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Abstract: This paper presents a new simplified version of the Multisectoral Micro-Macro (MMM)
model presented in Possas and Dweck (2004) and Dweck (2006). We use the minimum structural
specification of the model, including a simplified version of the government and the external sector, as
we focus on the core productive structure of the model. Those simplifications allowed us to implement
an automatic generalized calibration and initialization mechanism. Under some hypotheses, we can
calibrate and initialize any configuration based only on a small set of parameters, facilitating a
sensitivity analysis. Those methodological procedures are necessary to reach two goals: to test
under which parameter specifications the main general results hold and to turn the model more
general, user friendly, and modular. We show that our simplified version is able to replicate the same
general results as the consolidated version, with more statistical significance, using a MonteCarlo
exercise with 100 runs. In preliminary tests, we address the relationship between technological
change,effective demand, and endogenous growth. Finally, a Global Sensitivity Analysis shows that
autonomous consumption is the most important element for GDP growth, confirming Kalecki (1941)
hypothesis of a necessary demand compensation mechanism for technical change to impact economic
growth.

Resumo: Este artigo apresenta uma nova versão simplificada do modelo Micro-Macro Multis-
setorial (MMM) apresentado em Possas and Dweck (2004) e Dweck (2006). Utilizamos a mı́nima
especificação estrutural do modelo, incluindo versões simplificadas do governo e do setor externo, para
focar na estrutura produtiva central do modelo. Essas simplificações nos permitiram implementar
uma calibração generalizada automática e um mecanismo de inicialização. Sob algumas hipóteses,
conseguimos calibrar e inicializar qualquer configuração com base apenas em um pequeno conjunto
de parâmetros, facilitando uma análise de sensibilidade. Esses procedimentos metodológicos são
necessários para alcançar dois objetivos: testar sob quais especificações de parâmetros os principais
resultados gerais se mantêm e tornar o modelo mais geral, fácil de usar e modular. Mostramos que
nossa versão simplificada é capaz de replicar os mesmos resultados gerais que a versão consolidada,
com mais significância estat́ıstica, usando um exerćıcio MonteCarlo com 100 simulações. Com alguns
testes preliminares, abordamos a relação entre mudança tecnológica, demanda efetiva e crescimento
endógeno. Finalmente, uma Análise de Sensibilidade Global mostra que o consumo autônomo é o
elemento mais importante para o crescimento do PIB, confirmando a hipótese de Kalecki (1941)
de um necessário mecanismo de compensação de demanda para a mudança tecnológica impactar o
crescimento econômico.
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1 Introduction

The MMM model is a multisectoral micro-macro dynamic simulation model, which combines the-
oretical foundations from Keynesian, Kaleckian and Schumpeterian approaches, and it is useful to
investigate the general dynamic properties of capitalist economies. The benchmark version was de-
veloped by Possas and Dweck (2004) and Dweck (2006). To confirm the main general properties of
the model, in this paper, we present a new simplified and stylized version, which is simplified in two
aspects:

First, we tried to use the minimum structural specification of the model, only one of each type of
productive sector. We also use a minimum and stylized income class structure, only two classes, one
receiving profits and the other receiving wages. The consolidated version allowed several different
specifications using model switches which were removed in the simplified version to have a standard
case. Finally, the two exogenous blocks, the government and the external sector, were radically
simplified but not removed, as we consider that they play a fundamental role in the variables under
study but we are focusing on the core structure of the model. It is worth noticing that simplifications
done here do not mean negation or criticism of what was done before. Instead, sophistications can
be reincorporated in future extended versions, where some aspect or sector is the focus of analysis,
as we have done for example in Dweck, Vianna, and Barbosa (2019), to the government.

Second, we tried to simplify the code as much as possible. The code was already fully translated
to English and standardized in Dweck, Vianna, and Barbosa (2019), but it was still complicated
for a newcomer to quickly understand and use the model. We then removed a significant number of
parameters and variables, most of them were not in use or could be incorporated into other variables.
We also organized the code in different files to make the model more modular. Last but not least, we
added descriptions line-by-line, except for trivial variables, so there is not a single line of code that a
newcomer could not understand. This is useful for other future projects, future research questions,
so anyone could use the MMM model as a robust theoretical and methodological tool without any
difficulties.

The two aspects in which this version is simplified dialogue directly with the two goals we have
for this paper: (i) to test under which circumstances and parameter specifications the main general
results of the consolidated version of the model hold and (ii) to turn the model more general, user
friendly and modular, so future developments could be easily implemented. We hope to reach the first
goal by running a robust global sensitivity analysis on the model’s essential parameters. The identi-
fication of the essential parameters came after the implementation of a methodological improvement,
a general automatic calibration and initialization process, only possible after the simplifications we
made. The second goal is much more practical and was achieved during the continuous review and
simplification process.

This paper is structured as follows: first, we present the basic structure of the MMM model,
including its origin, theoretical base, main features, and basic description. The next section discusses
the calibration methodology implemented and used in this version. Then, another section presents
the main results of a baseline simulation. This baseline is calibrated and specified as close as possible
to the baseline simulation of the consolidated version. The final section presents the global sensitivity
analysis to find out under which parameter configurations the results presented in the previous section
are valid.

2 The Model

The MMM model is a multisectoral micro-macro dynamic simulation model, that combines theo-
retical foundations from Keynesian, Kaleckian and Schumpeterian approaches, useful to investigate
general dynamic properties of capitalist economies. It presents some distinctive features:
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Multisectoral: most of the general dynamic properties derives from the intersectoral relation-
ships. The original analytical model proposed by Possas (1983) and Possas (1984) already used
input-output matrices to determine intersectoral demands. Additionally, a matrix of income ap-
propriation determines income distribution among different classes from functional distribution. As
stated by Dweck (2006, p.97), the general specification of the model comprises M income classes;
N productive sectors (at least three), each composed by η firms. Sectors differ by how they fit in
the productive chain, which can be capital goods production, intermediate goods production, or
consumption goods production. Sectoral demands are determined endogenously by firms and income
classes decisions.

Dynamic: the model generates dynamic trajectories in discrete time (time steps). The model is
a disequilibrium model, since causality is based on decisions to produce and to spend, no equilibrium
position is ever required (Possas and Dweck 2004, p.7). The basic time unit is the production
period of the firm, which can be understood as one quarter in chronological time. In each time step,
firms make production decisions. Other decisions can happen at different frequencies, for instance,
investment decisions and markup adjustment decisions. Those different frequencies are considered
in the model in terms of production periods, so an investment period can be 6 production periods1.

