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Chapter 6 

Informed and Uninformed Investors 

in a Ponzi Scheme 

6.1 Introduction 
Albania is not the first post-communist country in which Ponzi schemes have boomed. 

Across Central and Easter Europe, Russians, Romanians, Bulgarians, and Serbs have 

in large number, rushed into various Ponzi schemes which turn over speculator 

payoffs to early investors so that more and more money will pour in. In Albania, in the 

absence of a private banking system and a legal framework for investment, the 

remittances of the emigrants were deposited in the Ponzi schemes. 

The Ponzi type foundations (companies) initiate the scheme by spreading 

information to relatives or other neighbours. As the scheme size grows exponentially, 

however, the number of new participators relative to the number of the present 

participants decreases while the time approaches the collapsing time T. As a 

consequence, the revenues decrease to the point where the required payments can no 

longer be covered anymore. Hence, time T is the time when the initiator closes down 

business, thus leaving every person in the final layer with a loss. 
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The conditions for the scheme to be activated are as follows. First, there must 

be a person or group of people setting up the schemes. Second, the scheme should 

exist in a population in which communication about the scheme occurs. And third, an 

exponentially increasing and continuous supply of agents with money is required, so 

that the inflow of money exceeds the outflow. Every society has its individuals eager 

to realise huge gains by simple means, even at the cost of many others. Moreover, 

even in the most technically primitive society, word of mouth will be a sufficiently 

pervasive and rapid means of communication for such an enterprise. The low degree 

of development facilitates helped the spread of these schemes, since people in an 

underdeveloped economy will be both more eager to gain and less cautious of the risk 

involved in Ponzi schemes. 

In this chapter' we construct a theoretical model with the characteristics of a 

Ponzi schemes which shows how the scheme works and also proves that a rational 

insider can participate in such a scheme if he possesses complete information about it. 

We first look at the rational Ponzi scheme models already existing in the economic 

literature. In section 6.3 we check whether or not Albanian Ponzi games fulfils the 

conditions for this game to be rational and then we present our theoretical model 

where the investors with less information choose their strategy to follow the 

movements of the informed ones. Section 6.4 follows with the comparative statics of 

the model. In section 6.5, we use the same model but the uninformed in this version 

are treated as full rational individuals and therefore they build their strategy to predict 

the optimal time of getting out. At the end we compare the predictions from the two 

different approaches. We round up with conclusions. 

6.2 Rational Ponzi Games 

Ponzi schemes are games where individuals or companies pay out funds to some 

parties by borrowing funds from others. Rational Ponzi games are discussed by 

O'Connell and Zeldes (1988), where the strategies of perfect foresight versions of the 

1 This chapter is a combination of two papers: " The Albania Crisis: Pyramid Schemes and their 
Economic and Political Effects" written by Sadiraj K, Sweder van Wijnbergen, and Casper van Ewijk 
(1998); and "Informed and Uninformed Investors in an Experimental Ponzi Game" Sadiraj K, and 
Arthur Schram (1999). 
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"Ponzi schemes" are investigated. The perfect foresight assumption rules out schemes 

based on imperfect information or irrationality of lenders and the main question is 

under what circumstances these Ponzi games can continue indefinitely. When, in other 

words, is it feasible for a government or a company to incur debt and never pay back 

any principal or interest? Such a policy, where all principal repayments and interest 

are forever "rolled over" i.e. financed by issuing new debt, can be seen as a "rational 

Ponzi game." This means that in an infinite horizon setting, the constraint that the 

present value of net indebtedness in any period T be non positive as T approaches to 

infinity, which rules out the existence of Ponzi games, does not need to hold. The 

constraint is 

limT-»-(l+r)"TDT > 0 

The above equation is known as the transversality condition, r is the interest rate and 

DT is the net indebtedness at time T. The limT^-(l+r)"TDT is defined as the present 

value of the net cash flows already received as the result of past credit market 

transactions. By engaging in a Ponzi game, the borrower is able to extract positive 

resources (in present values terms) from the lender(s). The classic form of these 

schemes consists of borrowing money (issuing short or long-term debt) and financing 

all promised payments of principal and interest by issuing new debt. In other words, in 

each period promised cash outflows are offset by other cash inflows (new 

borrowings). When the number of potential lenders is finite, Ponzi games can be ruled 

out by appealing to rationality. Clearly, no rational lender, under symmetric 

information, will be willing to hold a liability that is never repaid, since to do so 

would involve sacrificing current consumption without any offsetting gain. 

As pointed out by Tirole (1985), however, in case of infinite potential lenders, 

the terminal constraint need not hold. Suppose there is an economy with a growing 

population rate n. Suppose that the economy is decentralised and there is no 

intergenerational altruism. New agents are born into the economy and fend for 

themselves. The key point here is that while each individual will satisfy his own 

transversality condition, this will not sufficiently rule out rational Ponzi games. Even 

though each individual's wealth will not be growing faster than the inverse discount 

factor (otherwise no one will take part in the scheme), population growth may make it 
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possible for aggregate desire wealth to grow at the rate of interest or faster. Ponzi 

games are therefore feasible in an economy with infinite-horizon agents. 

This can be illustrated with the following example. Consider an economy with 

a constant returns to scale storage technology yielding return r > 0, with each infinitely 

lived agent receiving an initial endowment of goods, e0, and no further endowments. 

Let's assume that individuals have time separable utility functions with rate of time 

preference 5 = r, and that the population grows at rate n > 0. The optimal consumption 

strategy, under the assumptions imposed in the model in Tirole's article, is to consume 

the annuity value of the initial endowment: 

ct = reo for all t 

This yields steady-state equilibrium with storage per capita equal to e0. Aggregate 

wealth will be growing at rate n, however. If n > r in the economy without debt, then 

the competitive equilibrium is consumption inefficient, and rational Ponzi games can 

exist in equilibrium. A small amount of foreign (or domestic) bonds could be issued in 

the current period, crowding out an equal amount of storage. Agents holding the 

original debt would be willing to roll over the principal, and the interest payments 

could be raised by selling new debt to the newcomers. The conclusion is that it is the 

infinity of agents not the length of individuals' horizons-birth rather than death- that 

opens up the possibility of dynamic inefficiency and, thus, of rational Ponzi games. In 

principle, not only the government but any infinitely - living agent can issue debt and 

perpetually roll it over. All that is required is that other agents believe that new 

generations will be willing to purchase this agent's debt. 

