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Abstract 

The paper examines the macroeconomic effects of fiscal policy under varying economic 

conditions. The analysis is conducted using a closed-economy agent-based model, where 

macroeconomic outcomes of fiscal intervention emerge from the bottom up as the result of 

interactions between heterogeneous agents in different markets, with feedback loops between 

demand, supply, and the financial sector. The model simulation results indicate that 

expansionary fiscal policies generate significant positive effects on aggregate output, with a 

public consumption multiplier of 1.6 on average, and an income tax multiplier of 

approximately 1.0. Notably, the effectiveness of a public direct consumption stimulus exhibits 

significant non-linearities, with multipliers reaching up to 3.5 during periods of economic slack 

and 2.5 during times of high financial fragility. In contrast, income tax rate multiplier appears 

largely acyclical. Overall, this analysis contributes to the growing and unsettled debate on the 

state-dependent effects of fiscal policy, providing model-based insights into this crucial topic. 
 

Keywords: Fiscal policy; State-dependent fiscal multipliers; Agent-based models; Non-linear 
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1 Introduction 

The present study develops a macroeconomic agent-based model (ABM) to assess the effects of 

expansionary fiscal policy. We aim at estimating fiscal multipliers for various fiscal instruments, 

and at exploring whether these multipliers vary under different economic conditions. By doing so, 

the analysis adds to the growing literature on the potential state-dependent effects of fiscal policy, 

offering theoretical, model-based insights on this critical topic. 

Since the influential work of Auerbach and Gorodnichenko (2012), increasing attention has 

been given to understanding whether the magnitude of fiscal multipliers depends on the specific 

economic context in which fiscal policies are implemented (cf. Ramey, 2019; Castelnuovo and Lim, 

2019). Fiscal policy effectiveness may indeed be state-dependent, as the strength of several 

transmission channels can vary according to prevailing economic conditions. Key factors 

influencing fiscal multipliers include the level of idle resources (DeLong et al., 2012; Michillat et 

al., 2014), financial frictions and borrowing constraints (Gali et al., 2007; Canzonieri et al., 2016), 

congestion in goods markets (Ghassibe and Zanetti, 2022), private sector confidence (Bachmann 

and Sims, 2012), and the responsiveness of monetary policy (Christiano et al., 2011). 

Recent empirical studies have examined fiscal policy non-linear effects by considering factors 

such as the level of slack in the economy (e.g., Auerbach and Gorodnichenko, 2012, 2013; Ramey 

and Zubairy, 2018; Amendola, 2023), the presence of the zero lower bound on nominal interest 

rates (Miyamoto et al., 2018; Amendola et al., 2020; Bonam et al., 2022), financial distress (Corsetti 

et al., 2012; Ferraresi et al., 2015), the public debt-to-GDP ratio (Perotti, 1999; Ilzetzki et al., 2013), 

and private sector indebtedness (Klein, 2017; Bernardini and Peersman, 2018; Bernardini et al., 

2020; Kim, 2023). 

However, empirical evidence on fiscal multipliers remains mixed, and consensus has yet to 

emerge. For instance, while many studies find that fiscal multipliers are larger during economic 

downturns (e.g., Auerbach and Gorodnichenko, 2012, 2013, 2017; Batini et al., 2012; Jordà and 

Taylor, 2016; Amendola, 2023), others do not support this conclusion (Alloza, 2017; Ramey and 

Zubairy, 2018; Banerjee and Zampolli, 2019; Gomes et al., 2020). This uncertainty extends to other 

forms of state dependency and even to linear analyses, leading to significant disagreement 

regarding the size of multipliers for different fiscal instruments (cf. Gechert and Rannenberg, 

2018). 

This paper contributes to the existing literature by conducting a theoretic-driven, model-

based exploration of the macroeconomic impacts of fiscal policies. Specifically, our analysis delves 

into the macroeconomic consequences of public expenditure and income tax rate stimuli, focusing 

on determining whether the efficacy of these policies varies depending on the prevailing economic 

conditions. Our targeted selection of fiscal instruments enables a thorough examination of two 

broad categories of fiscal interventions: direct demand-stimulation policies, such as public 

consumption, and indirect measures, like income tax reduction. The latter, notably, has been 

underexplored in the empirical state-dependency literature, which has predominantly focused on 

public expenditure.  

The analysis is conducted through the well-established Schumpeter Meeting Keynes (K+S) 

agent-based model (Dosi et al., 2010). Many versions of the model have been used so far as a 
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laboratory to evaluate policies in a large number of areas: innovation policies (Dosi et al., 2010; 

Dosi et al., 2023), fiscal, redistributive and monetary policies (Dosi et al., 2013, 2015, 2016; 

Guerini et al., 2022; Amendola and Pereira, 2025), labour-market policies (Dosi et al., 2017, 2018b, 

2021), and  low-carbon transition policies (Lamperti et al., 2021; Lamperti and Roventini, 2022; 

Amendola et al., 2024). We extend the decentralized labour-augmented version of the K+S model 

(Dosi et al., 2017, 2018, 2020), refining consumer behaviour and incorporating a more detailed 

array of fiscal instruments available to the government. The model is rich enough to study fiscal 

policy, creating a complex environment where fiscal shocks propagate through interactions 

among heterogeneous agents across various markets, traditionally considered potential sources 

of non-linearity in fiscal policy. These include the financial sector (Canzoneri et al., 2016), the 

labour market (Michaillat, 2014; Shen and Yang, 2018), and consumption-goods market (Ghassibe 

and Zanetti, 2020). It also captures critical feedback loops between demand, supply, and the 

financial components of the economy. 

