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John Maynard Keynes [1] famously opined, “If economists
could manage to get themselves thought of as humble,
competent people on a level with dentists, that would be
splendid.” He was expressing a hope that the science of
macroeconomics would evolve into a useful and routine type of
engineering. In this future utopia, avoiding a recession would
be as straightforward as filling a cavity.

Mankiw N. G. [2, p. 44].

Summary

Macroeconomics studies the performance of the economy as a whole. Trajectories
of aggregate variables, as income, consumption, investment, or unemployment,
are typically determined, in standard economic theory, through simple mechanic
models based on strong assumptions of rationality, efficiency, optimality, and
equilibrium. These models have been useful to address many relevant issues and
have contributed to a solid understanding of how macro-variables relate and how
economic policies might be implemented to increase welfare and enhance growth.
Notwithstanding, there is, in such settings, an unrealistic view of how people act:
Economic agents are identical in their endowments, preferences, decision-making
capabilities, and other features, implying that standard macro-analysis might be
pursued under the convention that exists a unique representative agent that solves
an infinite horizon optimal control planning problem. As it is frequently pointed
out, standard economic theory considers a simple world where a sophisticated
agent makes choices. Though, in reality, the opposite occurs: Agents are not
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sophisticated decision-makers, and theworld is complex and impossible to process
in its entirety by any individual agent. To better understand macro-phenomena, a
methodological change is required: Heterogeneity, interaction, bounded rational-
ity, and the use of decision heuristics must be accounted for, in order to further
explore the dynamics of collective economic behavior and, therefore, to better
understand, predict, and act upon important macro-problems, as recessions,
persistent unemployment, or rising inflation.

Credits should be acknowledged to Dr. Filipe Inteiro, Communication
Department, ISCAL.

The code of this chapter is 01001101 01100001 01100011 01110010
01101111 01100101 01100011 01101111 01101110 01101111 01101101
01101001 01100011 01110011.

1 Introduction

Research in macroeconomics poses two fundamental challenges. First, one should
remark its forward-looking nature. Economics in general, and specifically
macroeconomics, deals with future events and their inherent uncertainty, with the
way in which such events can be predicted, and with how agents form expectations
about the foreseeable evolution of income, investment, employment, inflation, and
other aggregate variables. Second, macroeconomics is associated with the study of
collective behavior, which is particularly difficult to stylize and model, given the
complex dynamic interactions that emerge whenever individual agents engage in
contact with one another with the goal of promoting their specific self-interests.

The business transactions that decentralized interaction processes allow for, the
institutions that the interplay among agents creates and consolidates, and the
policies that public authorities implement to influence aggregate outcomes, are, in
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fact, pieces of a complex world that constitute the object of study of macroeco-
nomics. As such, it makes sense to associate macroeconomics to the realm of
complexity sciences, and one would expect the research in this field of knowledge
to rely upon such approaches as agent-based modeling or large-scale simulation
studies (techniques that might be, as well, suitable instruments to address the
uncertainty issues that were first mentioned).

However, since its inception, macroeconomics has shown resistance regarding
the adoption of a multi-agent simulation perspective and, instead, has opted to
propose simple toy models built upon basic equilibrium concepts. Partially, this
methodological choice has been successful. Many scientific results accomplished in
the field are, nowadays, perceived as important tools for policy guidance. Both fiscal
policy and monetary policy are, in current days, well supported in scientific
knowledge, and scientific breakthroughs have helped many countries in the adoption
of successful policies regarding price stability, output and employment stabilization,
and poverty alleviation (in this last case, mainly through welfare-state measures).

Notwithstanding, there is a large consensus among macroeconomists that much
is yet to be done. Crises as the great recession of 2007–2008 or the most recent
negative economic impact of the COVID-19 is difficult to fit into the suit that
economists have sewed. Macro-models are elegant representations of how a rigid
set of assumptions about the behavior of people and institutions deliver unequivocal
results on the performance of the economy. Most of the time, the problem resides
on the assumptions, that might be adequate to describe the actions of economic
agents in normal circumstances to allow for relevant policy guidance, but fre-
quently fail to represent the behavior of people in periods marked by some sort of
disruption or distress. The prototype model, under which a representative rational
agent maximizes consumption utility, apparently collapses when the premises in
which it holds are no longer adequate to describe the world that we live in.

Gradually, the path followed by macroeconomics is shifting. Macroeconomists
have realized that to conceive and consolidate a structure of analysis that is
simultaneously helpful for a deep understanding of reality and to allow for relevant
policy guidance. Some new elements must be brought into the design of the the-
ories. Among these new features, one might highlight heterogeneity (of behavior,
endowments, skills, expectations), decentralized interaction, and the use of simple
heuristics to replace sophisticated optimal planning.