6.3 Informed and Uninformed Investors in a Ponzi Scheme: 
Followers vs. Strategic Interaction 
The above model is not the type of Ponzi scheme of Albania. Following the above 

explanation of the rational Ponzi games, the sum of growth of population and GDP 

growth must be higher than the interest rate offered by the scheme. In the case of 

Albania and other Eastern European countries, the interest rates offered by schemes 

were extremely high and incomparable to the low growth of population and economic 

growth. In Albania, while the annual growth during the last four years was 9% on 

average, the interest rates offered by the schemes were around 8 - 50% per month for 
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three to six months deposits, or if we put it in annual basis these interest rates turn to 

above 250%. 

Therefore, the Ponzi games run in Albania and other Eastern European 

countries can be seen as classical non-rational Ponzi schemes. This does not, however, 

exclude the possibility that a rational insider still has the incentive to enter into the 

scheme with the aim of retrieving high returns. These are agents who can rationally 

enter a game and use the information they own to make a profit. Relaxing the 

assumption of perfect foresight and dividing the game participants into two groups: 

informed and uniformed agents, does it. Asymmetric information is the driving force 

of the scheme. These groups of agents can be treated equally as in the case of noisy 

traders and rational traders in an asset financial market. The uninformed agents can 

play the role of the noisy traders in a normal western asset market while the informed 

agents play the role of the rational traders. 

In the following sections we will look at two theoretical models. Both models 

use the same set of starting conditions but the approach to arrive to the final solution 

of calculating the exiting time T is different. In the first model the uninformed 

investor will choose their strategy such as to follow the movement of the informed 

investors. In the second model the uninformed investors follow a very rational 

thinking in building their strategy and they make a full use of the information they 

possess. In the second model we utilise a non-cooperative game theory solution. 

6.3.1 Theoretical model: Followers Strategy 
Bradford De Long et al. (1990a,b, 1991) set up a model to explain why noise traders 

matter in asset markets. Noise traders are traders who have no access to inside 

information, but react irrationally to noise as if it were information (Kyle, 1985; 

Black, 1986). They create risk for the rational trader (arbitrageurs): the noise trader's 

opinion may always change further away from its mean and hence cannot be exploited 

without costs. Even in the absence of fundamental risk, the presence of noise traders 

imposes risk on arbitrageurs in asset markets, drives down asset prices, and limits the 

effectiveness of arbitrage. By bearing their own risk, noise traders may raise their 

return and ensure their future on the market. Arbitrageurs make much of their profit by 
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analysing noise trader risk, not fundamental risk, at positive (and higher than private) 

social costs. 

The similarity of noisy asset markets and the Albanian Ponzi schemes is 

obvious: Ponzi investors were largely individuals who did not understand the Ponzi 

mechanism, and based their behaviour on unreliable signals from friends, neighbours, 

colleagues, newspapers, or TV ads. They were the noise traders. The other trader type 

on the market was the sophisticated investor, i.e. the Ponzi insiders some of whom 

were members of government or the parliament. Through connections to the Ponzi 

operators they were knowledgeable. Ponzi operators and their intimates are assumed 

to be able to assess the potential growth of the scheme, and hence to estimate the time 

remaining before its collapse. 

Government officials could at any moment have forbidden the schemes, but 

they chose not to do so. Instead they pursued private gains by participating in and also 

gaining in numbers of votes. Even president Berisha could not stop them. The reason 

why Berisha was unable to touch the Ponzi schemes had to do with the local elections 

in October 1996. After the general elections of May 26, 1996, Berisha needed to show 

that he had the popular support he had pretended to have in May 1996. The local 

elections went smoothly and Berisha won with over 80 percent of the vote. This was 

only because between June and October 1996 the mushrooming Ponzi schemes and 

the unconditional government support offered to them had convinced Albanians that 

the easy life was not a dream, and that Berisha was, in some secret way, indeed 

insuring that they lived it. People were selling their homes and dumping the money 

into the Ponzi schemes; they were taking it back in the form of interest and spending 

it. Meanwhile, it appears that Berisha knew well that his only hope of surviving this 

national madness was to obtain monetary support from the Western European 

countries and the US. The authorities permitted advertising of the scheme and the 

presence of the initiator of the schemes was requested to attend important political 

activities. State TV gave free advertising time to the pyramid schemes and they were 

put forth as great financial institutes, thus backing the schemes with government 

credibility. This support constituted much of the noise for the common people. In 

return for such permissive behaviour, government officials were entitled to be 
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informed by the Ponzi operators about the schemes' success chances, and were 

warned to save their money when the collapse was imminent. Moreover the 

Democratic Party of Albania received hefty contributions from the Ponzi schemes for 

its electoral campaigns. 

There is, however, one crucial difference between the above asset market 

model and the Ponzi scheme mechanism: risk is endogenous to Ponzi 'assets', and 

noise is the drive of the system. Whereas conventional noise traders react on 

exogenous noise (e.g. consultant or newspaper information), which constitutes a risk 

source and limits the potential profits for arbitrageurs, the noise in Albania was 

purposefully disseminated by the knowledgeable investors at the cost of noise traders' 

profits. The larger part of these signals is positive about Ponzi schemes, since Ponzi 

intimates control the main sources of information dissemination, the media. Success 

on the Ponzi asset market depends on predicting and/or influencing the operation time 

left. In the Albanian case the term of investing in the scheme was a three months 

period, which gives some room for predictably of the operation time left. Holding 

Ponzi assets is risky only when such a prediction is inadequate, which is true for the 

population, but not for Ponzi intimates. It is the reverse world. Ponzi schemes need 

noise traders to exist. As soon as reliable information replaces noise, no investor will 

be willing to participate because they know that profit is only possible if a larger 

group of successors invest after them. But if information is perfect, these people 

cannot be misled about the true nature of the scheme, and thus will not invest. 

Backward induction reasoning ensures zero Ponzi participation in an environment of 

well-informed, rational individuals. 