From a methodological standpoint, we build on the framework proposed by Amendola and 

Pereira (2025) to estimate both linear and non-linear impulse response functions from an agent-

based model output data. Fiscal multipliers are then calculated cumulatively, following the 

approach advocated by Ramey (2019) and others. This represents a key innovation of the paper, 

as despite the extensive use of agent-based models to analyze fiscal policy (e.g., Dosi et al., 2015, 

2016, 2017; Harting, 2015; Teglio et al., 2019), attempts to investigate fiscal policy via impulse 

response functions and fiscal multipliers are still lacking within this context.1 

 This gap is somewhat surprising as several attractive features of the ABM approach, such as 

the possibility of building economic models which accommodate agent-level heterogeneity, direct 

local interactions, and bounded-rational behavioural rules. In those models, macro-outcomes 

emerge from the bottom up in an evolving complex system characterized by true, nonlinear, 

irreversible, and potentially path-dependence dynamics (Tesfatsion, 2006; LeBaron and 

Tesfatsion, 2008; Delli Gatti et al., 2011; Fagiolo and Roventini, 2017). These features make agent-

based modelling an appealing resource to analyse policy interventions (Fagiolo and Roventini, 

2017; Dosi and Roventini, 2019). Furthermore, as argued by Amendola and Pereira (2025), they 

render the methodology particularly well-suited for investigating the non-linear propagation of 

policy feedbacks or, more broadly, shocks. This allows for state dependency eventually 

manifesting as a truly emergent property of the (complex) system. This paper addresses the gap 

in the literature by conducting a thorough examination, and rigorous quantification, of fiscal 

multipliers within a well-established agent-based model. 

A key insight from our analysis is the emergence of state-dependent effects of fiscal policy 

within a complex and evolving environment. Our findings reveal that, on average, expansionary 

fiscal policies positively impact aggregate output, consistent with the Keynesian perspective of the 

model. Specifically, linear multipliers are in average 1.6 for public direct expenditure in 

consumption goods, and 1.0 for income tax reductions. However, we also observe significant non-

linearities in the effectiveness of public consumption stimuli. Multipliers are higher during 

 
1 To our knowledge, the only works that provide some basic insights on fiscal multipliers in the ABM literature are Palagi 
et al. (2017) and Reissl (2020). 
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periods of economic slack, reaching up to 3.5, and during times of increased financial fragility, at 

2.5. This suggests that direct demand stimulation policies may be particularly beneficial in periods 

of weak economic performance. In contrast, income tax rate multipliers appear largely acyclical. 

These distinctive findings are truly emergent, non-trivial properties of the model. They do not 

arise from a straightforward isomorphism between aggregate outcomes and specific micro-level 

behavioural rules, but rather from the bottom-up interactions, feedback mechanisms, and 

heterogeneity (Dosi and Roventini, 2019). Also, those findings align with a large share of the 

empirical literature (e.g., Auerbach and Gorodnichenko, 2012, 2013; Corsetti et al., 2012; Batini et 

al., 2012; Ferraresi et al., 2015; Jordà and Taylor, 2016; Gechert and Rannenberg, 2018; Amendola, 

2023). However, the ABM methodology allows not only reproducing established stylized facts but, 

more importantly, to uncover the mechanisms and transmission channels behind them, to 

experiment with counterfactual scenarios, and to assess and compare potential policies. 

The rest of the paper is organized as follows. The model is presented in section 2. In section 3, 

we empirically validate it by showing its ability to reproduce a large set of relevant stylized facts. 

Section 4 focuses on methodological aspects, while results are presented in Section 5. Section 6 

concludes. 

 

2 The model 

The model is rooted in the Schumpeterian and Keynesian traditions, established by the seminal 

work of Dosi et al. (2010). It is a general disequilibrium, stock-flow consistent, agent-based model 

populated by heterogeneous sectors, firms, banks, and households which behave according to 

bounded-rational behavioural rules in a closed-economy set-up. More specifically, we extend the 

Labour-augmented Schumpeter Meeting Keynes (K+S) model (Dosi et al., 2017, 2018, 2020) by 

introducing a more refined behaviour of consumers and a more detailed set of fiscal instruments 

available to the government.  

In terms of household behaviour, we relax the assumption that a worker-consumer (try to) 

fully expend income by incorporating savings and wealth-accumulation rules into the model. This 

upgrade is crucial for our research questions, as the responsiveness of private consumption to 

changes in income is in principle a key transmission channel of fiscal policy. Therefore, an 

empirically-plausible representation of consumer behaviour is essential for our analysis. On the 

government side, significant extensions include the introduction of public expenditure in the form 

of public procurement of goods, and the incorporation of (potentially) differentiated tax rates on 

income and profits.  