As the following sections will discuss, some of the above-mentioned features are
being introduced in macroeconomic theory in a variety of different modalities.
However, a fully integrated approach of heterogeneity-interaction-heuristics in
macroeconomics is still missing in the academic literature. The main purpose of this
manuscript is to stress the need to develop such a framework, where the parsimony
of a single agent taking a limited number of decisions at some initial date for an
unspecified time horizon is replaced by a wide array of distinct behaviors, a large
number of diverse interaction rules, and a profusion of decision heuristics.

All of this might be combined into complex simulation models that, although
somehow voluminous, are capable of representing, characterizing, and predicting
observable phenomena with much more accuracy and detail than the standard

11 Macroeconomics: From Equilibrium Settings to Multi-agent Worlds 231



macro-models. In a way, the fundamental shift consists in putting people into
economic models, with their limited knowledge, with their idiosyncrasies, and with
their will to benefit from participating in markets and institutions.

The remainder of the chapter is organized as follows. Section 2 reflects on the
object of macroeconomics. Section 3 engages in a brief tour through the history of
mainstream macroeconomic thought. In Sect. 4, it is emphasized how macro-theory
is being reshaped with the help of some important contributions that put in the
center of the analysis the idea of multi-agent virtual worlds, where heterogeneous
agents endowed with limited knowledge and skills locally interact. Section 5 pre-
sents a brief suggestion on how heterogeneity, heuristics, and interactions can be
added to macro-frameworks, in the case of a macro-framework dealing with
consumption-savings choices. Finally, Sect. 6 concludes.

2 What is Macroeconomics About?

Everyday life decisions require knowledge about how the economy as a whole is
structured and how it works. Macroeconomics is the science that studies the overall
performance of the economy, by looking at the intertemporal behavior of aggregate
variables and how they relate to and influence one another. Such aggregate vari-
ables include real values, such as output (GDP—gross domestic product), income
(GNI—gross national income), consumption, investment, employment, government
expenditures, or taxes; and also nominal variables, including the interest rate, the
price level, or the inflation rate.

Understanding macroeconomics requires aggregation, i.e., not only variables,
but also agents and markets must be subject to some form of clustering. Concerning
economic agents, these are typically aggregated in four different classes: house-
holds, firms, financial institutions, and the government. The first three of these
classes of agents put together a large array of individuals and entities with distinct
endowments, preferences, and objective functions. Government, in turn, is a unique
agent that has the capacity and the possibility to take centralized actions with
impact over the entire macroeconomic system. The actions taken by governments in
an economic context are known as economic policy and they take essentially two
forms: fiscal policy (management of tax collection and government expenditures)
and monetary policy (manipulation of interest rates with the goal of determining
money supply).

In what respects markets, it is typically stipulated that the understanding of the
macroeconomy requires conceiving a market for all the goods and services that are
transacted (the real market), which is analyzed alongside the money market (supply
and demand for money, taking as counterpart other, less liquid, financial assets) and
also the markets for production inputs, most predominantly the labor market. The
real and money markets constitute the demand side of the macroeconomy and
typically receive the greatest attention by economists (who tend to attribute to
aggregate demand a particularly important role in the formation of business cycles),
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while the labor market and the markets for physical capital and technology are the
ones that explain the behavior of aggregate supply.

Macroeconomics is essentially about two subjects: the long-term process of
wealth accumulation and economic growth; and the short-run aggregate fluctuations
that constitute business cycles. Economists typically agree on which are the main
determinants of economic growth and on how these might generate a significant
and sustained in time increase in per capita income (they include the accumulation
of physical inputs—capital and labor—innovation and, at the basis, the consoli-
dation of credible and reliable institutions). They disagree, however, to a large
extent, about the causes and propagation mechanisms underlying short-term fluc-
tuations. At this latest level, there is a long-lasting debate between the Keynesian
view, grounded on the teachings of [1], and the neoclassical theory, inspired in the
work of [3–5], among others.

The main beacon of neoclassical macroeconomists is the faith in the
self-regenerating capacity of markets to restore their own equilibrium. If markets
are permanently in equilibrium, aggregate fluctuations cannot be associated with
any kind of market failure or lack of coordination. In other words, the causes of
business cycles must be real in nature and associated with the supply-side of the
economy: Technological shocks, disturbances in input markets, or preference
changes regarding labor-leisure choices of households, are the candidate triggers of
observed fluctuations. On the other hand, Keynesian scholars interpret market
imperfections, lack of coordination, information failures, and the sluggish adjust-
ment of prices and wages as the fundamental features underlying business cycles
which can, in this case, be characterized as a systematic and continuous departure of
markets from their alleged equilibrium position.