Ponzi schemes can only be successful when noise replaces information or 

when people are irrational. Either people base their well-reasoned decisions on what 

appears to be information but is noise, or their behaviour is not the outcome of any 

calculation, but rather is irrational (e.g. habitual actions or imitation), in which case 

the availability of information is irrelevant. Naturally, this is a stylised representation 

of a reality with many bounded rational individuals with varying amounts of 

information, which they process imperfectly. Albanian reality seems best approached 

by assuming a population in which agents tend to be heterogeneous in terms of 
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information-processing abilities. That is, some agents in the economy are able to 

process information in a very sophisticated manner (sophisticated investors or 

arbitrageurs), while others are much more limited in their capabilities (noise traders). 

This idea can be reinterpreted as one where all agents have rational expectations, but 

only some agents are informed about a relevant piece of information. In both cases the 

implications are the same. Therefore, we assume two types of agents. One is a group 

of investors who are informed as to the type and stage of the Ponzi schemes and thus 

have correct expectations. These agents will be referred to as "informed" agents, and 

this type is the governmental: people who, through their connections with the runners 

of the scheme, have the relevant information for building rational expectations. The 

other type of agent is the group of investors who are not informed as to the type of the 

Ponzi scheme, which therefore limits them in their abilities, and thus they have 

incorrect expectations. These agents will be referred to as "uninformed" agents. 

The decision behaviour of the uninformed individuals can be explained by the 

following. The uninformed investors were individuals who owned a given amount of 

money, enough for basic individual costs but too small to undertake an entire business 

activity. These little investors had no investment possibilities in the Albanian market. 

Therefore, individuals had to choose between keeping their money under their 

mattresses, or storing it in saving accounts of the commercial state-owned banks at 

very low interest rates only. In this case they would only have seen how their 

monetary value deteriorates through the inflation effect. The other possibility was to 

invest in the schemes and risk a complete loss. The final investment possibility was to 

convert money into hard currency. This would have given a long-run positive return, 

but no gain in the short-run. The lek was appreciating remarkably and people believed 

that this was going to be the long run value of lek. Investing in hard currency or on 

bank deposits would have been rational decision but not many people did either one or 

the other. 

Depending on how high the risk is, one calculates the expected value of the 

payoff taking into account both scenarios. At the beginning of the life of the scheme 

the expected value of investing in it rather than keeping money at home is positive. As 

time passes, the consensus among investors is that the chance that the scheme might 
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collapse during the next period is very high. This is somehow similar to the case of a 

bubble on the stock market when the price is very high. The consensus among the 

professional money managers in the stock market is that the price levels are too high -

the market is, in their opinion, more likely to go down rather than up. However, few 

money managers are eager to sell their equity holdings. If the market did continue to 

go up, they were afraid of being perceived as lone fools for missing out on the ride. 

On the other hand, in the more likely event of a market decline, there would be 

comfort in numbers - how bad would they look if everyone else had suffered the same 

fate? The uninformed investors follow the same reasoning and therefore they put 

themselves on the position of the followers, i.e. they follow the move of informed 

investors. 

The decision behaviour of the uninformed individuals can also be explained by 

the (naive) expectations for bailout by the government or the international institutions 

like the IMF or The World Bank. As soon as they believe that the amount of the 

money received from the bailout is higher than the initial amount plus the interest 

rates if invested in a government owned bank, then investing this money in the 

scheme becomes rational. 

Until now we have explained why the game takes place. To show how the 

game further develops, we begin with a very simple model of one uninformed investor 

who holds an amount of money xu and one informed investor holding an amount of 

money equal to Xj. As a start, let us also assume that the uninformed investor stays in 

the scheme forever and withdraws only the interest2. Under the condition that an 

informed individual is fully rational, there will be no participation into the scheme if 

all individuals informed. However, having the knowledge of the existence of the 

uninformed investor, the informed investor plays the role of arbitrageur and enters in 

the scheme at period 1. At the end of period 1 the payoff for the informed investor (in 

case he gets out of the scheme) will be the principle x and the interest r, which is paid 

by the uninformed investor's money. The uninformed investor will get just the return 

and there will be money left in the scheme in the event that the amount of money 

invested by the uninformed investor is larger than the summation of interests paid to 

2 
This assumption will be relaxed at a later stage. 
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both investors, i.e. 

Xi+ x u > x , + r(xu + Xi) (1) 

The decision of the informed investor will then be whether to stay in the scheme for 

one more period or to quit. The decision rule will then be given by the following 

inequality: 

xi + xu - r (xu + Xj) > Xi + r (xu + Xj) 

or Xu-r (xu + Xi) > r(xu+Xi) (2) 

The above inequality says that the informed investor decides to stay in the scheme for 

the next period if and only if the amount of money remaining in the scheme, after 

paying out the interest rates minus its own principle, is larger than the money needed 

for the next period to be paid out on interest rates for both investors. Assuming that 

the informed investor has the information over the value of xu, the game would end at 

period T when: 

Xi + xu - T r (xu + x,) < Xi + r (xu + Xj ) (3) 

and the informed investor will leave the scheme at period T-l. The conclusion derived 

from this simple starting model is that the informed investor will stay in the scheme 

until he exploits almost all the money from the uninformed one. 

Next, we continue the game with two informed (rational) investors and a fixed 

number of uninformed (irrational) investors Nu. Following the same intuition as 

explained above, at the last periods we distinguish two cases. The two informed 

investors will stay in the scheme until the period when: 

a) 2xi + Nu xu - Tr (Nu xu + 2 x;) < 2xt + r (Nu xu + x( ) < 2xi + r (Nu x„ + 2 x; ) or 

more simply xu - T r ( xu + 2 Xj) < r ( xu + Xj ) < r ( xu + 2 Xj )0 < 2x; + r (4) 

b) 2xj + r (Nu xu + Xi ) < 2x> + Nu xu - Tr (Nu xu + 2 Xi) < 2xi + r (Nu xu +2 Xj ) or 

more simply r ( xu + Xj ) < xu - T r ( xu + 2 x;) < r ( xu + 2 x; ) (5) 

In case a) the amount of money in the scheme at the end of period T-2 is smaller than 

what is needed to be paid out as the interest rate to the uninformed investor and to the 

two informed ones for the next period. The equilibrium will then be that two informed 

investors leave the scheme at the end of period T-2. 

