 
funds. The adjustment is basically governed by the mutation probability of the genetic algorithm 
(figure 2). The simulated evolution approxjmates an exponential decay witb a time constant wbich 
is long compared with the size of tbe business "week", and therefore looks gradual. If the shift in 
So persist s, agents eventually learn to keep their funds away from the bank. 

Lea rning and local contagion 

The fust time steps of figure 3 show the evolution of the system when both coordination mechanisms 
are active. We have fixed the thermal fluctuations of the Glauber dynamics at T = 0.1, to avoid the 
singularity for T = O. Thls parameter represents random fluctuations within the system. For this 
value of T, in stationary conrutions, approximately 15% of the agents constantly switch strategies, 
basing their decisions on imitating their neighbors. A smaller value of T tends to hinder fluctuations; 
a very high value makes learning impossible, and the system <loes not self-orgaruze. 

As long as T stays below a critica! value, both coordination mechanisms reinforce each 
other. This happens in two ways. In the first place, the agents "realize", through their own learning 
procedure that a certain leve! of noise is present and that, therefore, a fraction of the agents is 
mistaken. The genetic algorithm makes them actas if the actual value of the upper theshold 81 was 
somewhat higher, thus exploring configurations that involve a higher leve! of deposits. In the second 
place, the presence of fl.uctuations t ends to lower the "entropic barriers"; consequently, the system 
gets less often trapped in a suboptimal configuration. 

The relevance of the the interplay of both coordfoation mechanisms becomes noticeable 
in the event of an externa! shock. The main effect of the local contagian is to favor cooperative 
effects, inducing abrupt changes in the collective behaviour of the agents. Once the "artificial crisis" 
begins, the performance of the individuals shows two features. First, agents who were imitating their 
neighbors no longer do so, and choose to use their own strategies. Thls process takes place during a 
time interval in the order of a couple of "weeks". Second, if the threshold So is maintained at its new 
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(Wgher) leve!, the agents increasingly learn to keep their units of resources; at a certain moment, 
a "critica}" fraction of individuals acts in that way, thus inducing an avalanchc in which ,thc agents 
massively imitate each other by withholding the funds. The period of "awareness" (based on the 
agents's own learning) leads at sorne point t.o a "contagian cascade", witb an abrupt decline in the 
volume of deposits (figures 3); tWs can be interpreted as a bank run. The cascade is triggered 01tly if 
a large enough fraction of agents have decided "by tbemselves" to withhold their funds. If the "crisis" 
is short, so tbat this critica} fraction is not reached, the coordinated state of high deposits is rapidly 
re-established, because the agents do not lose the memory of the previous successful strategies and 
start using them again "as if nothing had happened". 

1,0..---r,.......,.~~---~ ----r---~----.--- - ~ - -------. 

2 0.8 
~ 0.6 
g- 0.4 
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Figure 3: Self-organization process with both decisiou mechanisms when the temperature is T = 0.1. 
V./e also show the evolution during an "exogenous crisis". The parameters are tbe same as those of 
the previous figure. 

When the bank run bebavior emerges, the transition takes place in a very short time, and it 
is entirely similar to a ferromagnetic phase transition to a state with positive magnetization. In the 
lirrút of an in.finite number of agents or when T = O, the transition is instantaneous. If the "crisis" 
is long, and the the agents finally end up adopting a strategy that completely ignores the banking 
system. Both leaming and contagian mechanisms act coherently to generate a similar behavior. In 
the model, once the banking system "collapses", it is difficult to recoustruct it. A highly improbable 
círcumstance has to occur, namely that many agents decide at the same time to trust. the bank again. 
The system is again trapped betwcen high entropic barricrs, that can only be lowcred allowing high 
fluctuations (for instance setting T to a high value), so as to induce tbe system to visit configurations 
in which a sizeable fraction of the agents deposit their revenue. 

Actual banking crises may show an asymmetry between declines and recoveries, witb sudden 
runs and more gradual increases in deposits. In figure 4(a) we plot tbe total daily leve} of deposits (in 
current accounts, savings and time deposits, both in pesos and foreign currencies) during an interval 
(November 1st. 1994 - October 24th, 1995) which includes a severe banking crisis in Argentina. 
We bave also shown in the picture the estimated values obtained witb the present modeL The 
free parameters have been callibrated as explained in the figure caption. The vertical scale has 
been normalized in such a way that the upper level corresponds to the beginning of the crisis and 
the lowest to the leve! of deposits on the day when the government announced that deposits were 
guaranteed. Each day of the time series is equivalent to a computer "day" of the "artificial banking 
system". Tbe periods of "normal performance", awareness, panic and exit from the crisis can be 
identified clearly. 
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The model can mimic the sudden fall in deposits, but it pre<licts a much more rapid recovery 
than was actually observed. This shows that there is no memory built into the system to' áccount 
for the asymmetry in tbe data. In order to extend the model, we have tried the following changes. 
The first is to draw new random initial strategies, letting the Genetic Algorithm start again with 
its adaptive work in a "fundamentally new" state of the system. This would correspond to the 
introduction of "new rules" of behavior. We have chosen to trigger this new procedure whenever 
a tlu-eshold of 50 % of the agents act according to contagion. The second element that helps to 
smooth out the exit from the crisis is to assume that in a certain number of cases (say, 40 %), agents 
are "cautious", i.e. they decline to follow contagion when the action suggested by the neighborhood 
is to trust the banking system and make a deposit. The evolution obtained by introducing these 
changes is presented in figure 4(b). 
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Figure 4: Normalized deposits demand. The numerical experiment has the following parameters: 
N09 = 256, Np = 20, T = 0.001, the mutation probability of the genetic algorithm is 0.005. The 
crisis begins in t = 30 (December 20th, 1994) and finishes in t.= 120. We overlapped the series of 
the total daily level of deposits during the banking crisis in Argentina. In the case shown in (b) 
we have assumed that, if the fract.ion of agents acting by contagion is greater than 50 %, a new 
population of "predictors" is drawn again, and 60 % of the agents are inhibited to deposit under the 
inducement of contagion. 

5 Conclusions 

The system that we have considered possesses two stationary regimes. In one of them, the agents 
have learned to accomodate their deposit strategies to avoid excee<ling an upper limit of deposits 
determined by the (parametrically given) "physical size" of the system. The model also contempla tes 
the possibility of an uautarchic equilibrium" in which each agent retains all the funds and refuses 
to use the banking system. The adjustment and learning rules are capable of describing the self
organization process leading to an equilibrium, and they also describe the transitions that occur 
as a consequence of an exogenous shock: it is not necessary to make any particular assumption 
about the behavior of the agents befare, during or after the crisis; neither is necessary to taylor the 
model for specific durations of the shock. The rules that govern the adaptation and the processing 
of inf ormation are the same befare and during the "crisis" episode. Even though the model has two 
characteristic times (the "<lay" and the "week"), the adaptive processes give rise to intermediate 
situations in which these characteristic times are insuflicient to fully describe the behavior of the 
system. 
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The study of the crisis also makes it possible to analyze in sorne detail (and with references 
to actual phenomcna) the efficacy of the adaptive processes and the learning procedw-es of the 
agents. Thls point has a particular relevance because, in general, under stationary circumstances 
there is no way to consider the tránsients that may take place while the system sclf-organizes. 

The crisis, which has its own characteristic times, places the system in a changing environ
ment, where the evolution depends on the learning rate of the agents. Representing the recovery 
from the Argentine banking crisis reqwres the introduction of severa) Jearning processes in more 
than one time scale, suggesting that sorne type of ''long memory" of previous events may operate in 
certain conditions as an influence on current behavior. 
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