In the following, after a brief description of the main structure of the model, we present in 

detail the main novelties of the present version of the model. A comprehensive description of the 

existing components of the model, including the most relevant behavioural rules for other agent 

categories, is provided in Appendix A.2 

 
2 The model code is available in the LSD platform, available at https://github.com/santannaks/lsd, in the examples section, under “Labor- and Finance-augmented K+S Model”, version 5.3. 
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2.1 Model structure 

The model is composed of four populations of heterogeneous, micro-level agents, 𝐹𝑡1 capital-good 

firms, 𝐹𝑡2 consumption-good firms, 𝐵 commercial banks, 𝐿𝑆 workers, plus two institutional agents,  

the government and the central bank.  

The basic skeleton of the model is depicted in Figure 1. Capital-good firms produce 

heterogeneous machines and invest in R&D trying to produce cheaper and more productive 

machines. Consumption-good firms combine machines, bought from capital-good firms, and 

labour in order to produce a substitutable, quality- and price-differentiated consumption good. 

Banks provide credit to firms, according to their individual requirements and the macroprudential 

regulatory framework, collect accumulated wealth of firms and workers, and buy government 

bonds. Workers  submit job applications to a subset of firms, accept (or not) employment offers, 

and decide how much to consume and save, as bank deposits, out of income (cf. section 2.2.). 

Government levies taxes from profits of firms and banks and from workers’ income, pays 

unemployment benefits, bails out failing banks, executes public consumption expenditure, and 

sets a minimum wage (cf. section 2.3). Finally, the central bank sets the prime interest rate, and 

buys outstanding government bonds.  

In each model period, roughly equivalent to a quarter, the following timeline of events takes 

place: 

1. Policy variables, like tax rates, unemployment benefits rate, minimum wage, interest rate, 

are fixed by the government and the central bank; 

2. Workers update their (learning-by-doing) skills; 

3. Machines ordered in the previous period are delivered to consumption-good firms; 

4. Capital-good firms perform R&D and signal their machines to a set of consumption-good 

firms; 

5. Consumption-good firms determine desired investment, production, workforce size, and 

credit demand; 

6. Subject to credit constraints, firms send/receive machine-tool orders for the next period; 

7. Job-seekers send applications to firms in both sectors; 

8. The labour market closes, and job vacancies are partly or totally filled; 

9. Firms pay wages and bonuses, and produce machines and final goods; 

10. Government pays unemployment benefits, levies taxes on income and profits, and decide 

public consumption expenditure; 

11. Based on disposable income, workers decide about consumption demand and savings; 

12. Consumption-good market opens and shares evolve driven by relative competitiveness; 

13. Firms and banks compute profits, and repay debts; 

14. Firms with near-zero market share or negative net worth exit the market; 

15. Aggregate variables are computed;  

16. New firms enter the two sectors and the next period starts. 
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Figure 1: Overall structure of the model.  

 

2.2 Consumers 

Employed worker ℓ receives, at period 𝑡, a pay from the employer firm equal to the sum of the 

wage 𝑤ℓ,t and the bonus 𝐵𝑜𝑛ℓ,t, if any. The wage is determined by direct interaction between 

workers and firms (cf. Appendix A). The bonus, instead, is a variable component that depends on 

the performance of the firm.3 Unemployed individuals receive a subsidy 𝑤𝑡𝑢 from the Government, 

which is equal to a share 𝜑𝑢 ∈ [0, 1] of the average country wage. Additionally, individuals may 

earn financial income from interest accrued on bank deposits (savings). Consequently, the gross 

nominal income of consumer ℓ is: 

𝐼𝑛ℓ,𝑡 = { 𝑤ℓ,𝑡 + 𝐵𝑜𝑛ℓ,𝑡−1 + 𝑆𝑎𝑣ℓ,𝑡−1acc 𝑟𝑡−1𝐷               𝑖𝑓 𝑒𝑚𝑝𝑜𝑙𝑦𝑒𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡  𝑤𝑡𝑢 + 𝑆𝑎𝑣ℓ,𝑡−1acc 𝑟𝑡−1𝐷                                     𝑖𝑓 𝑢𝑛𝑒𝑚𝑝𝑜𝑦𝑒𝑑 𝑎𝑡 𝑡𝑖𝑚𝑒 𝑡 , (1) 

where 𝑆𝑎𝑣ℓ,𝑡𝑎𝑐𝑐 and 𝑟𝑡𝐷 represent the accumulated savings and the current interest rate on deposits, 

respectively. Gross income is subject to a flat tax rate 𝑡𝑟𝑖𝑛 ∈ [0, 1], possibly affected by a temporary, 

exogenous policy shock 𝑠𝑡𝑖𝑛 ≥ 0. Disposable income is thus:  

𝐼𝑛ℓ,𝑡 = (1 − 𝑡𝑟𝑖𝑛 + 𝑠𝑡𝑖𝑛)𝐼𝑛ℓ,𝑡  (2) 