Micro-Macro: decisions happen at the firm level, at the micro level. The consequences of those
decisions, however, affect both the sectoral level and the macro level. Additionally, sectoral and
macro structures can affect firms’ decisions through feedback mechanisms.

Theoretical: the main goal of the model is to investigate the general dynamic properties of
capitalist economies, so results are general, theoretical, representing only essential elements of a
non-specific capitalist economy. Historical, national, and institutional particularities are, most of the
time, omitted from the model (Dweck 2006, p.88).

Agent-Based: the MMM model is an AB model, as it shares a lot of elements with this frame-
work. Firms are the main agents of the model. Firms’ decisions can be divided into four groups: (i)
production; (ii) mark-up and price; (iii) investment and (iv) technological search.

Stock-Flow Consistent: the MMM model is a SFC model, as it possesses a complete and
coherent accounting system. Firms and income classes have balance sheets and the model keeps
track of the financial-real transactions undertaken by agents and the flows of real-financial stocks
they create. Table 1 presents the transaction flows of our model.

Table 1: MMM Model - Flow of Funds

Income Consumption Capital Goods Intermediate Financial External Government Total
Classes (m) Goods Firms (c) Firms (k) Goods Firms (in) Sector (fs) Sector (g)

Consumption (c) −c +c 0
Intermediate Goods (inp) −inpc −inpk −inpin + inp 0
Exports (exp) +expc +expk +expin −exp 0
Imports (imp) −impm −impc −impk −impin +imp 0
Gov. Expenses (Wg) +Wg −Wg 0
Investment (i) −ic −ik + i −iin 0
Wages (W) +W −Wc −Wk −Win 0
Total Taxes (T) −DT −ITc −ITk −ITin +T 0
Debt Interest (ird) −irddm,t−1 −irddc,t−1 −irddk,t−1 −irddin,t−1 +irddt−1 0
Financial Assets Interest (ira) +iraam,t−1 +iraac,t−1 +iraak,t−1 +iraain,t−1 −iraat−1 0
Divedends (δpr) +δpr −δprc −δprk −δprin 0
Total nwm (1− δ)prc (1− δ)prk (1− δ)prin nwfs imp− exp 0

∆ Financial Assets +∆am +∆ac +∆ak +∆ain −∆a 0
∆ Debt −∆dm −∆dc −∆dk −∆din +∆d 0
International Reserve (int) ∆int ∆int
Fixed Capital (k) +∆kc +∆kk +∆kin +∆k
Sum 0 0 0 0 0 ∆int 0 0

1The current simplified version of the model was generalized so those frequencies can be changed by the user and
tested for sensitivity.
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2.1 Description of the Basic Structure

The simplified version of the MMM model describes a general theoretical economy composed by
three2 productive sectors, one consumption goods sector populated with nc firms, one intermediate
goods sector populated with ni firms and one capital goods sector populated with nk firms. There
are two income classes3 a simple financial sector, a simple government and a simple external sector.

All firms make decisions to produce, to set prices, to invest and to perform technological search.
To produce, all firms need capital and intermediate goods and they produce based on expected
demand, restricted to current productive capacity and current availability of inputs. All firms also
employ labor on production, based on each capital’s productivity and current level of production.
Labor productivity is embodied in each capital vintage that comprises the total productive capacity
of each firm, and the most productive ones are used first. Production generates functional income,
wages and profits, and a share of profits is distributed while the other part is retained by the firm.
The aggregate level of production generates endogenous sectoral demand for intermediate goods,
based on input technical coefficients.

Firms set prices based on their degree of monopoly under imperfect competition, as proposed by
Kalecki (1954), as a weighted average between their desired price and the market average price. Firms’
desired price is determined by applying a long-term desired markup over variable unit cost. Their
price, in addition to their delivery delay and product differentiation, affects their competitiveness
and subsequently, their market-share.

Firms also perform technological search. The resources available depend on a fixed proportion
of revenue and are divided into innovation and imitation R&D. By doing innovation R&D, firms
are subjected to exogenous stochastic sectoral technological opportunities and they search for new
levels of labor productivity (process innovation) and new levels of product quality and differentiation
(product innovation). Imitation, on its turn, also searches for higher levels of productivity and quality
but looking at other firms in the sector. To implement new product quality only labor is required4, but
to implement new labor productivity new capital goods are required, affecting investment decisions.

Finally, firms have investment decisions, subdivided into three main components: (i) physical
depreciation, (ii) productive capacity expansion and (iii) technological obsolescence and modern-
ization replacement. Firms demand capital goods in order to have enough productive capacity to
meet long-term expected demand, already considering physical depreciation. The third component
is determined by a simple payback rule for each capital goods, depending on the R&D success of
the current period. Investment decisions can be financially constrained and firms can use retained
profits, debt and available financial assets to finance investment. If total funds are not enough,
firms prioritize expansion investments in relation to replacement investment. The aggregate level of
investment decisions generates endogenous sectoral demand for the capital goods sector.

The functional income generated by all firms’ production is appropriated by each income class
by a matrix of income appropriation coefficients5. Income classes demand consumption goods based
on a fixed marginal propensity to consume over past average income and can demand imports based
on another fixed propensity to import. However, a share of consumption does not depend on income
but evolves based on the average quality of the consumption good sector. Income classes are also
subjected to balance sheets positions since they can demand loans to finance consumption decisions

2Dweck (2006) establishes that the model must have at least 3 productive sectors, one of each type. We use the
simplest possible specification.

3This is very stylized and facilitates most methodological procedures we implement here, but a more general and
realistic version of the model allows M income classes.

4This is a simplification done in this version. In the consolidated version, product innovation also generated
autonomous demand for capital goods.

5In the simplified version, a 2x2 identity matrix, so one class receives only profits and the other only wages. In
general, this matrix is a 2xM matrix, composed by two M-sized vectors of profit shares and wage shares, where all
elements of each vector should sum up 1.
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or can accumulate financial assets from unspent current income. Aggregated consumption decisions
of all income classes generate endogenous sectoral demand for the consumption goods sector.

A simplified financial sector receives and pays interest based on firms and income classes debt
and financial assets. The simplified government can levy taxes on firms’ revenue and/or households’
income and spends with government wages following a simple primary surplus target rule. The
simplified external sector demands goods from all three productive sectors based on a fixed export
coefficient, external income and external price variations and can supply unmet demand with extra
imports.

The following timeline of events describes the above in a chronological order.

