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Introduction

Ezxploring Social Behaviour

What drives human behavior? How do we make choices in complex en-
vironments? What factors shape our preferences in these conditions?
These questions have long fascinated me and have driven generations of
researchers in the social sciences. While many insights have been gained,
research continues to unveil new layers of understanding. Seminal works
have highlighted the bounded rationality of our decision-making, reveal-
ing that our choices are influenced not only by individual perspectives
but also by the broader context of social structures. It is this interplay

that drives the core of this PhD thesis.

This PhD dissertation encompasses three distinct research topics con-
nected by the unit of analysis we will explore: our "animal" species, aka

humans.

In the first Chapter, "Interacting Cobweb Demands” (co-authored
with Prof. Giorgio Ricchiuti, University of Florence), we wanted to

explore the role of consumer behaviour when choosing between the pur-



chase of two or more goods. The methodology employed was a simple
dynamical system, namely the Cobweb Model (Ezekiel, 1938). We did
this by adding an element of uncertainty, namely the quality of a good.
In doing so, we formulated a heuristic in which consumer choice de-
pended on the interplay of two elements. The first is the distance of
the current price from the expected price of a good, which served as
a reference point, as described in Kahneman and Tversky (1979). The
second element was the preference for buying the good at the lowest
price, which represents the baseline of utilitarian-maximiser agents. We
found that the intermediate weights between these two elements in the
heuristic were responsible for complex dynamics. The interpretation
of the "key element" of the heuristic, i.e., the Reference Quality (RQ)
price, can have multifaceted views. For example, one interpretation is
the luxury pricing of goods, namely the "Veblen" effect Veblen (1899).
Namely, goods whose price increases with demand follow the opposite
behaviour of normal goods. In detail, although not mentioned directly
in the Chapter, we can observe the "positive-slope in price" effect on two
parts of the Demand function , which is typical of this class of goods—
namely, when the price is either too low or too high relative to the other
good. Another interpretation is that consumers want to convey a signal
of "trust" toward the sellers, an element existing in "fair-trade" goods.
Accordingly, this could explain why consumers would be "happier" in

purchasing a good above the actual price, which is also close to the con-



cept of a "Fundamental Price" in investor heuristics in finance Brock
and Hommes (1998, 1997). Our findings can be considered relevant to
the literature as they employ a methodology (i.e., the Heterogeneous
Agent Models) to problems that were not considered under this setting
(i.e., consumer purchasing choices). Turning to the results, an overall
interpretation of the analytical findings is that, as the "quality" factor
enhances its relative importance, the system tends to stabilise in the di-
rection of the R() price, which is a positive outlook in complex dynamics
settings. Finally, there are relevant mathematical results, such as the
events of a Crisis of an attractor , due to the piecewise nature of the
dynamical system. Concluding the comments on this Chapter, I repute
this work as important for the audience of social sciences in general be-
cause it amplifies the domain of possible applications of heterogeneous
agent models, as it opens new possible applications of the cobweb model

that were unexplored up-to-date.

The second Chapter, differently, takes another problem with another
methodology. The union with the former can be the unit of analysis, i.e.,
consumer behaviour. In Chapter Two "Misperception of Norm: Smart-
phone Use”, done in collaboration with the European Commission, Joint
Research Center, we built a novel survey RCT to investigate a series of
hypotheses concerning the use of digital devices. The topic is fascinat-

ing because digital consumers generally tend to use digital devices more



than they usually would like, hence calling for exploring the consump-
tion pattern. The latter may be due to two fundamental reasons. On
one side, digital goods (particularly social media) are addictive (Allcott
et al., 2022). Hence, due to a combination of habit formation and self-
control issues, digital consumers may use the digital device more than
they intended. Conversely, welfare measurement problems arise when
a digital good is free of charge (Aridor et al., 2024). Hence, when as-
sessing the latter, consumers may be better off reducing digital device

consumption due to the former reason.