Given the nominal disposable income 𝐼𝑛ℓ,𝑡, we assume that desired real consumption 

expenditure is, in principle, a linear combination of the expected real disposable income and the 

past consumption reference levels (Ciarli et al., 2019):  

𝛼𝑐𝐼𝑛ℓ,𝑡𝑒𝑥𝑝 + 𝛽𝑐𝐶̂ℓ,𝑡𝑟𝑒𝑓,                                𝛼𝑐 + 𝛽𝑐  ≤ 1 , 
(3) 𝐼𝑛ℓ,𝑡 = 𝐼𝑛ℓ,𝑡𝐶𝑃𝐼𝑡𝑒𝑥𝑝  ,                               𝐶𝑃𝐼𝑡𝑒𝑥𝑝 = 1𝑇𝑒𝑥𝑝 ∑𝐶𝑃𝐼𝑡−𝑣𝑇𝑒𝑥𝑝

𝑣=1  , 
 

3 Only firms with a profit rate above the average pay bonuses to workers. The total bonus paid by firm 𝑗 at time 𝑡 is 𝐵𝑜𝑛𝑗,𝑡 = Π𝑗,𝑡(1 − 𝑡𝑟𝑡𝜋)𝜑𝑏, where Π𝑗,𝑡(1 − 𝑡𝑟𝑡𝜋) is the net profit and 𝜑𝑏 ∈ [0, 1] is a parameter governing the share of net 
profit distributed to workers. The bonus is allocated to workers proportionally to the wages. 
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𝐶̂ℓ,𝑡𝑟𝑒𝑓 = ∑ (𝜔𝑐)𝑣−1 𝐶̂ℓ,𝑡−𝑣𝑑𝑇𝑒𝑥𝑝𝑣=1∑ (𝜔𝑐)𝑣−1𝑇𝑒𝑥𝑝𝑣=1  , 
where 𝐼̂𝑛ℓ,𝑡𝑒𝑥𝑝is the expected real disposable income, and 𝐶̂ℓ,𝑡𝑟𝑒𝑓 is a reference consumption level equal 

to an exponential moving average of the last 𝑇𝑒𝑥𝑝 ∈ ℕ periods of the real desired consumption 

levels, 𝜔𝑐 ∈ ]0, 1] is a decay parameter.4 𝛼𝑐  and 𝛽𝑐 are the parameters that regulate the importance 

of current real disposable income and past consumption levels in the definition of the desired 

consumption. 

This formulation implies that consumption follows income dynamics but in a sluggish way: 

individuals slowly adjust consumption to income changes (Morley, 2007). The inclusion of current 

income is justified on the grounds of the empirical evidence on the relevance of this variable for 

consumption demand of individuals (cf. for example Jappelli and Pistaferri, 2010). Accordingly, 

the parameters 𝛼𝑐  and 𝛽𝑐 are calibrated based on the empirical evidence on the (mean) marginal 

propensity to consume of individuals (Jappelli and Pistaferri, 2014; Carrol et al., 2017). The 

inclusion of (fading-out) past consumption levels, on the other hand, is motivated by the idea of 

internal habits in consumption, which explains why consumption reacts slowly to income changes 

(Pollak, 1970; Morley, 2007; Carrol, 2011).5 

A ratchet effect is finally introduced to capture intuition of Duesenberry (1948) that “it is 

harder for a family to reduce its expenditure from a higher level than for a family to refrain from making high expenditures in the first place”. In line with Caiani et al. (2019), we model this 

asymmetric behaviour by imposing a lower bound on the consumption reduction that individuals 

accept in a single period, leading to the final specification of the real desired consumption 

specification of consumer ℓ at period 𝑡: 
𝐶̂ℓ.𝑡𝑑 = max( 𝛼𝑐𝐼𝑛ℓ,𝑡𝑒𝑥𝑝 + 𝛽𝑐𝐶̂ℓ,𝑡𝑟𝑒𝑓, 𝛾𝑐𝐶̂ℓ,𝑡𝑟𝑒𝑓 )  ,                       𝛽𝑐 < 𝛾𝑐 < 1 , (4) 

where 𝛾𝑐  determines the stickiness of individuals to consumption standards, being (1 − 𝛾𝑐) the 

maximum percentage reduction accepted by the workers in a single period. The ratchet effect 

becomes binding in the event of significant decreases in current income of a consumer. 

Individuals do not have access to credit and rely on accumulated wealth to smooth 

consumption over time, whenever their desired consumption exceeds current income. 