In synthesis, despite the disagreement in the interpretation of some phenomena,
the object of macroeconomics is well defined: It studies the evolution of aggregate
real and nominal variables over time, providing important information for the
everyday life of households and firms. Having knowledge on how GDP, employ-
ment, investment, inflation, or interest rates evolve is fundamental to make
well-informed decisions that allow agents to thrive and prosper. Information on
macroeconomic variables and their relationships is also essential for governments to
take decisions and implement policies that contribute to increasing prosperity and to
a balanced and equitable distribution of the generated wealth.

Looking at the world we live in today, we encounter multiple macroeconomic
problems that require attention and action: There are huge per capita income dif-
ferences between developed and developing countries; income inequality within
countries is very high and it is still increasing almost everywhere; the world
economy continues to be prone to severe recessions, as the 2007–2008 great
recession; the economy reveals its fragility in moments of global turmoil or distress,
as the coronavirus pandemic under way; there are still many countries suffering
recurrent problems of high unemployment or high inflation, or both.

Macroresearch, as developed in the last decades, was able to build a consistent
theory that with relative success addresses some of the issues mentioned in the
previous paragraph. However, this theory presents limitations: It cannot explain all
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observable phenomena and it is often surprised by how reality evolves. Further-
more, it has not provided the policy guidance that many states would desire to solve
or soften the most pressing problems concerning poverty, unemployment, or
increased cost of living. In the following section, a brief tour of the success and
failures of mainstream macro-theory is undertaken, paving the way for the dis-
cussion that follows on alternative approaches to characterize and explain the
macroeconomy.

3 Mainstream Macro-Theory

Despite the well-known Keynesian—neoclassical controversy in macroeconomics,
there is a relatively wide consensus regarding the techniques of analysis to employ
to approach macro-events and macro-relations. This consensus is built upon the use
of representative agent models and intertemporal optimization problems. Because
agents form expectations and make decisions rationally, they adopt a similar
behavior, and therefore the macroeconomy might be scrutinized through the anal-
ysis of the behavior of a median or representative agent. Heterogeneity plays no role
in orthodox macroeconomic thinking, although heterogeneity is, in fact, the element
that, in reality, underlies the richness associated with collective actions.

In the paragraphs that follow, we undertake a brief tour over the most
emblematic macroeconomic theories produced over the last few decades.1 In them,
there is a pervasive feature, which is precisely the notions of representative
household and representative firm (or a single representative agent), accompanied
by a planning behavior that frequently consists of maximizing or minimizing an
objective function over a long or even infinite horizon. We go through growth
theory, households’ consumer choice, dynamic stochastic general equilibrium
models, new Keynesian theory, and models of matching unemployment.

In growth theory, the benchmark model that explains intertemporal consumption
choices is the optimal control problem designed by Ramsey [7] and further elab-
orated by [8, 9]. In this model, a forward-looking representative agent plans, at a
given initial date, the future trajectory of consumption that serves the goal of
maximizing consumption utility over an infinite horizon. Basically, the decision to
make is how much to consume on every date, which is the same as saying that the
decision is about how much to save and spend along the assumed lifecycle.

In growth models, the decision of the representative agent is subject to a series of
constraints, mainly related to the accumulation of material inputs (physical capital
and human capital), but also with innovation and the generation of new ideas,
processes that are fundamental to enhance the total factor productivity with which
material inputs contribute to production. These prototypical models allow for rel-
evant insights into the growth process. Overall, they indicate that long-term

1 See [6] for a detailed and comprehensive study of the most prominent theories developed under
the auspices of modern macroeconomics.
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sustained growth requires more than capital accumulation, which is subject to
decreasing marginal returns. Innovation and education are fundamental drivers of
growth in the long term and, therefore, they must play a central role in any theory of
economic growth.

Benchmark growth theory also offers a good platform to discuss convergence
and divergence of income across nations. While a simplistic view based on the
diminishing marginal returns approach may point to convergence (diminishing
returns affect more intensely those economies in an advanced capital accumulation
stage), the empirical experience reveals a strong variety of outcomes: Some
countries are effectively converging, while other economies diverge, what points to
a possible polarizing process regarding the pace of growth in our world. This
diversity of growth processes is well accommodated by the simple paradigm of the
representative agent who maximizes utility subject to wide economy constraints, as
long as one accounts for a series of heterogeneous exogenous factors (i.e., different
rates of population growth, different savings rates, different rates of technological
progress, and different rates of capital depreciation).

Unlike growth models, macro-theories focused on the short-run, which are
essentially related to the explanation of causes and consequences of cyclical fluc-
tuations, tend to consider uncertainty and, thus, a stochastic component. This
stochastic component is essentially associated with the formation of expectations.
Since [10], the main assumption underlying the formation of expectations by
economic agents is the rational expectations hypothesis. If agents formulate
expectations in the same rational way, the immediate corollary is that agents are
identical and, also in this context, the economy might be analyzed under the per-
spective of the representative agent.