Timeline of Events

1. Planned Production: firms decide their level of planned production based on expected sales.

2. Markup Decision: if it is markup adjustment period, firms adjust their desired markup based
on desired and effective market shares.

3. Price Decision: firms set their prices based on desired markup and average market price.

4. Sectoral Demand: the level of demand, effective orders, of each sector is determined, including
exports.

5. Firm’s Demand: sectoral demand is distributed to each firm based on its market share, by the
replicator dynamics.

6. Effective Production: firms produced based on planned production and restricted to the current
level of productive capacity and the current availability of inputs.

7. Sales: the level of sales of each firm is the minimum between current effective orders and
effective production plus inventories.

8. Technological Search: a share of firm’s revenue is allocated to technological search in each
period and firms perform R&D.

9. Income Determination: after sales, wages and profits are distributed for income classes.

10. Investment Decisions: if it is investment period for the firm, investment decisions occur.

(a) Depreciated capital goods are eliminated.

(b) New capital goods ordered in past investment period are implemented.

(c) Based on long-term expected demand and current productive capacity, firms decide their
expansion investment, subjected to total funds restriction.

(d) If there are funds left, firms decide their replacement investment based on payback calcu-
lation.

(e) New capital goods are ordered and will arrive in the next investment period.

11. Entry and Exit: at the end of each time step firms can exit the market due to low market share
or high debt rate and new firms can enter.

We have just presented the main features and a general description of the simplified model, but
the original model’s equations can be seen in Possas and Dweck (2004) and Dweck (2006). The next
section will describe the Calibration procedure.
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3 Calibration

Any computational simulation model, given the model specification and equations, presents only two
causes of variability in their outputs: (i) changes in the inputs (initial values and parameters), and
(ii) stochastic variability. As our model has only a few stochastic components, changes in initial
values and parameters are the main cause of result variety. Therefore, the model, like any other
simulation model, must be very well calibrated. Additionally, a robust sensitivity analysis in the
parametric space must be done to achieve a valid standard case. Those are the two methodological
reasons why we have presented this simplified version. Simplifications in the model specification and
the number of variables and parameters facilitate both methodological procedures.

As highlighted by Fagiolo et al. (2019), sometimes it is hard to distinguish calibration and vali-
dation. A model is an attempt to approximate the real world data generating process, it is a virtual
data generating process in which, after the model specification and equations are defined by the
theory behind, inputted data is transformed, stochastically, non-ergodically, and non-linearly in out-
putted data. Model inputs are generally initial conditions and parameters, although specifications
and functional forms could also be understood as inputs. Model outputs are the time series generated
by the simulation process. Calibration is the process of defining input values and there are several
strategies for that. Validation is the process of confirming if the model is a good approximation of
the unknown real world data generating process. Both procedures can be the two sides of the same
coin since a calibration strategy is not good if the model is not validated while the model validation
strongly depends on the calibration.

There is an extensive debate between qualitative calibration method, where the model must
be calibrated to generate qualitative or general results, and quantitative calibration where inputs
should be set based on real empirical data. This quantitative method is possible only if a huge
dataset of empirical data is available and it is used, in most cases, for forecasting. In small-scale
models or stylized models, the use of real data is exceedingly difficult, especially for some parameters
which adjust economic decisions and behaviours in the model, parameters that are impossible to
get empirical data. Lastly, if the goal of the model is to explain economic causality and economic
properties in general, without historical or institutional particularities, this quantitative approach can
in fact bias the model and might not be desired. That is why, in the previous version of the model,
initial conditions and parameters were defined by a qualitative method called indirect calibration
(Dweck 2006, p.136).

The indirect calibration strategy scrambles calibration and validation in one process, as the model
is empirically validated if a set of stylized facts are replicated and the model is not yet calibrated
until it is validated, by repeating rounds of educated guesses. This methodology is computer and
time costly and might contain some degree of arbitrariness, which is sometimes a critique of this
type of models. Calibration strategies are a possible vast field to be explored in the AB literature,
since, as pointed out by Caiani et al. (2016), many articles do not explain or specify the calibra-
tion procedure. That is why, with some insights from the SFC literature, these authors propose a
calibration method, also used by Martins (2018), reinforcing a possible advantage of the AB-SFC
combination. The new strategy, to be implemented here with some modifications, relies on initial
symmetry and homogeneity, a steady-state configuration and stock-flow norms to determine initial
values. By constraining and aggregating the model, the modeler is in power of only a small set
of parameters while many others and initial values are determined by steady-state and stock-flow
consistency requirements. This is the key to reduce arbitrariness and to allow the robust sensitivity
analysis on a reduced essential parametric space.

For previous versions of our model, calibration was done in a separate spreadsheet file (Dweck
2006, footnote 256). In the current simplified version presented here, we incorporated this initial cal-
culation to the code itself, in the same file. This way, users can change any parameter in the reduced
essential subset and the code itself recalculates the initial conditions and endogenous parameters
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before the simulation run starts. But some hypotheses had to be made. Let us indeed present here
the initial calibration procedure and hypothesis in detail.

3.1 Calibration Hypothesis

Since we would like our model to replicate general dynamic properties and regularities, we do not
want it to begin in a specific condition. So, we must set our initial configuration as much general
as possible. So, the first hypothesis we made is the homogeneity assumption, that all firms start
the same. Firm differentiation, competition and selection will be generated endogenously during
simulation runs. Therefore:

Hypothesis 1 All firms start the same, in terms of prices, costs, markup, productivity, quality, and
market share.

Because of Hypothesis 1, we can simplify the calibration to a sectoral level. To make it clearer,
we can define an initial quality, for example, for each sector and this value will be the same for each
firm in the sector. Additionally, sectoral averages, minimums and maximums will also be that same
value. This reduces the number of parameters to the number of sectors in the current specification,
instead of having one parameter for each firm. The endogenous calculations are also simplified, as
we are computing a more aggregate level of the model. If all firms start with the same market-share,
the initial effective, average and desired market-shares of each firm are equal to the inverse number
of firms in each sector, for instance.

The most important effect of the initial configuration is the impact of past variables in present
variables, especially by expectations. For instance, firms define their production based on expected
demand which is in turn calculated based on past effective demand and past growth. So, the lagged
values of demand we input will affect firms’ decisions to produce. As we would like the trends and
trajectories to be generated by the simulation process and not by the initial values, we stipulate the
following:

Hypothesis 2 No past growth.