Consequently, individuals can finance their desired consumption level only if they possess 

sufficient resources (current disposable income plus savings), and (nominal) desired 

consumption in money terms is given by: 

 
4 The real disposable income is an expected value since, in the model, workers must decide about consumption 
expenditure before prices are set by the firms. The expected consumption price level 𝐶𝑃𝐼𝑡𝑒𝑥𝑝 is modelled as the 𝑇𝑒𝑥𝑝 period moving average of the consumer price index 𝐶𝑃𝐼𝑡. 
5 This consumption function is similar to the ones used in many macro-ABMs grounded on the idea of backward looking 

permanent income (cf. Dawid and Delli Gatti, 2018). Indeed, our consumption function can be rewritten as a weighted 
average of the current and all past real disposable incomes, with decreasing weights as we go back into the past. Here, 
the reference consumption summarizes the information of the past real disposable income of individuals, and 𝛼𝑐 and 𝛽𝑐  
are the weights of current and past incomes in the computation of the permanent income. The slow reaction of 
consumption to income changes is due to the sluggish response of permanent income to income changes. 
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𝐶ℓ.𝑡𝑑 = min( 𝐶̂ℓ.𝑡𝑑𝐶𝑃𝐼𝑡𝑒𝑥𝑝  , 𝐼𝑛ℓ,𝑡 + 𝑆𝑎𝑣ℓ,𝑡−1𝑎𝑐𝑐  )  . (5) 

Those without adequate resources cannot fully satisfy their desired consumption, resulting in 

constrained effective consumption demand, and no savings. Otherwise, the unspent share of 

disposable income of consumer ℓ is saved: 𝑆𝑎𝑣ℓ,𝑡𝑎𝑐𝑐 = 𝑆𝑎𝑣ℓ,𝑡−1𝑎𝑐𝑐 + 𝐼𝑛ℓ,𝑡− 𝐶ℓ.𝑡𝑑  . (6) 

 

2.3 Government 

As in the standard K+S model, the government levies taxes (𝑇𝑎𝑥𝑡), pays unemployment direct 

transfers (𝐺𝑡𝑡𝑟𝑓) and interest rate (𝑟𝑡𝑏𝑜𝑛𝑑𝑠) on the bond stock (𝐵𝑜𝑛𝑑𝑠𝑡), absorbs central bank net 

results (Π𝑡𝑐𝑏), and bails-out failing banks (𝐺𝑡𝑏𝑎𝑖𝑙). We extend the policy instruments by introducing 

the possibility of discretionary public consumption expenditure (𝐺𝑡𝑐), and time-varying shocks on 

both the income (𝑠𝑡𝑖𝑛 ≥ 0) and the profit (𝑠𝑡𝜋 ≥ 0) tax rate parameters (𝑡𝑟𝑖𝑛, 𝑡𝑟) ∈ ℝ+2 , 

respectively. Given revenues and expenditures, tax proceeds and public deficit read:  

𝑇𝑎𝑥𝑡 = (𝑡𝑟 − 𝑠𝑡𝜋)(Π𝑡1 + Π𝑡2 +Π𝑡𝑏) + (𝑡𝑟𝑖𝑛 − 𝑠𝑡𝑖𝑛) 𝐼𝑛𝑡 , 
(7) 𝐷𝑒𝑓𝑡 = 𝐺𝑡𝑡𝑟𝑓 + 𝐺𝑡𝑐 − 𝑇𝑎𝑥𝑡 − Π𝑡𝑐𝑏 + 𝑟𝑡−1𝑏𝑜𝑛𝑑𝑠𝐵𝑜𝑛𝑑𝑠𝑡−1 + 𝐺𝑡−1𝑏𝑎𝑖𝑙  , 

where Π𝑡𝑘, 𝑘 = 1, 2, 𝑏, represents the gross profits of capital, consumption, and financial sectors, 

respectively 𝐼𝑛𝑡 is the total income of workers. In case of (positive) deficit, the government issues 

new bonds, which are bought by banks. The central bank intervenes and buys the bonds only when 

the banks are not able to buy the total amount. 

Public desired consumption is modelled as a public procurement process in which the 

Government buys goods directly from the consumption-good sector (Assenza et al., 2018). This amount of goods is “consumed” by the Government, without any further transformation.6 To 

determine the level of public consumption in each period, we base our approach on empirical 

evidence. Specifically, in advanced economies over recent decades, we observe that: i) the public 

consumption-to-GDP ratio shows no clear long-term trend; ii) this ratio fluctuates in the short 

term; iii) public consumption tends to be slightly procyclical in most countries, though the public 

consumption-to-GDP ratio displays countercyclical dynamics (Lane, 2003; Lamo et al., 2013). In 

line with this empirical evidence, we assume the following simple and flexible rule:  

𝐺𝑡𝑐,𝑑 = 𝑔0 𝑌𝑡𝑚𝑡 + 𝑠𝑡𝑔 ,                        𝐺𝑡𝑐 ≤ 𝐺𝑡𝑐,𝑑 (8) 

where 𝑔0 ∈ [0, 1] is a parameter that determines the target public consumption-to-GDP ratio, 𝑌𝑡𝑚𝑡 
represents the medium-term GDP, calculated by a linear regression on a fixed number 𝑇𝑚𝑡 ∈ ℕ of 

GDP periods, and 𝑠𝑡𝑔 ≥ 0 represents a possible discretionary but temporary policy shock. This 

 
6 We do not assume any feedback between public and private consumption demand. Yet, public consumption may 
partially crowds-out private consumption in situations of excess of demand. 
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formulation allows us to replicate a public consumption-to-GDP ratio that fluctuates around the 

target value (𝑔0) in a countercyclical manner. Desired public consumption demand 𝐺𝑡𝑐,𝑑 is then 

allocated among consumption-good firms based on their market share. As firm individual supply 

may be smaller than the allocated government share, and there is no inter-firm compensation in 

this case, effective public consumption 𝐺𝑡𝑐 may be (slightly) lower than desired. 