Again, the fundamental piece of the theoretical reasoning is the intertemporal
consumption utility framework. Given the budget constraint of the household, she
will maximize the expected utility. The result is basically such that the agent desires
to smooth consumption over the life cycle, an outcome first highlighted by [11, 12]
in their life cycle and permanent income theories.

Putting together the consumption optimization framework with a capital accu-
mulation constraint and adding to this setup labor-leisure choices, which allows to
endogenize labor supply, it is possible to transform the typical optimal growth
model into a dynamic stochastic general equilibrium (DSGE) model. The popular
DSGE models are the basic framework through which neoclassical economists
approach business cycles. Following the work of [5], which has initiated the Real
Business Cycle (RBC) theory, one may add to such framework the possibility of
exogenous shocks over technology. This allows us explaining how eventual
stochastic innovation processes trigger fluctuations, i.e., periods of expansion fol-
lowed by periods of recession. The popularity of RBC models came from the fact
that a relatively simple model, based on the foundations of rational decision and
rational behavior, could replicate with some degree of accuracy the stylized facts on
short-term business cycles.
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The neoclassical theory of business cycles, i.e., the RBC model, is subject to
criticism, namely because the mechanism of propagation of fluctuations in this
setting is essentially labor supply. If one recognizes that the wage elasticity of labor
supply is low, this signifies that the underlying causes of business cycles must be
other than supply-side shocks and their effect on labor-leisure choices. Keynesian
authors have adopted a different view, namely a perspective in which the main
underlying causes of business cycles are essentially attached to the rigidity of prices
and wages and how this rigidity provokes inertia whenever a policy shock or a
preference shock takes place.

The staggered prices model of [13] and the menu costs framework proposed by
Mankiw [14] are two good examples of how the Keynesian view of imperfect
markets and semi-rational behavior could be adapted in order to integrate the
standard framework of analysis, which is still the representative agent DSGE
framework.

One of the issues that mainstream macro-theory had difficulty in dealing with is
unemployment. After all, if markets are permanently in equilibrium or even if they
are just sluggish to adapt given the rigidity of prices and wages, unemployment
would not be a fundamental problem, but only a transitory inconvenience. In any
circumstance, the labor market, as any other market, would exhibit a tendency to
adjust to the equilibrium position, an equilibrium that is Pareto efficient and,
therefore, where unemployment cannot persist. However, reality shows that
unemployment tends to be persistently high even in developed economies where
institutions work well, information circulates freely, and agents are also free to react
to incentives.

The most celebrated model of unemployment in economics is the search and
matching model proposed by [15, 16]. The search and matching model takes not
one representative agent but two agents, households and firms, that solve distinct
optimization problems. The optimal control problem of firms consists in maxi-
mizing profits given their estimated revenues and the costs associated with paying
wages and hiring new employees; in turn, households maximize their income,
which comes from wages when employed and from some type of public assistance
when unemployed. The solution of each of the above problems gives place to two
different wages: The wage employees optimally expect to receive, and the wage
employers optimally want to pay. There is no reason for these to coincide, and
therefore, only through negotiation the two agents might reach a mutually beneficial
outcome, which culminates with the worker occupying the vacancy offered by the
employer.

The search and matching model introduces a minimal degree of heterogeneity.
Unlike other macro-models, there is no merging of households and firms into a
single agent with a common goal and common constraints. Nevertheless, the
analysis continues to be based on an extreme degree of aggregation, where the
interaction between agents with distinct preferences, endowments, and expectations
dominates.
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The frameworks that mainstream macro-theory was able to construct are relevant
to understand important phenomena regarding the link between the behavior of
agents and short-term and long-term performance of the economy and of the main
economic aggregates. It has been successful in many respects, namely concerning
the way it can inform political decision-makers. Through fiscal policy and monetary
policy, governments and central banks have been able to tackle, with more or less
success, the problems of recessions, unemployment, income inequality, price sta-
bility, and interest rate stability. We would not have growing economies with good
living standards all around the world without following the powerful teachings that
come from decades of a thorough analysis and modeling of the macroeconomic
system.

Nevertheless, much is still to be done in what concerns the understanding of the
functioning of the economy and the implementation of successful public policies.
Additional steps must be taken in order to arrive in a more comprehensive theory
capable of taking into account the idiosyncrasies of individual agents and the way
the interaction among heterogeneous agents produces unique emergent phenomena.
Until now, macroeconomics has put itself in a position where it can be contested on
the grounds of the fallacy of composition: In the economy, as with regard to any
other social or natural object, the whole is in no way the sum of the parts. The
whole is the outcome of the complex interaction among simple but distinct indi-
vidual pieces.