By Hypothesis 2, the initial configuration is a non-growth steady state, but it will not last not
even one time step as the mechanisms which generate dynamics in the model will start to trigger from
the first time step and so on. It also implies that expected demand is equal to current demand for all
lagged periods, so there are no past errors in expectations, meaning that demand equals production
that equals sales. There are no initial changes in inventories, no initial delivery delay and no initial
investment to expand productive capacity.

Now we must calculate initial demand for each sector based only on the initial set of parameters
and those hypotheses. To simplify even further, we set sectoral parameters the same for each sector6.
Again, to illustrate, we will define a value for initial nominal wages and it will be used in all sectors
and all firms equally. The only difference between them is how their initial demand is calculated.

For the consumption goods sector, initial demand depends on income classes’ propensity to con-
sume and their net income, which in turn is determined by aggregate wages and distributed profits.
Aggregate wages and distributed profits depend on the demand (in fact, production and sales) of all
sectors. For the intermediate goods sector, initial demand depends on the input technical coefficient
and the demand (in fact, effective production) of each sector, including the intermediate sector pro-
duction. For the capital goods sector, initial demand depends only on the expected depreciation of

6This is not a calibration hypothesis, since the methodology can calibrate the model for different sectoral parameters,
but it is a simplification for the following methodological procedures, especially the sensitivity analysis. This could
also be changed to generate more realistic results among different productive sectors.
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capital goods of each sector, since there is no expansion investment initially nor replacement invest-
ment. We set intercalated birth dates for each initial capital good so a fixed number of those initial
goods will depreciate in each time step. However, the effective number of goods depends on the initial
productive capacity, given the capital-output-ratio. But the initial productive capacity of each sector
depends on the initial demand (in fact, production) and the desired degree of capacity utilization of
each sector. As one can see, each sector’s initial demand depends on every sector’s initial demand.
We then need to determine an exogenous initial demand to solve this equation system. We will resort
to the following:

Hypothesis 3 There is an initial minimum autonomous consumption level of one real unit for each
consumption good firm, so initial level of autonomous consumption is equal to the initial number of
firms in the consumption goods sector 7.

At last, we assume that both exogenous blocks start balanced, so government wages are equal
to total taxes and total exports are equal to total imports. So, government wages, which are appro-
priated by income classes, are equal to total taxes, which in turn depends on each sector demand
(in fact, sales and revenue) and the income of each income class, that depends on the demand of
every sector (in fact, production and sales). Total exports are equal to total imports, defined only by
each income class propensity to import, and their net income since all demand is met initially. Total
exports are divided among productive sectors proportionally to the number of firms in the sector
and is computed as part of the initial demand.

Hypothesis 4 Both the Government and the External Sector start balanced.

By solving this equation system, we can define each sector initial demand based on our already
stated hypothesis and the pre-defined parameters, what we will call calibration essential parameters,
as shown in table 2. Once the initial demand of each sector is calculated, other dependent initial
values and parameters are defined and written. Firms are created based on the initial number of
firms parameter and capital goods are created based on the capital-output ratio and the productive
capacity of each firm.

4 Baseline Results

The model is fully written in LSD code (Version 7.2). LSD (Laboratory for Simulation Development)
is a language and a platform to write simulation models. It is simple to use, a stand-alone program
that even non-expert computer users can use to run and test the results from simulation models.
LSD is copyrighted by Marco Valente and Marcelo C. Pereira (version 7.x additions) but it is freely
distributed according to the GNU General Public License. Our simplified version presented here is
included in the software as one of the example models 8.

The goal of a simplified version is to replicate the same qualitative results of the consolidated
version. We try to replicate as close as possible the initial conditions and parameter of the consoli-
dated version but exact same results, in a quantitative aspect, are impossible to be obtained due to
the structural differences presented.

The original model was developed to analyse dynamic trajectories of capitalist economies, includ-
ing cycles and growth trends, and their main determinants. Dweck (2006) describes a list of stylized

7This determines the scale of the model, the level of GDP, but not trends. One can change this hypothesis so each
firm receives a minimum demand of 2 or more goods, for instance.

8One can download the software in https://github.com/marcov64/Lsd
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Table 2: Calibration Essential Parameters

Notation Description

η0 Initial number of firms in each sector
α Input technical coefficient of each sector
β Capital-output ratio of each sector
φ0 Initial labor productivity of each sector
w0 Initial wage of each sector
mk0 Initial markup of each sector
δ Profits distribution rate of each sector
ψ Desired degree of capacity utilization of each sector
σ Desired inventories proportion of each sector
rnd R&D revenue proportion of each sector
τ Indirect tax rate of each sector
ωm Wage share of each income class m
πm Profit share of each income class m
ζm Propensity to consume of each income class m
νm Propensity to import of each income class m
τm Direct tax rate of each income class m

facts that the model is supposed to replicate. In our simplified version, we should be able to replicate
as much growth and cycle stylized facts as possible9.

SF1 Continous growth trend of GDP.

SF2 Continous growth trend of labour productivity.

SF3 Continous growth trend of the capital/labour ratio.

SF4 Profit rate is constant in the long-run.

SF5 No long-term trend in the observed capital/output ratio.

SF6 Wage-share and Profit-share are constant in the long-run.

SF7 Consumption is pro-cyclical, lagged and less volatile than GDP.

SF8 Investment is pro-cyclical, leading and more volatile than GDP.

SF9 Capacity utilization is pro-cyclical, coincident and more volatile than GDP.

SF10 Employment, in terms of hours of labor, is pro-cyclical.

SF11 Unemployment is counter-cyclical.

SF12 Wages are pro-cyclical, lagged and less volatile than GDP.

SF13 Profits are pro-cyclical, leading and more volatile than GDP.

SF14 Wage-share is counter-cyclical.

SF15 Profit-share is pro-cyclical.

All results presented here are MonteCarlo averages of 100 independent simulation runs, discarding
the first 100 time steps of 500, leaving us with 400 time periods, or 100 years in chronological time. We
also present the MonteCarlo confidence interval, showing that the MonteCarlo average is statistically

9The model is also able to replicate some micro stylized facts, concerning sectoral competition, firms’ distribution,
and other micro aspects as described by Dweck (2006), but the micro level will not be subject of our analysis here due
to space and time limitations.

9



Figure 1: GDP, Consumption and Investment (Series in Log)

significant. The baseline results of the consolidated version can be verified in Dweck (2006) and Possas
and Dweck (2011). The model is able to generate endogenous growth and cycles. Consumption is
the most relevant, although the most stable component of GDP while Investment is the most volatile
and the main responsible for business cycles, as shown in Figure 1.