The novelty of this Chapter in the social science literature is that it anal-
yses the problem of smartphone over-consumption from a norm perspec-
tive, with this study as the first attempt at doing it. Along the paper,
our main hypothesis is that digital consumers may use smartphones
more than intended because (beyond the addiction issues) they overes-
timate their peers’ usage and underestimate their own usage. Hence, we
first assess the existence of misperceptions concerning smartphone use
on both sides (personally and socially). Moreover, we show that these
perceptions are strongly connected with our own attitudes towards the
norm (i.e. smartphone use), which is a general finding in the mispercep-
tion of social norms (Bursztyn and Yang, 2022). Secondly, we show that,

through the provision of an RCT information experiment, where half of



the sample is informed about the "real"! average peers’ consumption; we
can derive some causal claims about the social dimension of the norm.
That is, through the baseline pilot data, we show that the treatment
assignment affects the intention of reducing the screen time for those
respondent who were mistaking the norm "smartphone use" the most.
The latter is the main contribution of this paper at this stage. Later,
upon the availability of the primary survey, which is currently ongoing,
we will be able to assess these findings better in a larger sample. Accord-
ingly, we will be able to assess medium-term outcomes, like educational
and well-being outcome variables, mediated by an eventual reduction of
smartphone use.

In this regard, I believe this work is important for opening a new room
to improve digital consumers’ welfare. That is, provided the evidence
of over-consumption, we give an informational tool through which con-
sumers experience a form of self-reflection, which may induce them to

reflect on their smartphone consumption load.

Finally, the Third Chapter, "Aspirations and Effort” considers one
of "the main goals" within the PhD Thesis that I wanted to explore
from the beginning, namely the topic of Inequality. For instance, the

third Chapter of this work, which is not a fully developed project, first

LOur interpretation of "real" usage is related to the average norm usage of the device by the reference
group that we considered in the study. This Chapter studies this behaviour for the population
aged 18-30 from six countries in the EU.



explains some ontological reasons for the existence and endurance of
Inequality over time. To achieve this "goal", I tried to reconnect the
concept of "aspirations" defined as a "determinant of individual invest-
ment" (Genicot and Ray, 2020) with the structure of the society over
time. That is, in a perspective where your outcomes are a function of
a continuum of possible Societal combinations of effort and luck over
time, Aspirations can be either self-determined at birth by your kin-
ship unit (hence, purely exogenous from the individual standpoint) or
according to the network structure, where the probability of contact
(hence, integration between communities) is a determinant of your eco-
nomic outcome in life. The first element is at the core of Talcott Parsons
(1940) functional theory of social Stratification, while the second is the
recent finding of the companions Chetty et al. (2022a,b), where they

assess this relationship empirically.

The paper is divided into two main parts; the first one goes in the di-
rection of the "History of Economic Thought" perspective. Namely, I
analyse two distinct authors (Parsons (1940) and Veblen (1899)) who,
even indirectly, explored the concept of action (hence, effort) over the
life-cycle. In their respect, I compare their views and perspectives on
this topic. Accordingly, Parsons places greater emphasis on the elements
of social structure which guide individual action, while Veblen is focused

on the "innate" behaviour of humankind in excelling over others. This



work can be important for tracing further perspectives on the problem
of inequality endurance over time, which has been unexplored from an

economic perspective.

The second part of the paper, instead, attempts to formalise these con-
cepts within a static network game with quadratic cost pay-off. Ac-
cordingly, the model’s novelty is to embed agents with "aspirations",
which are exogenously given. Aspirations in this scenario could be seen
as a "target effort", according to which, if achieved, the agent derives
enjoyment and satisfaction from it. Accordingly, I characterise the equi-
librium of actions and provide some results with comparative statics for
a static model version. Concluding this Chapter, the model, in a final
version, shall include the dynamical evolution of aspirations over the

time domain.

Now, the reader is left with the content of the dissertation.
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Chapter 1

Interacting Cobweb Demands

A heterogeneous agent model of consumer behavior

*—~ The present chapter is co-authored with Giorgio Ricchiuti (University of Flo-
rence), and part of it is published in the journal Computational Economics (Springer).
Pinna, L., & Ricchiuti, G. (2025). Interacting Cobweb Demands. Computational

Economics, 65(2), 1015-1050.