Case b) needs more careful treatment. The inequality in case b) shows that the money 
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in the scheme at the end of period T-2 is smaller than the interest rate necessary to be 

paid out to uninformed investors and the two informed investors, but is larger than 

what is needed in the case when one of the informed investors leaves the scheme in 

that period. We will look for the equilibrium in this one-shot game. This is not a 

repeated game because if bankruptcy occurs the game is over and the remaining 

money is redistributed to everyone. At the end of period T-2 the two informed 

investors must simultaneously decide whether to stay in the scheme or quit. They will 

both have the incentive to stay in the next period and get the higher payoff. But in case 

they both decide to do so they will end up with a very small amount as payoffs (cell 

(2,2)). In the event that the two agents coordinate, the equilibrium, which is also 

NASH, will be the cells (1,2) or (2,1). If they coordinate they agree that one stays and 

share the extra payoff with the one who agrees to quit. In case they do not coordinate, 

there are different ends of the game. The equilibrium are still cell (1,2) and (2,1) but 

since they do not co-ordinate the game might end with the payoffs from the cell (1,1) 

in case they both quit, or (2,2) in case they both decide to stay. For 

Nu+ Xu 
r > ; : cell (1,1) gives a higher payoff than in cell (2,2). 

Table 6.1 - Payoffs outcomes 

Leave at the end of T-2 Leave at the end of T-l 

Leave at the end of T-2 [ xi + (T-2)rxj; Xj + (T-2)rXi] [Xi + CT^rxiiXi + fT-iyxi] 

Leave at the end of T-l [Xi + Cr-I^xisx. + Cr^rx,] [<Xu - (T-l) r (N„ x„ + 2 x,) + 2 x,) / (N„ + 2); 

(xu - (T-l) r (Nu x„ + 2 x,) + 2 xi) / (Nu + 2)] 

The above equilibrium exists under the assumption that both informed investors have 

perfect information over Nu xu, over each other type, and that the uninformed 

individuals never leave the scheme but instead only withdraw the interest. 

To get a more realistic description we relax the assumption that uninformed 

investors stay in the scheme forever. Now they can enter and quit the scheme. The 

whole population then contains I + Nu peoples where I and Nu are, respectively, the 

population with informed and uninformed investors. To make the notation easier we 

suppose that everyone invests one unit of money in the scheme. Let q be the 
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probability of liquidity shortage. At a given moment an individual might have greater 

expenses than normal or might have not enough money to save; he therefore has a 

liquidity problem. Liquidity shortage might be the reason to quit the scheme, or not to 

enter. 

The informed investors enter the scheme in the first period and stay until 

period T-l. The entry for the uninformed investors will be caused by the information 

spread by investors, informed or uninformed, who are already in the scheme. To 

describe this process we utilise a 'search' model. Each person in the scheme meets \|/ 

E {1, 2, ..., n} persons per period, and convinces him to join. However, there is no 

successful match if this individual is already in the scheme or if this individual 

happens to be liquidity constrained. 

We will look at two cases: when re-entry is possible and when it is not. In case 

when re-entry is possible the net inflow of people in the scheme is: 

dU = W ( / + U )( 1 - q ) N u ~ U qU 
N • + ' (6) 

In formula (6), (I+U) gives the number of people searching for other people to join. 

(1-q) is the fraction of people willing to join the scheme, (Nu - U)/(NU + I) is the 

fraction of the uninformed population not yet in the scheme and, qU is the number of 

people leaving the scheme (and joining the pool of Nu - U again). 

In the case when re-entry is not allowed, the above formula would change slightly to: 

„ w, , N „ - CUMU dU = y(l + U)(\-q) "- qU 
N • + I (7) 

where CUMU expresses the number of people who are or have ever been in the 

scheme. Therefore, (Nu - CUMU)/(NL + I) is the fraction of the uninformed 

population never having been in the scheme. 

The evolution of reserve dM will then be given by the following expression: 

dM = dU - r(I + U) ( g ) 

where dU is included because all entrants submit one unit of money. r(I+U) gives the 

interest paid to the participants. From (8) it follows that the amount of money in the 
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scheme at period t consists of the money of those who are in the scheme in that period 

minus cumulative interests paid out. 

In every period the amount of money in the scheme (minus the amount of 

money invested by informed investors) should exceed the amount of money paid on 

interest for the next period. The informed investors withdraw in period T when they 

expect that during the next period the reserves will be insufficient to pay for the 

interest plus the principal of the informed people (=1). Formula (9) gives the criterion 

for collapse: 

M ( T + 1 ) < I + r ( / + U ( T )) (9) 

The dynamics of the above model are shown in the following graphs for both 

cases. Before we look at the dynamics we should mention that the earlier someone 

enters the scheme, the higher is the chance that he leaves the scheme earlier or at the 

right time. There is a condition (l-q)>r for the scheme to take off initially. 

M U DU CHI I IHIUM WHEN R E - E N T R Y IS AI I OWf I) 

O 2 4 6 10 12 
PERIODS 

16 18 20 

Figure 6.1 The dynamics when re-entry is allowed 

In figure 6.1 re-entry is allowed. In the graph are shown the dynamics of the net inflow 
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of uninformed investors, of the total number of uninformed investors in the scheme, of 

the size of the reserves, and the actual situation of the criteria of collapse in a given 

period t. The dynamics are quite straightforward. The scheme collapses when the 

criterion becomes positive i.e. at time t=18. Taken into account that in case of Albania 

the unit t is defined as a three months period the natural life of a scheme would be 

four years and a half. The collapse of the scheme was, however, triggered by the 

exogenous IMF warnings on TV for the danger of these schemes. These warnings 

cause the value of q, probability that people will not join the scheme, to increase 

which then result in an decrease of the entry rate and an increase of the exit rate. 

Therefore schemes were very sensitive to these warnings. 

Further, in the graph the net inflow of uninformed dU increases first and 

approaches zero at t=10. The number of investors U in the scheme at a given period of 

time approaches to some maximum (steady state). After the steady state is reached the 

scheme collapses in the 18th period, which shows that the size of the population of 

uninformed investors who yield losses is quite high. The reserve in the scheme, M, is 

rising at first but falls later (until the collapse). 