The model also generates volatile but stable inflation, as shown in Figure 2a due to two mecha-
nisms. First, nominal wages in every sector are adjusted by respective labor productivity and con-
sumer price index, so even in the intermediate sector which is, by hypothesis, flexprice, the average
price tends to increase. This increases variable costs twice for other sectors, reflecting a distributive
conflict inflationary process. Second, especially in the consumption goods and capital goods sector,
there is a long-term trend to concentration and increasing mark-ups, so firms increase mark-ups and
price whenever they gain relative competitiveness.

Unemployment, represented by Figure 2b, is very volatile due to the way labor market is repre-
sented in the model. Firms can hire and fire workers freely and there are no labor force constraints.
Unemployment is calculated as the difference between current employment and potential employ-
ment, total productive capacity divided average labor productivity of all machine vintages of a firm.
Therefore, unemployment reflects the effective degree of capacity utilization.

Table 3 shows the correlation between aggregate variables. All results are at least statistically
significant at 10% but most of them are significant at 1% confidence. The higher the value, the
higher is the correlation between variable’s lag and current GDP.

This table confirms that Consumption and Investment are pro-cyclical. Stock and Watson (1998)
establish that there is no consistent behaviour of Government Expenses because it strongly depends
on fiscal rules and institutional particularities between countries. But the way we established the
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Figure 2: Inflation and Unemployment

(a) Annual Consumer Inflation (b) Unemployment

Table 3: Baseline Results - Correlation with GDP

Variable -4 -3 -2 -1 0 1 2 3 4

GDP (output) 0.5647 0.7167 0.8587 0.9610 1.0000 0.9610 0.8587 0.7167 0.5647
Consumption 0.9124 0.9782 0.9775 0.9100 0.7906 0.6411 0.4950 0.3749 0.2924
Investment -0.3096 -0.1792 0.0200 0.2503 0.4634 0.6115 0.6705 0.6402 0.5432
Price -0.5279 -0.3514 -0.1544 0.0306 0.1746 0.2583 0.2816 0.2581 0.2111
Profits 0.4068 0.5508 0.7116 0.8567 0.9525 0.9695 0.9090 0.7866 0.6319
Wages 0.6532 0.7993 0.9172 0.9811 0.9762 0.8990 0.7728 0.6249 0.4834
Profit Share -0.2976 -0.2576 -0.1387 0.0388 0.2342 0.3965 0.4896 0.4988 0.4353
Wage Share 0.2976 0.2576 0.1387 -0.0388 -0.2342 -0.3965 -0.4896 -0.4988 -0.4353
Markup -0.0929 -0.0051 0.1328 0.3026 0.4721 0.6005 0.6641 0.6544 0.5840
Profit Rate 0.1267 0.2334 0.3638 0.5007 0.6198 0.6938 0.7141 0.6822 0.6125
Productivity 0.6932 0.5323 0.3213 0.1023 -0.0820 -0.2002 -0.2424 -0.2207 -0.1619
Capacity Utilization 0.3570 0.4617 0.5578 0.6317 0.6728 0.6726 0.6402 0.5871 0.5270
Inventories -0.0101 -0.0933 -0.1806 -0.2505 -0.2862 -0.2785 -0.2377 -0.1791 -0.1217
Capital Stock 0.1981 0.1812 0.1463 0.0864 0.0027 -0.0941 -0.1899 -0.2708 -0.3276
Unemployment -0.1906 -0.3443 -0.4951 -0.6194 -0.6981 -0.7177 -0.6873 -0.6224 -0.5442
Employment 0.2635 0.4608 0.6609 0.8240 0.9173 0.9204 0.8446 0.7151 0.5666
Capital-Labor -0.0737 -0.2172 -0.3743 -0.5223 -0.6384 -0.7014 -0.7099 -0.6720 -0.6053
Inflation -0.2117 -0.0869 0.0001 0.0318 0.0083 -0.0540 -0.1307 -0.1959 -0.2298
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Table 4: Baseline Results - Key Statistics

Variable Avg. Rate (s.e.) ADF test (logs) (p-val.) s.d. (bpf) relative s.d. (GDP)

GDP 0.0051 0.0032 -3.7436 0.1512 0.0134 1.0000
Consumption 0.0016 0.0008 -5.4945 0.0433 0.0123 0.9189
Investment 0.0319 0.0140 -3.0906 0.1777 0.1734 12.9474
Productivity Growth 0.0027 0.0004 -3.4140 0.1765 0.0062 0.4655
Profit Share 0.3975 0.0004 -3.4036 0.0888 0.0000 0.0000
Wage Share 0.6025 0.0004 -3.4036 0.0888 0.0000 0.0000
Inflation Rate 0.0193 0.0004 -2.4656 0.4372 0.0016 0.1190
Profit Rate 0.1468 0.0019 -4.5916 0.0304 0.0037 0.2726
Capacity Utilization Rate 0.7704 0.0081 -5.6549 0.0117 0.0160 1.1977
Unemployment Rate 0.2682 0.0102 -4.8739 0.0202 0.0199 1.4835
Consumption (Share of GDP) 0.8061 0.0021 -2.7447 0.2766 0.0065 0.4846
Investment (Share of GDP) 0.0435 0.0022 -3.1160 0.1622 0.0067 0.5033
Inventories (Share of GDP) 0.0584 0.0018 -3.9827 0.0481 0.0059 0.4435
Capital Stock (Share of GDP) 2.3660 0.0288 -5.0504 0.0231 0.0442 3.3014

fiscal rule in the model, Government Expenses exhibits a pro-cyclical and lagged behaviour, as it is
totally induced by a primary surplus target rule. External variables are also slightly different because
of the strong assumption we made about the external sector. Further developments and specifications
must be done on the two exogenous blocks to account for these stylized facts. Total capital stock
is almost acyclical with the strongest correlation at 3 periods (3 quarters). Employment is strongly
correlated to GDP with pro-cyclical behaviour. Total wages and total profits are pro-cyclical, with
profits being a little bit leading while wages are a little bit lagged. Profit-share is pro-cyclical and
slightly leading while wage-share is counter-cyclical. We were able to verify a continuous increase in
labor productivity (SF2). We also find that there is a continuous growth trend in the capital-labour
ratio (SF3), that the average profit rate is constant in the long-run, although volatile, (SF4) and
that observed capital-output ratio is stable in the long-run (SF5). Functional income distribution
is constant in the long-run (textbfSF6). Table 4 presents key statistics of most aggregate variables,
including average rate (rate of growth for non-rate/ratio variables), the standard deviation of the
filtered series and ADF test results for non-stationarity.