Interacting Cobweb Demands
Lorenzo Pinnat Giorgio Ricchiuti®®

Y Universita degli Studi di Siena
b Universita degli Studi di Firenze

¢ Complexity Lab in Economics (CLE), Universita Cattolica del Sacro Cuore, Milano

Abstract

This paper proposes a simple, stylized two-good, two-market dynamical
cobweb model. Consumers and producers are located in two countries, where
they can choose to consume either locally produced or imported goods. We
introduce a heuristic rule for consumers, which considers a convex combination
of purchasing the cheapest good and the expected intrinsic quality of the two
goods. Numerical simulations demonstrate that the interconnection between
markets is a primary driver of instability, manifesting through either a flip or
a Hopf bifurcation. Additionally, the dynamics depend closely on the price-
quality trade-off. We identify three scenarios: when only price matters, a
stable period-2 cycle arises; when only quality matters, the system converges;
and in intermediate cases, complex dynamics emerge. Notably, we discovered
a boundary crisis region, where there is a sudden shift from a chaotic attractor
to stability. Finally, as a brief extension, we analyze the system when tariffs

are considered for policy purposes.

Keywords: Interacting Markets, HAM, Trade, Consumer Choice, Consumer Heuristics
Dynamical Systems.
JEL codes: C02, C62, C63, D11, D16, D91, M30, Q02, Q11.
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1.1 Introduction

In the aftermath of WWII, increasing interactions between economic regions took on a
prominent role, enhancing trade flows, particularly in intra-industry exchanges (Grubel and
Lloyd, 1971). In this context, empirical evidence presented both advantages and disadvan-
tages. On the one hand, consumers benefited from having access to quality-differentiated
similar goods?. On the other hand, greater openness magnified the risk of financial, epi-
demiological, and ecological shocks Schmitt et al. (2018a). These shocks can affect both

sides of the market: demand and supply.

The traditional interacting cobweb market of Dieci and Westerhoff (2009, 2010) (hence-
forth DW, 2010) considers the presence of two goods, each represented by its respective
market. The source of nonlinearity and complexity is supply-led, as producers can switch

production based on the past-profit differential of the two goods sold.

This paper considers a stylized two-country, two-good cobweb-type model that empha-
sizes the role of the demand side within the cobweb framework. To focus on the demand
effect, we keep the supply linear over time with naive producers, allowing consumers to
switch consumption between the two available goods®. The two goods differ only in their
production location. Indeed, within the novel literature on interacting cobweb markets, a

contribution that considers demand-led interaction is an interesting feature to explore?.

We consider the presence of two switching mechanisms, one for each country under con-

2Explained, among others, by the pioneers of the new trade theory such as Krugman (1979) and
Helpman (1981).

3Throughout the paper, we will use the terms quotas and shares of the two groups interchange-
ably. This clarification is necessary to avoid confusion for readers familiar with the concept of
"import /export quotas’ in international economic literature.

41t is worth mentioning that such a source of interaction was already considered in Casellina et al.
(2011) for an application to the credit market. However, their scenario considered consumers
switching between two available financial assets and did not analyze the effects of trade costs or
focus on consumers’ behavioural rules.
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sideration®. Consumers use a heuristic to evaluate the purchase of two identical goods in
terms of needs satisfaction and enjoyment. In this respect, the decision rule comprises two
layers: first, consumers determine which good to consume, and secondly, how much of that
good to consume. This process accounts for the fact that consumers cannot observe the
good ex-ante and make a purchase decision one period in advance. Consequently, in their
first-layer decision, there are two main concerns. The first is that, under non-observability,
they establish a "reference-focal point" (Kahneman et al., 1991) where, as the current price
approaches this value, the fitness—the good’s expected quality—is at its peak®. Consumers
believe that the reference quality—henceforth R(Q) price—represents the value under which
the type of good sold corresponds to the actual value of that good”. The second factor, in
line with canonical consumer behaviour, is the willingness to purchase at the lowest price.
The resulting heuristic is a combination of these two factors, moderated by a weighting

parameter.

Compared to the related literature, we introduce non-linearities on the demand side through
a switching mechanism inspired by Manski and McFadden (1981). We embed a novel
heuristic that accounts for the choice of one of the two products according to a reference
point. The resulting map becomes a two-dimensional piecewise-smooth system. In a sim-
ilar vein, Naimzada et al. (2019) considered within a linear cobweb model the existence
of a "Reference Point" evaluated by consumers directly in a demand function with loss
aversion. Differently, our heuristic accounts for an aversion to purchasing a good below
this value, but not above it, as quality concerns arise. The rationale is that consumers
infer the quality of a given good through the observed price. Hence, a higher price than
the RQ one does not constitute a loss in the quality sense, but only in the price sense.