M U DU CRITERIUM WHEN RE-ENTRY IS NOT ALLOWED 

1 a 20 

PERIODS 

Figure 6.2 The dynamics when re-entry is not allowed 
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Figure 6.2 gives the dynamics of the same variables as in figure 1 in the case when re

entry is not allowed. Different from the earlier case, U attains a maximum and then 

declines. This means that when re-entry in the scheme is not permitted, fewer people 

sustain losses when the scheme collapses. Furthermore, under a no re-entry condition 

the time of collapse decreases from 18 to 14. The no re-entry condition has an indirect 

impact on decreasing the size of the population that can be recruited in every period. 

In both cases the primary reason why this scheme collapses is the limited size of the 

population. 

The restriction of no re-entry disappears when there is more than one scheme 

in the market. In such a situation individuals can quit one scheme and enter another 

one. Therefore, taking into account the total population in the schemes at a given time, 

the situation will turn to the case when re-entry is allowed. Hence, although the 

schemes in Albania had put the restriction on no re-entry, the case of re-entry allowed 

is more appropriate to the situation there. 

6.3.2 Interpretation of the Results 

In this section we look at the comparative statics of the relation between the time of 

collapse and different indicators such as the number of uninformed and informed 

individuals, the probability of liquidity constraints, and the interest rate offered by the 

schemes. We run the simulations for starting values of 100000 uninformed investors, 

100 informed investors, 10% interest rate, and 0.1 probability of an individual being 

liquidity-constraint. 

First we look at the relation between the size of the population of uninformed 

investors NU and the time of collapse. This relation is shown in figure 6.3. 
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The I m p o d of D i f fe rent NU on the Time of Col iopse 
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Figure 6.3. The relation between the time of collapse and the size of the population of 

the uninformed people. 

The larger the number of potential uninformed investors the longer the schemes last, 

i.e. the more money there is to be exploited by informed investors. This means that the 

bigger the group of uninformed investors the higher the size of population in one 

country that will suffer losses in the end, and hence, the higher the economical and 

political problems will be. The main economic problem is that this money was not 

used for productive purposes, therefore growth slows. Political problems arose due to 

the anger of investors against people in the government, which had supported the 

schemes in their own interests. The size of the population of the uninformed investors 

depends on how rapidly the information spreads and how well these people can 

process this information in their own interest. In a small, undeveloped country like 

Albania, the size of the population of uninformed investors approached the real size of 

the working force of the Albanian population. While in western countries the 

government intervenes by not allowing schemes to continue when they become overly 

significant, in Albania government representatives let it run freely and supported the 
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scheme with their own interest in mind. The majority of the population ultimately lost, 

which thus made the situation in the entire country volatile. 

Next, in figure 6.4, we look at the relation between the number of informed 

investors NI and the time of collapse. 

i p o c t of D i f ferent NI on the i i m c of Col lapse 
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Figure 6.4 The relation between the time of collapse and the number of informed 

investors. 

There is a negative relation between these two indicators. The higher the number of 

informed investors the faster would be the money of uninformed investors exploited 

by the informed ones. As explained earlier, these investors are those who supported 

and profited by taking advantage of these schemes. The redistribution effect is clear 

and the economic and political consequences are clear as well. People in the Albanian 

government were trying to maximise potential profits in honest or dishonest ways 

during the time they had political power. They overstated the success of the transition 

reform by using the international money to cover their budget deficit. This, in turn, 

induced emigrants to repatriate their foreign earnings and invest them in the pyramid 

schemes. Government officials profited from the emigrants' investments in the 

schemes. 
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Figure 6.4 gives the relation between the time of collapse and the number of 

informed investors under the condition that the informed investors do not coordinate 

with each other. From the two informed investors game we saw that the informed 

investors must coordinate to receive higher total returns. This means that when there 

are say, 100 investors in the scheme, it must collapse after 20 periods if they do not 

coordinate. But if there is coordination, the scheme can last for 2 more periods if, in 

the last two periods, 50 informed investors exit the scheme and share the profit with 

the other 50 who stay in the scheme for two more periods. 

It is very interesting to look at the relation between the time of collapse and the 

probability of the individual being liquidity constrained. As mentioned earlier, this 

probability determines the inflow and outflow of money in the scheme. This 

probability can not only be seen as the probability of being liquidity constrained, but 

also as a probability that individuals refuse to enter or are willing to leave due to other 

information they receive. This kind of information include the knowledge about the 

type of the scheme or the length of the time the scheme has been operating. For 

instance, a claim from IMF officials on television about the danger of participation in 

these schemes will cause q to rapidly approach 1. 

The I m p a c t of D i f f e ren t Q on the l i m e of Co l l apse 

Figure 6.5 The relation between the time of collapse and the probability of an 
individual being a liquidity-constrained. 
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Figure 6.5 gives the relation between the time of collapse and the probability of being 

liquidity-constrained. For low values of q this relation is increasing and then after a 

given value of q it is decreasing, q affects the time of collapse in two directions. The 

first effect is the effect of q on the entry rate. Low q means that the potential 

population of uninformed investors is high i.e. entry rate is high. When q increases the 

entry rate decreases. The smaller the rate of entry the longer the scheme continues. 

This means that the potential uninformed investors enter in the scheme gradually, 

which prolongs the life of the scheme due to less money needed per period to be paid 

out on interest. The second effect is the effect of q on the exit rate. There is a negative 

correlation between the exit rate and the lifetime of the scheme. The higher the exit 

rates the shorter the lifetime of the scheme. High exit rate implies that the amount of 

money paid out on interest and principles for people who quit every period is high. 

This shortens the life of the scheme. For low values of q the effect of the entry rate on 

the lifetime of the scheme is much stronger than the effect of the exit rate. When q 

increases the exit rate becomes dominant and determines the relation between q and 

the time of collapse. 

From this graph we can observe that the time of collapse is more sensitive to 

high values of q than to small ones. These schemes are very vulnerable to the outside 

information built about them. Building credibility by having government support helps 

to maintain the scheme much longer. The higher value of q results in a shorter life of 

the scheme, fewer numbers of people involved in the schemes, and smaller impacts in 

the economy. This indicator clearly shows the importance of an IMF warning if it 

would have been done it time and not as late as when it really happened. 