4.1 Preliminary Tests

In this subsection, we replicate some preliminary tests performed by Dweck (2006) to confirm even
more that our simplified version achieves the same results of the consolidated version, before going
to a robust sensitivity analysis. Some notes are required: first, the preliminary tests performed by
Dweck (2006) were, most of the time, presented in only one simulation run or sometimes 10 at the
most, since the model presented only one stochastic component and most of the result variability
occurs due to changes in initial parameters. However, to confirm that, we increase the number
of simulation runs to 100 and perform a MonteCarlo Experiment in all variables, therefore using
the MonteCarlo average across runs. We also check the statistical significance of this average by
presenting a 95% confidence interval around this average and excluding the first 100 time periods
to eliminate the initial configuration impact over the statistics, as we did in the baseline results.
By doing all this process, we intend to show that preliminary tests presented by Dweck (2006) are
statistically significant and their results hold for N number of simulation runs.

The model is based on the Effective Demand Principle and there are four major determinants of
long-term growth trend: (i) autonomous consumption, (ii) autonomous investment, (iii) government
expenses and (iv) net exports. Government expenses are simply determined by a surplus target rule,
which turns government expenses into an induced demand component. We did a similar process to net
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exports. Imports were already induced but exports depend on sectoral export coefficient, exchange
rate, relative prices and external income. While we let the exchange rate fixed, we assume that the
country in analysis is big enough to influence both external prices and external income. So, sectoral
external prices grow as sectoral domestic prices grow and external income grows around past domestic
income growth, subjected to some randomness 10. That way, net exports become induced as well,
letting only autonomous consumption and autonomous investment as the main growth components
to explore in our preliminary tests. Both components are related to technological process: while
process innovation induces modernization investment, product innovation and differentiation generate
changes in autonomous consumption. So, we will focus only on the tests performed on those elements.

Our baseline case will be the one presented above, with both process and product innovation,
both autonomous investment and consumption. Innovative success depends on sectoral parameters
of technological opportunities, and we assume the value of 0.002 for this parameter in all sectors.
The series of tests are the following:

T1 We turn off the product innovation to investigate the isolated impact of the process innova-
tion. However, differently from what was done before, we only turn off the impact of product
innovation over autonomous consumption, leaving the competitiveness impact of the quality
increase.

T2 With no autonomous consumption, we increase the technological opportunity parameter to
0.007 for all sectors.

T3 With no autonomous consumption and increased technological opportunities, we alleviate fi-
nancial constraints 11.

T4 We replicate the baseline case, with autonomous consumption, but we increase technological
opportunity parameter to 0.007 for all sectors, affecting both process and product innovation.

Dweck (2006) finds that process innovation alone cannot generate a strong positive long-run
growth trend because of the relative weight autonomous investment compared to other components
of aggregate demand. Even with increased technological opportunities and softer financial restrictions
that could, in principle, constraint investment, GDP growth rates do not change significantly. There
are also additional effects like increased sectoral concentration, technological unemployment and
increased cycle volatility. The reintroduction of product innovation is capable of generating a positive
long-run growth trend, which is very related to product technological opportunities. These results
only hold if the increasing product quality impacts autonomous consumption, generating demand.

Figure 3 confirm that our findings match same the results of the consolidated version. T1 sig-
nificantly presents a decrease in the average growth of real GDP. As one can see in 3a, technological
change in process and product innovation is not able to sustain a positive real growth in the long run
if it does not impact the demand side, in line with Kalecki (1941) hypothesis on the demand compen-
sation mechanism. All cases with no autonomous consumption present a long-run average growth
rate of real GDP around zero, regardless of the levels of technological opportunities, productivity
growth and financial constraints. Even in T4, allowing a 80% desired debt rate (be aware that firms
with a debt rate of 1 can be eliminated from the market because of financial failure), the technolog-
ical opportunity of 0.007 is strong enough to induce autonomous modernization investment to make
all sectors, in average, assume debts until their maximum level, but even this strong modernization
investment is not capable enough to generate positive long-run growth.

10This adds another stochastic component to the model and increases the relevance of the MonteCarlo methodology
presented above. Additionally, Preliminary tests made by Dweck (2006)(p.166) with fixed external income growth
indicate that results are very sensitive to this rate. By increasing the randomness of this rate and performing the
MonteCarlo experiment we try to mitigate this initial sensitivity.

11Dweck (2006) performed this test by increasing available financial assets of the firms. We, instead, initialize all
firms with no financial assets for all cases. We alleviate financial constraints by increasing the desired debt rate,
allowing more debt.
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Figure 3: Preliminary Tests Comparison - Box Plots

(a) GDP Growth (b) GDP Volatility

(c) Inflation (d) Unemployment

We were also capable of capturing other side effects, including the major technological unemploy-
ment of T3 and T4, as seen in Figure 3d. The absence of a strong autonomous demand component,
as autonomous consumption, combined with technological progress both in process and product in-
novation, reflects a stronger concentration trend in the consumption goods sector, and, by demand
spill-over effects, on all sectors as well.

5 Sensitivity Analysis

After confirming Dweck (2006) tests and results, we must now understand what are the parameter
combinations in which we can find the same results. For that we will perform a global sensitivity
analysis very similar to Dosi, Pereira, and Virgillito (2018) and Dosi et al. (2017).

Sensitivity analysis aims at “studying how uncertainty in the output of a model (numerical
or otherwise) can be apportioned to different sources of uncertainty in the model input” (Saltelli
et al. 2008). In general, the analysis process consists of three steps: (i) sampling (or Design of
Experiments), (ii) meta-model estimating and (iii) variance decomposition. Formally, following Salle
and Yıldızoğlu (2014), let x1, x2, ...xk be the set of parameters or inputs of the model. Each parameter
can vary in an interval [xmin, xmax], therefore the full parametric space of the model is a set D, a
k-dimensional space of the variation interval of k parameters. An experimental point is a vector
x∗i = (x1,i, x2,i, ...xk,i) ∈ D. Our baseline initial configuration is an experimental point, such as the
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different configurations we test. Since it is almost impossible to test the entire parametric space
to infer how much uncertainty in the results is apportioned to each input, the usual first step of
any sensitivity analysis is a sampling process, or Design of Experiments. It consists of choosing n
experimental points and therefore a n x k matrix X to build a sample and estimate the impact of
each input in the true model. A Design of Experiments should select the minimum n number of
experimental points in other to efficiently estimate the impact of a factor in a general unexplored
experimental point and reduce the computational cost of this process. There are many sampling
methods and they are strongly correlated to the choice of the meta-model estimator.