Moreover, for policy purposes, we analyse the system when tariffs are relevant, specifically

®Along with our narrative and analysis, we explore the presence of two countries, although our
framework can be extended to account for a multi-country setting or a single country with two
available goods.

6Tt is worth noting that consumers do not experience the good’s quality ex-post. Instead, they use
the reference-focal point as an ex-ante expectation of the good’s quality.

"This scenario resembles cases where the good in question cannot be observed ex-ante. Consequently,
consumers rely on this value as a reference for their purchase. A practical example can be the
purchase of a wine bottle or any non-storable product that cannot be observed or sensed prior to
the purchase.

14



considering an exogenous import tariff imposed by the importing country, with a focus on

asymmetric tariffs.

Through analytical analysis and numerical simulations, we obtain the following results.
When quotas are fixed over time, we generalise the canonical model of Ezekiel (1938). For
the variable quotas case, we find that at least one steady state exists with both prices
equal to the RQ price (Proposition 1.1). Furthermore, four additional steady states may
exist depending on the distribution of consumers across the two markets (Proposition 1.3).
We also show, in Proposition 1.2, that our dynamical system converges to stability (at
the RQ steady state) when the quality factor is the sole component that matters within
our heuristic. Additionally, the system could lose stability through either a Flip or Hopf

bifurcation.

Moreover,through numerical simulations, along with baseline settings, we show that in-
terconnection between symmetric markets is among the drivers of instability. Specifically,
a decrease in heterogeneity (a higher intensity of choice) among consumers destabilises
markets that would have otherwise been stable. This mechanism first leads to a period-
doubling bifurcation, resulting in oscillations around the steady state. Moreover, further
decreases in heterogeneity can give rise to more complex dynamics, including the emer-
gence of the Hopf scenario. This key mechanism was also the main finding in Dieci and
Westerhoff (2010) concerning the supply side, where a Neymark-Sacker loss of stability

occurred due to market interaction.

As the final pillar of our analysis, we have found that the trade-off between purchasing at
the cheapest price and at the R(Q) price triggers complex dynamics in intermediate cases
where the cheapest price factor matters more. Conversely, when consumers prioritise the
RQ price, the system converges to one of the steady states according to the initial condition
of the state variable. Hence, the dynamics depend strictly on the price-quality trade-
off, mediated by the weighting parameter. We identify three scenarios: when only price

matters, a stable period-2 cycle arises; when only quality matters, the system converges;

15



and in intermediate cases, complex dynamics emerge. Interestingly, we found the existence
of a boundary crisis region, where there is a sudden shift from a chaotic attractor to
stability.

In the wake of asymmetric tariffs, a further destabilizing effect emerges as the distance
between the two countries increases, whereas high symmetric tariffs act as a stabilizing
force by making markets more segmented. Even though our framework considers exoge-
nous trade tariffs, and thus there is no lobbying by consumers and producers as in Tuinstra
et al. (2014), our results align with the stabilizing policies on profit differentials studied in

extensions of the interacting cobweb model Schmitt et al. (2017, 2018b).

The remaining structure includes a literature review in Section 1.2, followed by the pre-
sentation of the baseline model in the third section. The case of variable quotas, along
with its analytical properties and numerical experiments, is discussed in Sections 1.4 and
1.5, respectively. The conclusion will provide a summary and explore further avenues for

extending this framework.

1.2 Related Literature

The canonical Cobweb framework has the capability to provide a theoretical explanation
for price fluctuations in the commodity market. This stylised fact was prominent in the
first half of the 20th century. For instance, the traditional Cobweb model emerged from
contributions in the early '30s (among others, Leontief (1934) and Kaldor (1934)), which
are largely encapsulated in the popularised Ezekiel (1938)%. The starring role of the Cob-
web model in economic theory stems from the introduction of dynamics resulting from
firms’ naive price expectations (namely, one period ahead) regarding the production of
a non-storable commodity that takes one period to produce. Due to producers’ naivete,
unstable dynamics emerges as a result of when their reaction to price changes is higher
than the consumers’ one. The producers’ overreaction in price changes leads to fluctua-

tions (specifically, constant up-and-down or period-two oscillations) around the long-run

8See Dieci et al. (2022), which provides a consistent summary of the literature on the antecedents
and subsequent contributions of the Cobweb models.
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equilibrium price.