 

3 Empirical validation 

The proposed K+S model extension model was simulated, and results were obtained from a 

comprehensive Monte Carlo (MC) experiment.7 The model successfully replicates a broad range 

of both macroeconomic and microeconomic stylized facts. Specifically, it reproduces all the key 

stylized facts captured by previous versions of the K+S model (summarized in Table C.1 in 

Appendix C), while also offering new insights into consumption, income, and wealth dynamics at 

both individual and aggregate levels.  

At the macroeconomic level, consistent with the K+S tradition, the model generates 

endogenous growth dynamics alongside business cycle fluctuations and deep crises (see Figure 

C.1 in Appendix C).8 Moreover, the model produces relatively realistic utilization rates for 

productive inputs (labour and capital) and sustainable public finance conditions (Table C.2).  

At the business-cycle frequencies, the model predicts that investment is significantly more 

volatile than GDP, whereas private consumption is less volatile than GDP (Figure C.2). Analysing 

the business-cycle co-movements between macroeconomic variables, we find that, in line with the 

empirical evidence (e.g., Stock and Watson, 1999; Napoletano et al., 2006). The model predicts 

that private consumption, net investment, changes in inventories, productivity, and nominal 

wages are pro-cyclical, while unemployment rate, mark-up and bankruptcy rate of firms are 

countercyclical (Table 1). Public consumption is slightly pro-cyclical and lagging, following 

existing evidence (Stock and Watson, 1999; Lane, 2003; Lamo et al., 2013). 

With respect to consumption, the model generates empirically consistent aggregate 

propensities to consume, with a marginal value around one third and an average of about 90% 

(Jappelli and Pistaferri, 2010; Carroll et al., 2017). At the individual level, interesting patterns 

emerge. First, in line with most empirical literature (e.g., Jappelli and Pistaferri, 2014; Fagereng et 

al., 2018; Johnson et al., 2006), the model predicts that consumers with low income or wealth tend 

to have a higher marginal propensity to consume compared to those in better conditions (Figure 

2). Specifically, as found by Jappelli and Pistaferri (2014), this propensity for low-income/wealth 

individuals is approximately twice that of wealthier people. A similar pattern holds for the 

average: wealthier individuals exhibit lower propensities (Figure C.3) (Dynan et al., 2004; Bozio 

et al., 2011; Fisher et al., 2018). Additionally, the model predicts that consumers experiencing 

 
7 The presented K+S model extension was coded and simulated using the LSD framework (Valente and Pereira, 2023), 
and the results were analysed using the R platform (R Core Team, 2024). The MC experiment was based on 200 
realizations of 500 discrete time periods (𝑡 = 1,… , 500) each. The model is loosely calibrated so one time period roughly 
corresponds to on quarter. The parametrization of the model is reported in Appendix B.  
8 Time-series plots present the MC time series excluding a “warm-up” period of 100 time steps. Calibration of initial 
conditions are kept to a minimum: all firms in each sector, and workers start equal at 𝑡 = 1, departing from balanced 
supply and demand, under planned utilization, in all markets. The objective is to have the model structure endogenously 
determining appropriate initial conditions after the warm-up period. 
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rising incomes tend to show a lower average propensity to consume when compared to those with 

declining incomes (Figure C.4), as noted by Carrol and Weil (1994). 

 

Series (Bpf) GDP (Bpf)         

 t-4 t-3 t-2 t-1 t t+1 t+2 t+3 t+4 

 

GDP -0.239 0.025 0.444 0.837 1.000 0.837 0.444 0.025 -0.239 

 

(0.013) (0.011) (0.007) (0.002) (0.000) (0.002) (0.007) (0.011) (0.013) 

Private cons. -0.168 0.057 0.411 0.761 0.939 0.841 0.520 0.129 -0.164 

 

(0.020) (0.014) (0.007) (0.006) (0.005) (0.003) (0.011) (0.017) (0.017) 

Net investment -0.255 -0.157 0.023 0.205 0.301 0.266 0.143 0.021 -0.026 

 

(0.010) (0.011) (0.015) (0.017) (0.015) (0.012) (0.011) (0.012) (0.011) 

Chg. inventories -0.199 -0.067 0.150 0.327 0.353 0.208 -0.006 -0.160 -0.183 

 

(0.009) (0.008) (0.010) (0.012) (0.010) (0.009) (0.013) (0.014) (0.010) 

Public cons. 0.218 0.285 0.345 0.346 0.260 0.103 -0.062 -0.178 -0.219 

 

(0.015) (0.011) (0.010) (0.015) (0.016) (0.012) (0.008) (0.011) (0.014) 

Unempl. rate 0.298 0.226 0.054 -0.132 -0.245 -0.246 -0.172 -0.092 -0.049 

 

(0.014) (0.019) (0.023) (0.022) (0.018) (0.014) (0.014) (0.015) (0.015) 