We finally look at the relation between the interest rate and the time T of 

collapse. Figure 6.6 shows a negative relationship between the interest rate and the 

time of collapse. The higher the interest on deposits offered by the companies the 

shorter the life of schemes. For small r, the curve of collapse is very elastic. A small 

change in r greatly decreases the number of periods before collapse. In Albania, the 

schemes offered low interest rates at the beginning of their activities. An increase of 

the interest rate by 1% per period has a strong effect in shortening the life of the 

scheme. But later, as the number of these types of schemes doubled, and they started 
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competing among each other to attract more people in each of the schemes, this drove 

interest rates upward. 

The Impact of Different R on the Time of Col lapse 

Figure 6.6 The relation between the time of collapse and interest rates. 

An interesting point here is that when the interest rate is around 50% per three-month 

period, the scheme cannot last longer than one period. Some of the foundations in 

Albania offered interest rates higher than 50% per period and they lasted longer. 

Explanations for this are that these companies used also to launder money from 

smuggling oil to Serbia and Montenegro, and most individuals re-invested the interest 

rates they earned from investing on these companies. 

This model is based on the analysis that the uninformed will choose their 

strategy such as to be a follower. The prediction of this model is that at the moment 

that the uninformed will see that the informed step out they will rush to step out to and 

therefore the scheme will collapse. Next, we consider the case when uninformed 

investors, like the informed ones, are fully rational agents and therefore build their 

own strategy by fully rationally utilising the incomplete information they possess. 
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6.3.3 Theoretical Model: Strategic Interaction 

In the previous section we built a model where we cover the main properties of Ponzi 

schemes studying the decision behaviour of the informed investors assuming that the 

uninformed follow herd behaviour and therefore get taken advantage of. We assume 

now that the uninformed are rational and look at and find out what the outcome will 

be in this case. Ponzi schemes again include unrealistically high interest rate, the 

possibility of keeping the scheme alive by using invested funds to pay out interest and 

an increasing probability of bankruptcy as time passes. In addition, as in the previous 

section we distinguish informed from uninformed investors. Finally, in this model we 

allow for a real return to investments, which is an additional property to the model 

built previously. This return is insufficient to cover the interest paid, however. Only 

the informed investors know the real return and this is the only extra information that 

an informed investor posses. Before turning to theoretic aspects of this game, consider 

efficiency. Note that the initial investment % (the 'real return') can only be realised 

(earned by investors) if sufficient investments are made. Any other (interest) earnings 

are effectively a redistribution of income. Therefore, any outcome where there are 

sufficient investments to have % paid out as interest is efficient. 

In this multi-stage game, a strategy is a complete plan of action. First, consider 

the case where every player invests Y in every period. As a consequence, bankruptcy 

occurs and the remaining funds are distributed evenly. It is easy to see that each 

investor earns Y + %fN in this case, where N is the total number of investors. In 

general, this is not a Nash equilibrium, however. Assume that bankruptcy occurs in 

period T. Hence, T is implicitly determined by the conditions that 

(1) the available funds were sufficient for interest payments in T-l, implying 
X + NY>(T-l)rYN; 

(2) the available funds are insufficient for interest payments in T, implying 
X + NY < TrYN, or x < TrYN - NY. 

Next consider an investor that withdraws her investment in T-l. She earns (T-2)rY + 

Y. Comparing this to the bankruptcy payoff , we find that withdrawal in T-l is 

profitable when 
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(T-2)rY + Y > Y + jr/N, or x<N(T-2)rY = TNrY - 2NrY. 

Given the second condition for bankruptcy in T, a sufficient condition for profitable 

withdrawal in T-l is NY > 2NrY, or r < 0.5. In that case, the situation where everyone 

stays in until bankruptcy is not a Nash equilibrium. 

Similarly, no outcome can be a Nash equilibrium if all investments are 

withdrawn and more than rY is left in IF (because a single investor can increase her 

earnings by investing one more period). For example, no investments in IF at all is not 

an equilibrium. 

Next, consider quasi-symmetric strategies, i.e., symmetric strategies within the 

group of informed traders and symmetric strategies within the group of uninformed 

traders {e.g.. Palfrey and Rosenthal, 1983). A first thing to note is that in equilibrium, 

an investor will not postpone investing until a period t>l. In this case, she can 

unilaterally increase earnings by investing in periods 1 ..t-l and, if necessary, moving 

the period of withdrawal forward. Therefore, we only consider strategies where 

subjects invest in period 1 and withdraw in period t. If t=l this implies not investing at 

all. A strategy is then characterised by the period in which the investment is 

withdrawn. 

Therefore, assume that uninformed investors all follow the strategy that they 

withdraw in period t*, unless they observe the informed withdrawing in t<t*-l. In the 

latter case, the informed withdraw in period t. We will (A) first determine the best 

reply of the informed. Next, (B) we will argue that this best reply does not affect the t* 

chosen by the uninformed. Then (C) we will discuss the incentives for individual 

investors to deviate from the optimal quasi-symmetric strategies. Finally, (D) we 

determine the optimal t*. 

(A) The best reply to t* 

Let R, denote the total amount of money paid as interest in the periods l,..,t-l, and d'j 

be a dummy equal to 1(0) if j investor invested (did not invested) in period t. Thus, 

If the uninformed observe the informed withdrawing, this indicates that the amount of money left from x is 
insufficient to pay interest. We will argue below that, in equilibrium, the informed will not withdraw in any t<t* 
for certain parameters. 



Theoretical Model of Ponzi Game 117 

Also, let i% be the number of periods that interest can be paid out of x t 0 all N 

investors, given the realized value of %. Hence, tx is such that Rtx<X ana" Rtx+i>X-

Next, if tx > t*-l, let t** > t* be the lowest number of periods for which % is 

insufficient to pay interest if all N investors receive interest for t*-l periods (Rt*=(t*-

l)NrY) and only the I informed investors receive interest thereafter. In this case, the 

uninformed leave the scheme before % has been paid out completely as interest and the 

informed can stay in longer (until period t**-l) without risk. Thus, if tx > t*-l, t** is 

such that: 

X - Rt* -(t**-t*)rIY > 0 and % - Rt. -(t**+l-t*)rIY < 0. 