4 The Way Forward: Non-Optimal Decision-Making,
Heterogeneity, and Interaction

The representative agent model frontally clashes with the observable evidence.
Benartzi and Thaler [17] highlight that associated with the explicit representative
agent assumption, there is a pair of two additional implicit assumptions that are in
clear contrast or conflict with reality: First, in such a setting, agents cannot face any
cognitive constraints and, second, agents must have the required willpower to fully
and successfully execute the optimal plans they formulate.

As such, macro-theories based on the assumption of optimality and rational
behavior suggest a planning ability, a cognitive capacity, and an unshakable will
that represent a homo-economicus which can only be found in books written by
economists. As [18] put it, it would be necessary for a supercomputer and a Ph.D.
degree in economics for common households to be able to formulate and solve the
kind of plans economists consider in their macroeconomic frameworks.

Frequently, household decisions are based on heuristics or rules-of-thumb,
which do not conduct to the optimal outcome, but is feasible to formulate under the
cognitive constraints faced by human beings. In the real world, populated by
homo-sapiens and not by homo-economicus, individual agents face a multiplicity of
constraints and obstacles when collecting and processing the relevant information
required for decision-making. Such obstacles justify the reason why computation of
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optimal solutions is, frequently, from the start, replaced by the adoption of simple
idiosyncratic choice rules.

Explaining human behavior, in the context of science, through heuristics, might
be controversial, and certainly a less elegant solution than the one provided by the
rationality approach. Finding heuristics that are pervasive in use and that unam-
biguously capture human behavior is a messy task, as highlighted by Haldane and
Turrell [19], who indicate that for such a trivial subject as the formulation of a
simple household consumption rule, the relevant literature has proposed an endless
list of possible candidates. Nevertheless, this is the work of science: going through
messy processes to arrive at frameworks of analysis that constitute important
breakthroughs, and in what concerns decision heuristics this has been
accomplished.

In [20–22], heuristics are classified as fast and frugal rules that make the best
possible use of the available information given the constraints of time and
knowledge that individuals face while conducting their deliberation processes. On
many occasions, making well-thought, deep and careful decisions is not just pos-
sible. These authors go even further by claiming that on many occasions less
processing might imply better inferences. This is the less-is-more principle, which
has been used to justify that heuristics are not necessarily second-best approxi-
mations to optimal planning. Rules-of-thumb may outperform sophisticated fore-
casting tools-based onstrict rationality principles.

The use of simple decision rules in macrosettings, as highlighted in [23–29], is a
possible path to replace the orthodoxy of optimal behavior and optimal forecasting.
They are an important piece of the novel macroeconomic paradigm, but not the
single one. While the optimal behavior assumption automatically implies that all
agents behave identically, decision heuristics may diverge across individuals,
opening the door to another fundamental feature underlying the new paradigm of
analysis: heterogeneity.

The main problem with standard macroeconomics is that it falls in the so-called
fallacy of composition, in which the whole is interpreted as being the mere sum of
the parts. This overlooks the richness that arises once we consider the heterogeneity
of preferences, endowments, capabilities, and expectations that lead, through
interaction, to the prevalence of emergent phenomena. Even within the current
orthodoxy, though, many macro-models are evolving in the direction of including
elements of heterogeneity and interaction, as we remark in what follows.

In two relevant studies, [30, 31] have proposed macro-models with two different
classes of agents: the optimal planners or Ricardian consumers, and those who live
hand-to-mouth (the non-Ricardian consumers, who ignore intertemporal trade-offs).
These models are suitable to address monetary and fiscal policy implications in
economies where agents do not share the exact same behavior. In [32] such type of
analysis is extended, assuming instead of a two-agent framework, a setting where a
multiplicity of different household consumption and savings behavior is allowed
for. The Kaplan model received the designation of HANK (heterogeneous agents
New Keynesian) model, to contrast with the TANK (two-agent New Keynesian)
model and the RANK (representative agent New Keynesian) model.
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Also, in [33] a standard optimal growth model is adapted in order to contemplate
agent heterogeneity, decentralized interaction, and non-optimal behavior. This
model constitutes a guide on how a conventional equilibrium growth model can be
transformed into a multi-agent setting, with decentralized interaction among
boundedly rational heterogeneous agents.

Under this more reasonable interpretation of human behavior, where agents are
allowed to follow diverse strategies regarding decision-making and where such
strategies do not have to coincide with optimal rational planning, and instantaneous
relevant corollary emerges: psychological profiles matter for macroeconomics. This
is true, for instance, in what concerns the fundamental choice between consuming
now or later, i.e., the fundamental choice between consumption and savings.