Productivity 0.101 0.222 0.341 0.418 0.413 0.307 0.139 -0.030 -0.133 

 

(0.016) (0.016) (0.016) (0.017) (0.018) (0.018) (0.018) (0.019) (0.019) 

Wage 0.032 0.146 0.265 0.353 0.374 0.304 0.165 0.011 -0.096 

 

(0.014) (0.016) (0.017) (0.017) (0.020) (0.023) (0.022) (0.018) (0.014) 

Bankruptcy rate 0.071 0.052 -0.020 -0.126 -0.216 -0.239 -0.180 -0.068 0.044 

 

(0.012) (0.012) (0.015) (0.018) (0.018) (0.017) (0.015) (0.015) (0.014) 

Mark-up  0.126 0.125 0.098 0.050 -0.006 -0.051 -0.077 -0.080 -0.068 

 

(0.013) (0.015) (0.016) (0.016) (0.015) (0.013) (0.012) (0.013) (0.014) 

Hand-to-mouth 0.071 0.003 -0.039 -0.162 -0.295 -0.313 -0.341 -0.304 -0.259 

 (0.016) (0.016) (0.020) (0.019) (0.018) (0.017) (0.014) (0.015) (0.015) 

 

Table 1: Correlation structure. Bpf: Baxter-King bandpass-filtered (6,32,12) series. Monte Carlo standard errors in 
parentheses. 200 MC runs. 

 

 

 
Figure 2: Marginal propensity to consume along income and wealth distributions. Every dot represents the average 
marginal propensity to consume in a specific percentile of a specific run. Results for 50 MC runs. 
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The heterogeneity among individuals has important implications for our analysis. The 

response of private consumption to fiscal policy interventions depends significantly on the profile 

of the individuals directly or indirectly affected by the policy. Consumer heterogeneity, in reality, 

plays a key role in shaping the macroeconomic impact of fiscal policies (Carrol, 2012; Jappelli and 

Pistaferri, 2014).  

But what drives household heterogeneity in our model? The explanation lies in the 

endogenous generation of “hand-to-mouth” consumers. Specifically, individuals become hand-to-

mouth when own resources are insufficient to cover the desired consumption level, making one’s 
consumption entirely dependent on current income, with a marginal propensity to consume close 

to one (Mankwin, 2000).9 This process is fully endogenous within the model, as it stems from the 

consumption, income, and wealth dynamics of each individual. As a result, the share of hand-to-

mouth consumers fluctuates over time (Figure 3), moving with the business cycle and showing a 

countercyclical pattern (Table 1). This is particularly important because it establishes a possible 

link between the state of the economy and the effectiveness of fiscal policy.10 In the model, the 

aggregate relationship between propensity to consume and income-wealth distribution emerge 

because the fraction of hand-to-mouth consumers progressively increases as the analyzed 

percentiles of income and wealth distributions decrease. 

 

 
Figure 3: Time-varying fraction of hand-to-mouth consumers. Detail of two sample simulation runs selected for 
example purpose. 

 

The model yields several noteworthy additional insights into consumption, income, and 

wealth dynamics. First, it generates aggregate wealth/income ratio compatible with empirical 

data (Figure C.5, left). Second, the model predicts an interesting positive relationship between 

individual income and wealth/income ratio (Figure C.5, right). Lastly, the model captures clear 

 
9 A somewhat similar dynamic, at least in the vein, is present in some recent Heterogeneous Agent New Keynesian 
(HANK) models (Galì, 2018). 
10 In a DSGE-context, for example, Galì et al. (2007) show that public spending multiplier increase as the fraction of hand-
to-mouth (non-ricardian) households increases. In that model, however, different fractions of hand-to-mouth 
consumers are imposed ex ante. In our model, instead, the share of hand-to-mouth consumers is endogenously 
determined. 
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inequality patterns among individuals, showing that inequality in consumption is lower than 

inequality in income, which in turn is lower than inequality in wealth (Table C.2) (Fisher et al., 

2018). 

 

4 Policy experiments 

The paper delves into the examination of expansionary fiscal policies in the form of public 

consumption or income tax rate stimuli. These policies are modelled as follows. Assuming the 

policies begin in period t, the public consumption stimulus is modelled by adding a positive shock 

(𝑠𝑡𝐺𝑔) to the equation (8) above, while the income tax rate stimulus is modelled adding a positive 

shock (𝑠𝑡𝑖𝑛) to equation (2). 

Both shocks are calibrated to be equivalent to a 𝑦𝑠ℎ = 1%, of the GDP on impact and are fully 

financed by deficit. Moreover, building on empirical evidence suggesting that fiscal policy shocks 

tend to be very persistent over time (e.g., Blanchard and Perotti, 2002; Caldara and Kamps, 2008; 

Ramey and Zubairy, 2018), we treat them as extremely persistent, assuming they remain in 

levels.11 In principle, the timing of the shock is set at period 300 to avoid occurrences close to the 

warm-up phase of the model. In addition, as noticed by Amendola and Pereira (2025), adopting 

such a straightforward rule for shock timing is the simplest way to avoid any selection into 

treatment bias, which could distort linear estimates in the presence of state-dependent effects.  