The final thing to consider before describing the best reply of the informed to the 

uninformed strategy t* is the fact whether interest payments in excess of x are being 

paid out of the investments of the uninformed or of the informed. In the experiment in 

the next chapter we will choose parameters in a way that insures that % plus the 

investments by the uninformed are sufficient to pay interest to all investors until t*. 

We will call this the Ponzi-condition. If it is not fulfilled, the informed are in fact 

playing a game of chicken amongst themselves that is not relevant for the Ponzi 

scheme. 

Now, assuming that the Ponzi condition is fulfilled, if the uninformed play the 

strategy t*, the best reply by the informed is to play the strategy: 

withdraw in t* i f tx<t*- l 

t** l f t x > t * - l . 

The intuition underlying this strategy is that the informed will withdraw at the last 

chance before the uninformed do, if the latter are 'overestimating' the amount of 

money available. In this case, the informed will draw interest from the investments by 

the uninformed. If the uninformed are underestimating the amount available, the 

informed will stay in until % is (almost) depleted. 

It is easy to see that this is a best reply to t* if all informed are forced to use the 

same strategy. If tx < t*-l no informed investor has a reason to withdraw at a different 
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time than t*. If tx > t*-l, all informed investors will stay in as long as the amount of 

money left in excess of investments is enough to pay interest to all informed (note that 

the uninformed will have withdrawn at the earlier stage t*. If the amount remaining is 

enough to pay interest to a subset of the informed investors, a game of chicken occurs 

between the informed players (similar to the situation described in Sadiraj, van 

Wijnbergen and van Ewijk, 1997). We will not discuss this 'subgame' in the present 

analysis. 

(B) Effect on t* 

Next, we consider whether this best reply will affect the t* chosen by the uninformed. 

This is not the case. The structure of the strategy by the informed is such, that an 

uninformed cannot derive any information about the value of x from it. Therefore, the 

uninformed will not update their beliefs about %'s value and stick to their originally 

determined t*. 

(C) Individual deviation from t* 

Are there reasons for individual uninformed investors to deviate from the quasi-

symmetric t*? As with the informed, the only reason for individual deviation would be 

that there is enough money (expected) for interest payments to some uninformed but 

not enough for all. Again, the consequence is a game of chicken between the 

uninformed, which we will not focus on. 

(D) Determining t* 

Therefore, we now determine the optimal t*. To do so, we determine the withdrawal 

period that maximises the expected return for the uninformed investor. Recall that % is 

drawn from a distribution on the domain {p,...,q}, with equal probabilities. Let tp (tq) 

be the number of periods that all N participants can receive interest payments, if x=p ( 

x=q)-

First note that there are tq-tp+l discrete periods in the interval [tp,tq]. The probability 

that x e [p,q] is large enough to pay interests to all I+U participants for exactly tp+n 
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periods, 0 < n < tq-tp, is equal to l/(tq-tp+l). If the uninformed stay in for tp+n periods, 

the probability that tx > tp+n (hence, the uninformed do not lose money to the 

informed) is equal to (tq - (tp+n) +l)/(tq-tp+l). The probability that any of the outcomes 

that tx = tp, tp+1 ... tp+n-1 occurs is l/(tq-tp+l). Note that the probabilities over all tx 

(=tp..tq) sum up to 1. 

Assume risk neutrality. Define Pr = l/(tq-tp+l) and denote money earnings by 

71. Recalling that we are still assuming that the Ponzi condition is fulfilled, the 

expected payoff from staying in for t*=tp+n periods (ne {0,1,.. .,tq-tp}) is given by: 

E(tp+n)= 7i( tp+n | tx > tp+n) P(tx> tp+n) + 7i( tp+n | tx< tp+n) P(tx<tp+n) 

tp+n-\ 

= {(rY(tp+n)+Y)(tq-(tp+n)+l)}Pr+ £ ({UY-(tp+n - i)rIY}/U + riY) Pr 
i=tp 

tp+n-\ 

= {(rY(tp+n)+Y)(tq-(tp+n)+l)}Pr+ X [riY(l+I/U)-(tp+n)rIY/U+Y]Pr (10) 

The first part of this expression gives the expected (net) interest earnings in case when 

tx > t* =tp+n. The summation gives the expected net interest earnings for tx < t*. In 

this case, bankruptcy will occur when the uninformed try to withdraw in t*. The net 

earnings are determined by what the uninformed player gets before bankruptcy minus 

interests that are paid to the informed from the investments of the uninformed. 

Because p, q and Y are independent of n, maximisation (over n) of E is 

equivalent to maximisation of E'=E/(YPr) over n. Rewriting gives: 

tp+n-\ 

E'=( r ( tp + n)+l)(tq-(tp + n ) + l ) + ( r ( l+I /U) £ ' ) - (tp+ n) r n I/U +n 
i=lp 

= (r(tp + n ) + l ) ( t q - ( t p + n ) + l ) + (r(l + I/U) (ntp+n(n-l)/2)- (tpn+n2) r I/U+n (11) 

Taking the derivative: 

dE' _ 1 r(-2Utq + 2Utp + 2Un-U+2In + I 

~ * = 0 = ~ 2 ~ U { } 

4 Formally, we cannot take the derivative to n, because n is discrete, of course. The function is such, that we can 
optimize for continuous n, however. If the optimum is for non-integer n, we need to check which of the adjacent 
integers is optimal. If the optimum is 'out of bounds', the corresponding comer solution is the optimum. 
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Note that the second derivative is equal to -r(l+I/U), i.e. negative. So, we are dealing 

with a maximum. Hence, n =[tq - tp + (l-I/U)/2] U/(U+I) and t* = tp + n = tq + L/N tp + 

(U-I)/2N. Hence, for given parameters, we can easily calculate the quasi-symmetric 

equilibrium. 

Under the assumption of asymmetric information and full rationality the 

prediction of the model is that the uninformed can not derive any information by 

looking at the movements of the informed. Therefore, the uninformed will not update 

their believes about x's value and stick to their originally determined time to exit, t*. 