Just to exemplify, one can combine OLS estimators with the MonteCarlo Exploration, for exam-
ple, a simple yet costly Design of experiments approach. This method simply let each parameter vary
randomly within its domain and runs enough simulations to generate significant data to perform the
OLS. One can easily see that if the parametric space D is large enough in any or both dimensions,
a huge amount of simulations is necessary and this might be time-costly for large models which can
take minutes or even hours to run a single simulation. Another possible sampling method is the
so-called Classical Design of Experiments, in which only the interval limits of each input is tested.
As Salle and Yıldızoğlu (2014) state, this approach is not suitable if the response is irregular over
the domain and should be used only if the response is expected to be smooth on the entire domain.
However, this method is useful for ranking the relative influence of inputs, so it could be useful as a
screening method.

In fact, as already stated, one methodological reason for the simplified version of the model
presented here was to facilitate the sensitivity analysis by reducing the number of parameters and
variables. This was a first manual substep to reduce the k number of parameters. The simplified
version of the model has already a smaller parametric space compared to the consolidated version.
Additionally, the calibration procedure we have implemented made all initial values dependent on our
structural parameters, eliminating initial lagged values from model inputs and reducing even further
the parametric space. Our parametric space is now composed by the list of essential parameters as
shown in Table 2 and other structural parameters like the firms’ decision parameters. Table 5 shows
our parametric space and limits to be tested.

We are assuming, as we did in our baseline result, that all sectors are the same, apart from
essential differences. That means that when we change the value of one parameter, we will change
the value for all sectors at the same time. However, we recognize here that we must analyse different
parameter combinations and specifications among sectors in future works. We also recognize that
if we generalize the number of income classes to more than two, the possible combinations and
distributions also increase, making the sensitivity analysis a bit more complex, but this must also be
done in the future. Finally, after some tests, our general results hold if we leave aside our already
simplified exogenous blocks. We will not test sensitivity values for government and external sector
parameters.

5.1 Variance Decomposition - Kriging

To measure the impact of each parameter in the model output we will use a Sobol variance decomposi-
tion, using a Kriging meta-model estimator. The Sobol variance decomposition is a global sensitivity
analysis method consisting of the decomposition model output variance into fractions according to
the variances of parameters selected for analysis, better dealing with nonlinearities and non-additive
interactions than traditional local sensitivity methods. It allows us to disentangle and identify both
direct and interaction quantitative effects of the parameters on chosen outputs (Dosi et al. 2017).
However, due to the high computational power needed to implement such analysis in the original
model, it is much more suitable to use a meta-model estimator, such as Kriging, proposed by Salle
and Yıldızoğlu (2014). The Kriging method is a combination of a specific Design of Experiment using
a Near Orthogonal Latin Hypercube (NOLH) and an appropriated estimated meta-model related to
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Table 5: Parametric Space, Baseline Values and Limits

Notation Description Baseline Min Max

Calibration Essential Parameters

η0j Initial number of firms in sector j 20 5 50
αj Input technical coefficient of sector j 0.4 0.1 0.5
βj Capital-output ratio of sector j 1 0.5 1.5
φ0
j Initial labor productivity of sector j 1 0.5 1.5
w0
j Initial wage of sector j 1 0.5 1.5

mk0j Initial markup of sector j 1.5 1.2 1.8
δj Profits distribution rate of sector j 0.7 0.5 0.9
ψj Desired degree of capacity utilization of sector j 0.85 0.7 1
σj Desired inventories proportion of sector j 0.1 0 0.3
rndj R&D revenue proportion of sector j 0.01 0.001 0.1
κj Investment period of sector j 6 2 8

Firm Decision and Desired Parameters

γj Expectations parameter of sector j 0.3 0.1 0.9
θj Strategic price weight of sector j 0.5 0.1 0.9
(d/k)dj Desired debt rate of sector j 0.5 0.1 0.9
(a/k)dj Desired financial rate of sector j 0.05 0 0.5
innj Innovation proportion of sector j 0.5 0.1 0.9

Class Parameters

autom Autonomous consumption adjustment of class m 0.05 0.01 0.1
ζπ Propensity to consume on profits 0.75 0.5 0.9
ζω Propensity to consume on wages 0.77 0.5 0.99

the specific sampling method.
The Kriging estimator is a spatial interpolation estimator of maximum likelihood and, under

Gaussian assumptions provides the best linear unbiased estimator for the response of complex, non-
linear computer simulation models12. Since it is a spatial interpolation, it adjusts the weight of the
estimator giving more importance to the sampled points closer to the non-sampled experimental point
in analysis. Therefore, a spatially uniform sampling method is necessary, such as Latin Hypercubes,
and the classical approach for instance is not recommended. Latin Hypercubes are not normally
orthogonal and some pairs of points can be correlated, possibly creating multicollinearity issues in
the meta-model. NOLHs have already been proved as a highly efficient spatial sampling method,
reducing the possible multicollinearity problem and using a low number of experimental points for
a considerable number of inputs. Therefore, using a NOLH sampling method and a Kriging meta-
model estimating method, we can perform a Sobol variance decomposition and precisely infer the
response surface of our main output for the entire interval of our critical inputs, including interaction
effects.

In our case, since the Kriging estimation does not require extensive time and computational
power, we can perform a first approximation in our entire reduced parametric space. The first step
involves the selection of an adequate trend and correlation functions since they are required priors for

12See Salle and Yıldızoğlu (2014) for more precise formalized explanation.
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estimation of the Kriging meta-model. To choose the right model, an evaluation based on in-sample
and out-of-sample validation, as suggested by Salle and Yıldızoğlu (2014) is done. Q2 prediction
coefficient evaluates the internal validation while Root Mean Square Error (RMSE) measures the
external efficiency. With all variables rescaled to [0,1], we came across the meta-model described by
Table 6.