The theory of rational behavior indicates that agents will want to smooth con-
sumption, and therefore to save when their income is high to spend above income
when their income is low. However, evidence shows that there is sentiment
heterogeneity regarding savings (see [34]): There is a multiplicity of psychological
factors influencing savings behavior (personality traits, self-control, regulatory
focus, degree of optimism) that make some people be savers while others are, in a
larger or smaller extent, spenders. At the end of the day, not all psychological
profiles generate consumption smoothing; some households continue to save even
when future consumption is more than guaranteed, while other households adopt a
hand-to-mouth behavior with no concern about the future. We will get back to
consumption-savings heterogeneity later in Sect. 5.

Synthesizing the discussion so far, one might say that there is an important
evolution under way in economic thinking: The standard optimal planning frame-
work has been refined or even replaced with behavioral features, where the actions
of agents are modeled in a way that is more compatible with actual and observable
decision-making processes. As remarked, for instance, by [35, 36], the world is too
complex to be fully understood even by agents with an influential role in the
economy, like governments or large corporations. In such a context, agents adopt
different strategies and courses of action and promote interaction to attain their
goals; in such a context, as well, the use of heuristics in the decision-making
process is not a symptom of lack of rationality, rather a way to cope with the
complexity of the world.

Typical economic models, where economic agents make use of a supernatural
capacity to collect and process information to solve intertemporal optimization
problems, are, therefore, receding in their scientific status, given the recognition that
they are not truly reflexive of the complexity of the world and of the dynamics that
emerge once interaction among different people is considered. In [37], it is pointed
out that the economy and its agents are, indeed, complex systems. They are
composed of a series of elements that interact in non-trivial ways to generate unique
and unrepeatable outcomes.

In complex systems, spontaneous orders emerge and evolve without the inter-
vention of any global controller or central planner. This results in an aggregate
outcome that is path-dependent (events are historically determined) and that con-
trasts with the economic orthodoxy built upon the concepts of equilibrium,
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efficiency, optimization, and rationality. Under the complexity view, matters most
the actual behavior of people than the conceptual framework associated with ideal
optimal behavior. The “as is” gains predominance over the “as if” as a scientific
premise.

Adopting a complexity perspective implies understanding that there is a per-
manent interaction between the micro- and the macro-levels. Micro-decisions and
micro-actions shape the macro-dynamics, but these also influence the posterior
behavior of the individual entities, and so forth. A successful macro-model, capable
of giving a robust and intuitive explanation of reality, must account for the men-
tioned elements of complexity.

[38, 39] discusses the notion of the artificial world in the context of the study of
the macroeconomy. The author’s interpretation of artificial world consists of a
complex system based on an emergent hierarchical organization. Agents interact
within a system composed of different hierarchical levels, and the hierarchical
levels are formed and eventually disappear through the different types of relations
established among agents. Every artificial world conceived under this perspective
will share three elements: a set of entities at the micro-level, an environment where
to interact, and a dynamic interaction process. The attributes of the microentities
and the shape of the macroenvironment are constantly being reshaped under the
designed interaction process.

Artificial worlds, generated in the way characterized above or in other similar
ways, allow for the identification of emergent properties and macro-patterns. The
dynamics of an artificial world are, in fact, an evolutionary process where mecha-
nisms of replication, selection, and variation lead to an infinity of possible outcomes.

The new path for macroeconomic analysis is also strongly associated with the
agent-based literature. According to [24], an agent-based approach is a bottom-up
approach in which heterogeneous agents adopt simple rules to interact in a complex
world. Furthermore, the resulting aggregate phenomena are emergent phenomena
that arise from the apparently uncoordinated actions of a large number of indi-
viduals, who are not guided by any pre-determined equilibrium (differently from
what happens in standard macro-theory).

The agent-based approach is a part of a wider trend in science in general, and in
economics in particular, regarding the replacement of the mechanic equilibrium
perspective, by another perspective that is more procedural, algorithmic, and
simulation-based [40]. This is the complexity view, which sees socio-economic
systems as complex systems that might be modeled through the simulation of
artificial worlds. The ideas and notions of agent heterogeneity, bounded rationality,
network connectivity, emergence, and out-of-equilibrium dynamics are the key
concepts of this new paradigm, as characterized in [41–46].

The main obstacle associated with the implementation of a complexity view in
macroeconomics concerns the many degrees of freedom that such an approach
allows for. There is still, in the current state of affairs, too much arbitrariness in the
definition of assumptions, in the selection of heuristics, in the formalization of
sequences and timing of events, and in the design of rules of interaction. Con-
ceiving a well-structured complex system capable of capturing the subtleties of the
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interaction of agents in a large-scale economy is a difficult task, which requires a
sensible balance between simplicity and comprehensiveness. This is not easy to
accomplish, but it is the endeavor that science must persist in trying to accomplish.