Thanks to its tractability, the Cobweb framework has gathered renewed interest in being
conceptualised under different settings. Among others, we can distinguish the study of
different price expectation schemes such as adaptive expectations in Nerlove (1958) and
its seminal extension, where chaotic behaviour emerges due to nonlinearities in Chiarella
(1988). Indeed, interest in nonlinearities triggered contributions aimed at studying cobweb-
type dynamics (Artstein, 1983; Hommes, 1994; Jensen and Urban, 1984).

The seminal contribution of Brock and Hommes (1997) spotlighted the Cobweb literature
by embedding nonlinearities through discrete choice models & la Manski and McFadden
(1981). Investors can choose between adopting a costly rational strategy or a cost-free
naive one. The nonlinearity in aggregate supply generates endogenous dynamics with
chaotic behaviour. The magnitude of chaos depends on the intensity of choice, which is
linked to the scale parameter of the logistic distribution (Galanis et al., 2022)?. However,
in these frameworks, the dynamics are driven by the supply side, both in terms of firms’

expectations and the strategies employed.

In our framework, however, heterogeneity concerns consumers: they compare the conve-
nience of buying one of the two available goods. Furthermore, our work aims to refresh
a branch of the literature that has yet to evolve within the Cobweb literature over the
past two decades, specifically the effect of market interdependencies. On one side, Currie
and Kubin (1995) shows the non-negligibility of nonlinear effects arising from market in-
terdependencies, contrasting Schumpeter’s 1954 fundamental principle of partial analysis,
which posits that when effects are negligible, interrelations do not matter. Hommes and
van Eekelen (1996) countered this finding by arguing that when market interdependency

effects are not pivotal, the qualitative results remain unaltered, thus supporting Schum-

9The logistic distribution is characterised by a mean, u, and a scale parameter, ¢. The intensity

of choice corresponds to the inverse of the scale parameter. Moreover, the variance of the logistic
distribution is equal to ¢23”2. Therefore, an increase of intensity of choice leads to a reduction of
the variance of the logistic distribution, a lower heterogeneity/dispersion or a higher homogeneity

in choices.
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peter’s principle!®. In this branch of the literature, Yousef et al. (2000) contributed by
extending the debate to interdependent global economies, studying the effect of market
interdependencies.

Secondly, our contribution belongs to the family of Cobweb models with market interac-
tions, specifically the Dieci and Westerhoff (2009, 2010) framework. Their principal finding,
as anticipated earlier, is that if two Cobweb markets are supply-linked by producers choos-
ing to produce one of the two horizontally competitive products based on their profitability,
as the degree of rationality increases, markets that would otherwise be individually and
globally stable lose their stability due to this interaction mechanism. Further developments
by Dieci and Westerhoff considered, for instance, the role of exporting producers and lob-
bying for endogenous tariffs from a two-country perspective (Tuinstra et al., 2014). While
this relates to our framework from a country perspective, our approach differs by consider-
ing exogenous trade tariffs (with a focus on their asymmetry) and demand-led switching.
As noted above, Casellina et al. (2011) also considered demand-side interactions with one
switching mechanism and a specific application to the credit market. Further develop-
ments in the interacting Cobweb literature include the welfare effects of stabilizing policies
guided by profit taxes Schmitt et al. (2017, 2018b)!!. Another closely related contribution
is Muscillo et al. (2021), which considered a dynamical model over two geographically dis-
tinct but interacting markets where the link is in trading a sector potentially affected by
the spread of a disease (e.g., Cattle Market). They show that the resulting infection shock

arising from market interaction is more "extreme" compared to the case of autarky.

Finally, we propose a novel heuristic rule that considers higher fitness according to the
trade-off between quality and price. This type of mechanism is well-known in the literature
on consumer choice. For instance, a higher concern for quality can be associated with

"coordination mechanisms,"

where consumers care about the value of a good. Thus, they
may have a higher willingness to pay if they believe that the quality of the good is superior.