Table 6: Kriging Meta-Model Estimation

Parameter GDP Growth GDP Volatility

Intercept 0.0070 0.1710
Inclination -0.0060 NA
η0j 1.6770 0.4300
αj 0.6930 2.0000
βj 0.3580 1.9180
φ0
j 0.9060 2.0000
mk0j 0.8790 1.9780
w0
j 0.3430 2.0000

δj 1.5710 2.0000
ψj 1.3250 2.0000
σj 1.6100 1.9990
rndj 0.9150 2.0000
rndj 1.2420 1.9740
ζω 0.7660 2.0000
γj 1.7730 2.0000
θj 1.2440 2.0000
(d/k)dj 1.9120 1.9930
innj 1.2010 2
autom 1.0760 0.754

Trend specification 1st order poly. constant
Correlation function Gaussian Gaussian
Cross-sample Q2 0.7980 0.7400
External RMSE 0.0020 0.0280

As pointed out by Dosi, Pereira, and Virgillito (2018), the magnitudes of estimated coefficients
provide a rough indication of the importance of each parameter but a more refined analysis would
be the variance decomposition, where we can identify individual and interaction effects of each
parameter on the variance of the output variable. Using the estimated meta-model, the Sobol variance
decomposition can identify relevant parameters, such as the autonomous consumption adjustment
and the capital-output ratio. A Kriging estimation over only a small subset of parameters is able
to precisely trace the output sensitivity to the main parameters and we were able to define a model
response function. Our analysis shows that the most important parameter for both GDP growth
and volatility is the autonomous consumption adjustment rate, responsible for around 70% of output
variance, followed by the capital-output ratio. The third most important parameter for GDP growth
is the input technical coefficient while for volatility, firms’ desired debt rate is more relevant. Figure 4
describes the response surfaces of the rescaled meta-model for the full interval of the main parameters,
putting the two main parameters on a 3D surface for the minimum, baseline and maximum values
of the third most important parameter. All other parameters are at the baseline values.

The results are as expected. GDP growth and volatility tends to increase if the autonomous
consumption adjustment rate increases, at any given parameter combination. GDP growth rates are
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Figure 4: Kriging - Model Response Surfaces

(a) (b)

(c) (d)

(e) (f)
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positive for all the response surface, except for a small region with extremely low autonomous con-
sumption adjustment and high capital-output ratio, where GDP growth rates are closer to zero, but
not negative. The autonomous consumption adjustment rate defines the income classes autonomous
consumption sensitivity to quality growth, so for the same quality growth, a high autonomous con-
sumption adjustment rate induces a higher real demand for consumption goods, reinforcing the
hypothesis that technical progress (in that case, in product quality) only leads to a positive growth if
it generates induced demand (in this case, autonomous consumption). Additionally, for all parameter
combinations, GDP growth tends to increase if the capital-output ratio decreases, meaning that for a
given number of capital goods, total productive capacity is higher, relieving the productive capacity
constraint to current output. Consequently, GDP volatility increases when the productive capacity
constraint is stronger since firms not only might reach the productive capacity more often inducing
capacity adjustment investment but also the number of capital goods that have to be demanded to
reach the desired productive capacity is higher. Finally, the input technical coefficient is positively
correlated with GDP growth at any parameter combination, since, for a given level of output in
any sector, higher technical coefficient generates a higher demand for intermediate goods. All other
parameters do not present significant impact on GDP growth and volatility variance decomposition.

We must highlight that this exercise is far away from being exhaustive. We explored our paramet-
ric space for a very specific model configuration, with only three and symmetric productive sectors,
only two income classes and no government or external sector. By simply relaxing the symmetry
assumption, the number of possibilities to be tested increases drastically, since many different com-
binations arise. This is a work to be done in a future when we must generalize even further the
model to account for N possible sectors of each kind, M income class and structural heterogeneity
among sectors and classes. Additionally, we only performed sensitivity analysis for the most gen-
eral and aggregate model output, GDP, growth and volatility, but it could be done, using the same
configuration, for many other model outputs, such as inflation, unemployment, average productivity
and sectoral variables. We will let those specific exercises for specific research questions, such as the
one we will present in the next chapter. However, our sensitivity analysis shows that baseline results
not only replicate with statistically significant several stylized facts but also hold for any parameter
combination. We could also identify which the most important parameters to generate GDP growth
and volatility are.

6 Conclusion

We have presented here a new simplified version of the MMM model. By reducing a significant
number of variables and parameters and the model structure to the minimal possible structural
specification, we were able to implement some methodological advancements, such as the automatic
generalized calibration procedure and initialization. Under some initial assumptions, we were able
to calibrate and initialize any model configuration based only on a small set of essential parameters,
facilitating a second important methodological improvement, the Global Sensitivity Analysis.

We have shown that our simplified version is able to replicate the same list of stylized facts as
the consolidated version. A simplified version also reduces the processing time for each simulation
run, allowing us to perform a robust MonteCarlo exercise with 100 runs and confirming the general
results with statistical significance. We also replicate some preliminary tests made by Dweck (2006)
to show how technological change alone is not enough to generate positive endogenous growth and
fluctuations if it does not stimulate demand. Autonomous modernization investment and autonomous
consumption are the core growth drivers, especially the autonomous consumption, which depends on
product quality growth. Those tests show that exogenous sectoral technological opportunities also
play a major role in long-term trends, as it accelerates technological change both in labor productivity
and in product quality.

A Global Sensitivity Analysis confirms that autonomous consumption adjustment to quality
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growth is the most important parameter for both GDP growth and volatility. Capital-Output ratio
and input technical coefficient are the only other relevant parameters since they define the demand
structure between productive sectors. The initial number of firms is also important to define the
scale of our generalized simplified model, given some assumption we took in the calibration step.
The analysis is relevant to show that for almost any possible parameter combination, the model will
be able to generate endogenous growth and cycles, except for a small unlikely combination of pa-
rameters that might lead to near-zero average growth, especially when the parameters that generate
autonomous demand due to technological change are small, confirming Kalecki (1941) hypothesis.
Our exercise is far from being exhaustive and we recognize that we must explore different specifica-
tions and combinations. We also hoped to have paved the ground for future research questions to be
investigated using the MMM model as a robust framework, not that it is even more general, simple,
user-friendly.

References

Caiani, Alessandro et al. (2016). “Agent based-stock flow consistent macroeconomics: Towards a
benchmark model”. In: Journal of Economic Dynamics and Control 69, pp. 375–408.

Dosi, Giovanni, Marcelo C Pereira, and Maria Enrica Virgillito (2018). “On the robustness of the
fat-tailed distribution of firm growth rates: a global sensitivity analysis”. In: Journal of Economic
Interaction and Coordination 13.1, pp. 173–193.

Dosi, Giovanni et al. (2017). “The effects of labour market reforms upon unemployment and income
inequalities: an agent-based model”. In: Socio-Economic Review 16.4, pp. 687–720.

Dweck, Esther (2006). “Uma análise da interação micro-macro com base em um modelo dinâmico
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Instituto de Economia (IE), UNICAMP, Campinas.
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