5 Heuristics and Heterogeneity: An Example

To briefly illustrate the path macroeconomics might follow once the notions of
heterogeneity, local interaction, and rule-of-thumb behavior are fully assimilated, I
recover the consumption decision rule proposed in [47]. This rule replaces the
typical optimal household behavior with a static rule, in which agents might adopt
different attitudes toward consumption and savings. Taking the terminology
employed in [47], individual households might be ants (savers) or grasshoppers
(spenders) in different degrees.

Agents are indexed by x 2 R. If x\0, then the agent is an ant, i.e., an agent with
a given propensity to save, which increases with the absolute value of the index; if
x[ 0, then the agent might be classified as a grasshopper, i.e., an agent that spends
in consumption all of its income or an amount larger than current income. The
design of the consumption rule requires the definition of the desired consumption
threshold, such that

Ct ¼ exYt ð1Þ

In Eq. (1), Ct is the agent’s desired consumption which equals the agent’s
income level, Yt, multiplied by a term that reflects the household’s psychological
profile. Whenever x\0, the consumption level desired by the agent remains below
the received income (this is the definition of an ant, in the current context). In the
case x[ 0, desired consumption exceeds income, what is the characterization of the
behavior of a grasshopper.

To simplify the presentation, assume that the agent’s income corresponds solely
to the returns from wealth accumulation (i.e., labor returns are ignored). Consid-
ering that wealth, At � 0, is remunerated at a rate of return r, the income level at
period t is Yt ¼ rAt.

Given the above definitions, the proposed consumption rule is

Ct ¼
At þ Yt if Yt �Ct andAt þ Yt �Ct

Ct if Yt �Ct andAt þ Yt [Ct

Ct þ f Yt � Ct

� �
if Yt [Ct

8
<

:
ð2Þ

Wealth accumulation obeys the following simple dynamic process,

Atþ 1 � At ¼ Yt � Ct , Atþ 1 ¼ 1þ rð ÞAt � Ct; A0 given ð3Þ
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where r� 0 is the real interest rate. Wealth increases with asset returns and
decreases with consumption.

Equation (2) has the following interpretation: When households are grasshop-
pers at an extreme point in which they would want to consume more than the
accumulated wealth plus current income, they will in fact consume the aggregate
wealth level plus income they possess in that specific time period. If the household
is a grasshopper but her desired consumption remains below the accumulated
wealth and income levels, then consumption will coincide with desired consump-
tion. Whenever the agent desires to consume less than current income, the agent
will save a share 1� f 2 0; 1ð Þ of the difference between income and desired
consumption.

Consumption heuristic (2) might be rewritten under the following form,

Ct ¼
1þ r
r Yt if x� ln 1þ r

r

� �

exYt if 0� x\ ln 1þ r
r

� �

ex þ f 1� exð Þ½ �Yt if x\0

8
<

:
ð4Þ

Equation (4) makes it explicit the existence of two relevant thresholds: An agent
for whom x� ln 1þ r

r

� �
will consume all her available wealth; an agent for whom

0� x\ ln 1þ r
r

� �
consumes a multiple of her income; a household such that x\0

consumes a share ex þ f 1� exð Þ of the corresponding income. The savings rate of
this last type of agent is 1� fð Þ 1� exð Þ. Note that the heterogeneity in this rule is
present in the level of parameter x which indicates the extent in which an agent is an
ant or, alternatively, a grasshopper.

Given the established relations, it is straightforward to compute the growth rate
of consumption in any of the three considered circumstances. Computation allows
deriving the following outcome,

Ctþ 1 � Ct

Ct
¼

0 if x� ln 1þ r
r

� �

r 1� exð Þ if 0� x\ ln 1þ r
r

� �

r 1� fð Þ 1� exð Þ if x\0

8
<

:
ð5Þ

In the scenarios given by the first two segments of the consumption rule, con-
sumption falls to zero. In the first case, this occurs instantly, as the household
consumes all the available wealth at t = 0 and, thus, no more wealth is available to
generate new income. In the second case, accumulation of wealth continues after
the first period, as long as x\ln 1þ r

r

� �
, but the growth rate of consumption will be

negative and, therefore, in this case, consumption also falls to zero. The only
scenario in which consumption continues to grow in the long-term is the third one,
i.e., the scenario in which agents save part of the income they access to in each
period. This positive and constant growth rate means that the third scenario is the
only one feasible if the agent intends to perpetuate consumption over time.