This prediction differs from the one in the first model where the uninformed follow 

herd behaviour and therefore follow the movements of informed investors. 

Next, as in the previous model we look at the relations between the time of 

collapse and parameters such as interest rate, number of informed and uniformed 

derived by this model. These can be seen by the sign of the differentiation of t* = tp 

+ n (where n is optimally derived by maximising the expected earnings) with respect 

to interest rate, r and the ratio of informed to uninformed, I/U. Given that tp = 

p/r(I+U) and tq = q/r(I+U) we substitute them in the expression for t* as follows: 

1 2Uq-2Up + rU- -rV 

r(U + I) '2 (U + I)2r 
t* = tp + n= / w ^ + - — - — / r r 2 (13) 

Next, we differentiate t* with respect to r: 

dt* pl + Uq 
2 T < 0 (14) 

All variables in the above expression are positive therefore the above expression is 

negative. Hence, we find a negative relationship between the optimal exiting time t* 

which according to the model is the time of collapse and interest rate. This prediction 

coincides with the one concluded from the first model. 

Next we look at the relation between the time of collapse, t* and the ratio of 

informed to uninformed I/U. We calculate the first derivative of the exiting time, t* 

with respect to this ratio. 

dt * _ (p + r)(U+n+q-p < 0 

d(l I U ) (U + / ) r ( l + ( / / [ / ) ) 
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The sign of the above expression is again negative. An increase of the number of 

informed investors result in a decline of the optimal exiting time calculated by the 

uninformed while an increase of the number of the uninformed investors results on a 

longer life of the scheme i.e. t* becomes higher. This result also coincides with the 

comparative statics of the first model. 

Next we summarise the predictions of the two models in the following table. 

Table 6.2 - The predictions derived from two models 

First Model Second Model 

The impact of r on T - -

The impact of I/U on T - -

Herd behaviour Yes No 

The two models we have laid out in this chapter differ on their predictions only 

when predicting the behaviour followed by the uninformed investors. We conduct 

experiments where we replicate conditions for Ponzi schemes in laboratory settings 

and check for the kind of behaviour the subjects will reveal and for other comparative 

statics. 

6.5 Conclusions 
Rational Ponzi schemes are the schemes that exists in a population with infinite 

number of agents and the agents holding the debt would be willing to roll over the 

principal, and the interest payment could be raised by selling new debt to the 

newcomers. Ponzi games ran in Albania and other Eastern European countries can be 

seen as classical non-rational Ponzi schemes where the growth of population was 

lower than the interest rate offered by theses schemes. 

If information is perfect, people cannot be misled about the true nature of the 

scheme, and thus will not invest. Backward induction reasoning ensures zero Ponzi 

participation in an environment of well-informed, rational individuals. Albanian 

reality seems best approached by assuming a population where all agents have rational 

expectations, but only some agents are informed about a relevant piece of information. 
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The assumption of the existence of two types of agents, "informed" and "uniformed", 

i.e. the asymmetric information is the force that ensures the starting of the game while 

the search model, by providing noisy information, is the driving force for the scheme 

to exist. 

Two models are given in this chapter, which derive two different predictions. 

In the first one we argue that the uninformed investors enter in the scheme due to their 

expectation for a governmental bailout, since the governmental official were 

promoting the scheme. After they enter, their decision is based on just following 

informed investors movements i.e. they show 'herd' behaviour. The second model 

assumes all agents being very rational and no expectations for bailout are assumed. 

The second model predicts that the uninformed investors will calculate ex ante the 

exiting time and they will stick to it no matter what the informed do during the game. 

The strategy chosen by informed investor in the first game, knowing that the 

uninformed will just follow their move, is that in case of one investor he will get out 

one period before if there is enough money in the scheme for him to get the principal 

out. When there are two informed investor the NASH equilibrium will be that one 

leave two periods before the time of collapse and the other one stays one more period 

and shares the profit with his partner. In the second model there is a strategic 

interaction between the informed and uninformed and the prediction derived from it is 

that the uninformed investors will choose their strategy at the beginning of the game 

and will stick to this strategy regardless the strategy followed by the informed 

investors. 

The dynamics of the first model show that the number of the uninformed 

investors in the scheme at a given period of time approaches to some maximum. After 

the maximum is reached the scheme collapses. The implication is that the size of the 

population of uninformed investors who yield losses is quite high. The reserve in the 

scheme, M, is rising at first but falls later (until the collapse). 

In both models we find that the size of the population of the uninformed is 

positively related with the length of the time of collapse. In a small, undeveloped 

country like Albania, the size of the population of uninformed investors approached 

the real size of the working force of the Albanian population. While in western 
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countries the government intervenes by not allowing schemes to continue when they 

become overly significant, in Albania government representatives let it run freely and 

supported the scheme with their own interest in mind. 

The next comparative static derived by both models is that, the higher the 

number of informed investors the faster would be the money of uninformed investors 

exploited by the informed ones, i.e. the shorter the scheme would last. The 

redistribution effect is clear and the economic and political consequences are clear as 

well. Finally, in both models we find a negative relation between the time of collapse 

and the interest rate offered by the schemes. 

An important finding of the first model is that the length of the time of 

collapse is positively related to small values of q—probability of being liquidity 

constraint or unwillingness to enter the scheme - and negatively related to high values 

of q. These schemes are very vulnerable to the outside information built about them, 

which gets translated to the q value. Building credibility by having government 

support helps to maintain low values of q i.e. maintain the scheme much longer. An 

IMF warning made early in time would have helped in increasing the q value in early 

times, when not many people were involved in schemes and therefore in saving the 

country from falling in chaos. 

Through the first model we try to show that it is the lack of a well-organised 

institutional sector, weak and uncontrolled financial sector, the political instability and 

the government corruption rather than the fault of common people that brought the 

country to chaos. Also the international institutions such as IMF or the World Bank 

should be faster in reflecting on the distortions of the stabilisation reform in the 

Albanian case. 

As already mentioned, the two models we have laid out in this chapter differ 

on their predictions only when predicting the behaviour followed by the uninformed 

investors. In the next chapter we replicate conditions for Ponzi schemes in laboratory 

settings and among other indicators we check for the kind of behaviour the subjects 

will reveal. 