The rationale behind this mechanism can vary depending on the example given.

10This result was proved with the inclusion of an IID disturbance term in the model.
"For a comprehensive review of interacting Cobweb markets and related stabilizing policies, see
Schmitt et al. (2018a)
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One example is "Status Goods" (Veblen, 1899), where, according to Veblen’s theory of the
Leisure Class, consumption of a status good depends positively on the "exclusivity" of the
good. Under certain network conditions, such as interpersonal comparisons, consumers
would purchase goods with a higher price. This concept has received attention recently
(Ghiglino and Goyal, 2010; Ghiglino and Langtry, 2023; Langtry, 2023). Another example
relates to consumer awareness about the value of the good. In this case, awareness can take
the form of "Fair Trade" mechanisms (Renard, 2003; Nicholls, 2010), which could induce
consumers to be happier paying "more" knowing that a higher margin of a "non-storable"
commodity, as in our case, goes to the producers. Accordingly, our model considers the
quality effect through a parameter (w) that mediates the prominence of this factor in the
consumption choice. With a lower concern for quality, the price effect increases, inducing
consumers to place higher importance on the price when it is lower than the R price,
which serves as a reference point.

Reference points are also an important component of our heuristic rule, underpinning
a series of findings (among others, the studies of Kahneman and Tversky 1979; 1991)
that show agents, under incomplete information, apply rules of thumb to make purchase
decisions. In the Cobweb scenario, only Naimzada et al. (2019) applied such reasoning by
including reference points within linear demands. They examined the role of a reference
point in consumer behaviour, introducing the concept of loss aversion within the Cobweb
framework. In their model, if a consumer’s previous purchase was below the reference point,
it was perceived positively, while a purchase above the reference point was perceived as a
loss. As per their findings, losses loomed larger than gains. In our scenario, consumers use
the price versus the reference price to evaluate the convenience of purchasing a given good.
In conclusion, in our model, the reference point affects demand only indirectly through
the consumer heuristic within the switching mechanism, which constitutes the source of

non-linearity in the demand.
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1.3 The Model

Relying on the Dieci and Westerhoff (2010) framework!? of interacting Cobweb markets,
we portray the consumers as the deciders of the purchase among two available goods, X
and Z. As usual, within the Cobweb framework, the supplier is producing a non-storable
good that takes one period to be produced. To keep the model as simple as possible, we let
the aggregate supply be linear over time. In this way, we will deeply focus on the source of
complexity that may arise from the nonlinearity in the aggregate demand. As anticipated
in the introduction, consumers are located in two geographically distant areas, A and B.
Henceforth, we assume—as a working assumption—that they are unable to migrate be-
tween the two regions. The same holds as well for the producers: we might imagine that the
costs of moving for producers are so high that they have no incentives to move. Thereafter,
we assume that the local good of A is X, whereas for B it is Z. Without loss of generality,

the agents populating the two areas, denoted by N4 and Np, are the same (i.e. Ng = Np).

1.3.1 The Baseline Setup

In each period, consumers have a purchasing choice over one of the two goods available.
However, only a fraction of them changes the product over time. Accordingly, a portion
87 € [0,1] for country j does not change purchasing choices over time, which can be
referred to as conservative consumers, Ni = 6NJ. Instead, (1 — 67) denotes the share
of consumers that might switch consumption over time, in a dynamic fashion, henceforth
denoted as switching consumers, Ni, = (1 — §)N7. Throughout our analysis, J is
assumed to be the same for A and B, that is 64 = 6% = §. Consequently, the consumers’

distribution in the two areas is as follows:

N/ Ni, N [N, N I B o
m = N ﬁ = Nigw + @ (1—5)+5 = (nX+nZ)(1—5)+5 =1 J = {A,B},

where nf indicates the subset of switching consumers (with relative weight 1 —¢), purchas-

ing good 4 in country j. And (nJX + nJZ) = 1. It is worth mentioning that conservative

2Indeed, we stick to their notation as far as possible.
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consumers stick to their consumption choices over time. We do assume that they are

equally split in their choice between X and Z'3.