The long-run scenario contrasts with the short-run outcome. Observe that, at
t ¼ 0, the following inequality holds,
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1þ r

r
Y0

����
x� ln 1þ r

rð Þ
[ exY0j0� x\ ln 1þ r

rð Þ[ ex þ f 1� exð Þ½ �Y0jx\0 ð6Þ

Therefore, the best solution in the long run, the one that allows consumption to
continue to grow indefinitely, is the one that penalizes most the agent in the current
initial period. Figure 1 depicts this outcome, for three different values of x, each one
representing one of the three possible cases.

The above reasoning, synthesized in the graphic of Fig. 1, allows for two
important considerations in the context of the macroeconomics change of paradigm:
First, agents do not necessarily formulate sophisticated plans; for instance,
regarding consumption, as is the case, agents may simply establish a benchmark of
how much to spend given their prospective income. Second, by adopting a simple
rule, one also opens the door to eventual heterogeneity of behavior; the specific
assumed rule allows for agents to choose if they are spenders or savers to a certain
extent. Not all agents are identical and some will give preference to the short-run
relatively to the long-run or the opposite. Ants and grasshoppers certainly coexist in
the economy given different degrees of impatience and care about future outcomes.

A third element, which can be added to the analysis, is the possibility of
changing behavior through local interaction. Grasshoppers in contact with ants may
perceive the advantages of saving for the future, in order to perpetuate consumption
growth; or the opposite: Ants in contact with grasshoppers may be convinced of the
short-run advantages of decreasing the absolute value of their x or even of putting it
in the positive side. If this type of local interaction is systematic, leading to constant
changes of adopted behavior, nonlinear aggregate outcomes will be found, as
agents are constantly changing their strategies in order to balance the short-run/
long-run trade-off.

Fig. 1 Consumption paths
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6 Conclusion

Modeling the macroeconomy is not, in any circumstance, an easy task. There are
too many variables that are intertwined in many ways. Moreover, each aggregate
variable represents a large set of features that lose their individuality when placed
under a single aggregate. Macroeconomics has made important progress along the
last few decades in presenting relevant explanations for phenomena concerning the
consumption-savings decisions of households, the investment decisions of firms,
the policy choices made by governments and central banks, and the evolution of
relevant macro-indicators as the unemployment rate or the inflation rate.

Nevertheless, and despite the elegance and robustness of the proposed models,
researchers, policymakers, and the general public tend to feel that macroeconomics
should go further and deeper in its explanatory capacity. The main failure seems to
be related to the simplifying assumption regarding the notion of the representative
agent. No meaningful explanation of macro-events is possible without under-
standing the dynamics of collective action and the way aggregate outcomes emerge,
not from the simple averaging of individual behaviors but instead from complex
decentralized interaction processes.

Therefore, macroeconomics needs a paradigm shift. Without neglecting all the
scientific progress that has been accomplished, it is now clear in the mind of the
economists that the science can only progress, in the benefit of a sounder under-
standing of actual phenomena, if the equilibrium-based analysis is replaced by a
procedural, algorithmic and organic interpretation of reality. This new interpretation
of reality necessarily relies on what complexity science has to offer, and in three
pillars that are essential to construct a macro-complex theory. These are hetero-
geneity, decentralized interaction, and decision-making under simple rules.
Developing macroeconomic models based on these three vectors will be a funda-
mental step to gain better knowledge on the collective processes that generate the
observable aggregate phenomena.

After reviewing the accomplishments of macroeconomic theory, and empha-
sizing the paths for a new paradigm, the manuscript has proposed a simple piece to
fit the puzzle of the new approach. When making the important decision of con-
suming now or saving to consume later, there are two elements of primordial
relevance: First, the fact that such decision is typically made under a certain view of
the world that make people more or less propensity to save; and, second, the fact
that such heterogeneous agents are unsophisticated decision-makers that simply
choose to consume relatively more or less to the received income; no intricate
optimization problem is effectively solved by those who have to equate how much
to spend each week, month, or year, given their current and expected income levels.

As with regard to consumption decisions, in any area of macroeconomics it is
necessary to transform the current frameworks of analysis into worlds populated by
a multitude of agents with different characteristics, endowments, behaviors, and
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expectations. The analysis of the interplay between individual agents in more or less
structured networks of relations will certainly result in a much richer understanding
of the relevant phenomena and a better capacity for public agents to act upon
reality.

Core Messages

• Macroeconomics has made important progress over the last decades;
• Conventional macro-models are based on the notions of equilibrium,

rational behavior, and optimal planning;
• The science of macroeconomics needs a paradigm shift;
• The equilibrium-based analysis must be replaced by a complexity

approach;
• Three pillars are essential to construct a macro-complex theory: hetero-

geneity, decentralized interaction, and decision-making based on simple
heuristics;

• Consumption-savings decisions are better understood under the
heterogeneity-interaction-heuristics framework.
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