Since X and Z are available in both regions, their aggregate demand is the sum of the

demands of each region:
Diy = 8(D{ + DB) + (1 - 8)(n{'D{, + nPDE) i ={X, 2} (1.1)

where the first part represents the conservative consumers and the second identifies the
switching consumers’ demand that is the product of the sum between the individual de-
mands (D7, DP) with their respective consumer quotas (n',n?) of the two regions. The

canonical linear demand functions are:
A B
DX7t =ax —bXpXﬂg; DX,t =ax _TXbXPX,t (1.2)

Dgt =az — bZPZ,t§ Dé,t =ay — TZbZPZ,t (1.3)

where, a; > 0 captures the market size for the good i and b; > 0 is the demand slope.
Henceforth, we consider equality between the demand slopes and the market sizes of the
two goods, that is by = bz =b and ax = az = a.

7; > 1 denotes the tariff that is applied to the good 4. If 7, = 1, none tariffs apply to the
ith good in object.

The market clearing occurs at each period as follows:
Sg(,t =Dx: = 5(D34(,t + D)B(,t) +(1— 5)(”34(D34},t + n)B}D)'?,t) (1.4)

S%,t =Dz = 5(Dé,t + Dg,t) + (1 — 5)(”éD§,t + ”ng,t) (1.5)

The producer’s supply function, the left-hand side, directly depends on the price formation
scheme. A reasonable assumption is that the producer may adopt naive expectations, as

assumed in the baseline case of Ezekiel (1938) and confirmed by laboratory experiments

13This is a natural consequence of imposing 64 = 62 = § over time.
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related to cobweb mechanisms Sonnemans et al. (2004). That is:

Sy =sP1, s>0, i=X,Z. (1.6)

This formulation is consistent with a quadratic cost function, that is readable through
the assumption of perfect competition within the two available goods. By inserting (1.2)

((1.3)) and (1.6) into (1.4) ((1.5)), the law-of-motion of prices is as follows:*

B a(26+(1—5)[nﬁ.—l—nf}])—sPX,t,l
Pxt = 360+ (=0 [nd rxnl])
B a<26+(1—5)[né—i—ng])—spzyt,l
Zt = b(5(1+7'z)+(1—6)[né—&—TanZ?])

(1.7)

It is worth noting that, given both the demands and the fixed quotas, there is no interde-

15

pendence across the two prices'®. Straightforward, the steady state (Px, Pz) is unique

and it is given as:

B a[25—|—(1—5)(n§(—|—n§)]
YT+ 7x) + (1= 0)(nd +mxnB)] + s

- a [25 +(1- 5)(n§ + né)]
Pz = bl6(1+712)+ (1—0)(ng + Tzné)] +s (1.9)

An increase in the market size, a will lead to an increase in the prices of both goods. On
the other hand, an increase in the slopes (b and s) of demand and supply or in tariffs (7;)
would decrease the prices at the steady state. Interestingly, an increase in the quota of
conservative consumers results in an increase of both prices at the steady state, because
it would guarantee a fixed demand towards the good in the object.

The global asymptotic stability holds whether the following conditions are met simultane-

ously for markets X and Z:

S PO+ +A=mt+rxn)], 3 < [B(1+72) + (1= 0)(nF +7an)]

(1.10)

14 A necessary condition that we pose, as for having prices greater than zero Vt,b(d + 1) > s.

15We studied the case of cross-dependencies in the price of the two goods in an earlier version.
Accordingly, the results correspond to a primitive form of interaction of demand-side coming from
the Currie and Kubin (1995) model. The analysis is available upon request
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In the case of fixed quotas, stability strictly depends on the relationship between supply

and demand slopes. The right hand side is equal or greater than one if:

5 L= +nf)
147 — (0t +mnk)

7

Specifically, considering the absence of tariffs (i.e. 7, = 1), and given that the total fraction
of consumers lies in the region n§ + n§ € (0,2), the right hand side it is always greater
than one when the share of conservative consumers (§) is more than 0.5. Under this
consideration, when the consumers’ reaction (b) is greater than the one of producers (s),
the steady state is stable (as in Ezekiel (1938)). In the opposite case, s greater than
b, the condition for ¢ is more stringent. Furthermore, an increase in tariffs 7; affects the
stability of the syste