To gauge the linear effects of fiscal shocks, we compare Monte Carlo sets in which each 

observation is composed by two simulation runs with identical parameter values, initial 

conditions, and pseudorandom number generator (PRNG) seeds.12 The fiscal shock is introduced 

in only one of the quasi-twin simulations, with the non-shocked simulation serving as a direct 

counterfactual scenario. Differences in time series between the shocked and non-shocked 

scenarios can be then attributed to the fiscal shock and causal effects directly identified. Yet, as 

typical in ABM, a Monte Carlo approach need to be adopted to wash away across simulation 

variability and extrapolate a robust signal (Delli Gatti and Grazzini, 2020). A Monte Carlo 

experiment of size 500 is adopted to robustly identify the impacts of our policies. Further details 

on the so-called Counterfactual Monte Carlo (CMC) methodology applied here is presented in 

Amendola and Pereira (2025). 

Fiscal multipliers, in line with the recent empirical literature, are computed as cumulative 

multipliers. This measure has the advantage of taking into consideration the GDP-gain and cost of 

the policy, an appropriate way to compute fiscal multipliers in a dynamical environment 

(Mountford and Uhlig, 2009; Ramey, 2019). Multipliers are calculated individually for each 

observation of the Monte Carlo experiment. For instance, the (cumulative) public consumption 

multiplier for the ℎ-th period after the shock in the  𝑖-th CMC run are computed as:  

 
11 For instance, in the case of a public consumption shock, we assume that 𝑠𝑡𝐺𝑔 = 0 for 𝑡 < 𝑡𝑒 and 𝑠𝑡𝐺𝑔 = 0.01 ∗ 𝐺𝐷𝑃𝑡𝑒−1 
for 𝑡 ≥ 𝑡𝑒 , where 𝑡𝑒 is the time of the shock. 
12 The seed of the PRNG entirely determines the stochastic realizations of the model, allowing introducing controlled 

stochasticity in the analysis. 
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𝑀𝑢𝑙𝑡𝑖,ℎ = ∑ [(𝑌𝑖,𝑡+𝑗|𝑠𝑡𝑔 ≠ 0) − (𝑌𝑖,𝑡+𝑗|𝑠𝑡𝑔 = 0)]ℎ𝑗=0 ∑ 𝑠𝑡+𝑗𝑔ℎ𝑗=0 ,              ℎ = 0,… , 𝐻 , (9) 

 

where 𝐻 ∈ ℕ is the chosen time horizon for policy evaluation, and 𝑌𝑖,𝑡+𝑗|𝑠𝑡𝑔 ≠ 0 and 𝑌𝑖,𝑡+𝑗|𝑠𝑡𝑔 = 0 

are the values of GDP in shocked and non-shocked periods, respectively. CMC-sample mean and 

median multipliers are then computed to assess the effects of fiscal policy in the model.  

The policies are evaluated for a maximum time horizon 𝐻 of 16 periods. This corresponds to 

a time window equivalent to four years after the introduction of the policy (ℎ = 0). This time 

window, largely used in the empirical analyses on fiscal multipliers (e.g., Ramey and Zubairy, 

2018; Amendola, 2023), appears long enough to capture short- and medium-term effects of fiscal 

policy. 

 

4.1 In search of state-dependency 

Amendola and Pereira (2025) propose an intuitive, yet robust, framework for constructing state-

dependent impulse response functions within an agent-based context. Drawing inspiration from 

empirical analyses which employ a threshold local projection model to explore state-dependency 

(e.g., Owyang et al., 2013; Ramey and Zubairy, 2018) - and building on the broader foundation of 

threshold nonlinear time series models (Teräsvirta et al., 2010) - the authors propose assessing 

state-dependency by comparing impulse response functions across sub-samples of a 

Counterfactual Monte Carlo (CMC) experiment. These sub-samples are representative of 

alternative states of the economy, which were equal until the policy shock is applied in just one 

of them, at ℎ = 0, and then branch in two now-divergent realizations. Therefore, the CMC 

experiment can be characterized, for instance, by comparing the values of one or more state 

variables against appropriate thresholds. The authors propose two approaches for selecting the 

relevant state variables and the corresponding threshold values. The first, grounded in theory, 

involves testing candidate state variables, and usual thresholds, deemed potentially relevant in 

the literature. Alternatively, the authors proposed a data-driven algorithm (Random Forest State 

Identification Algorithm – RFSIA), based on the machine-learning random forests, to discover 

interesting economic states – combining state variables and thresholds – from the CMC data. 

In the following, we adopt the CMC-RFSIA methodology of Amendola and Pereira (2025) to 

investigate the possible state-dependent effects of fiscal policy. Firstly, we explicitly test whether 

fiscal multipliers are higher in slack situations than in expansionary periods, relying on 

performance indicators largely adopted in the literature. Subsequently, we adopt a data-driven 

perspective by supplying RFSIA with an extensive array of potential state variables. These 

variables encompass diverse metrics, ranging from indicators of economic slack to measures of 

financial distress, allowing us to uncover other possible sources of state-dependency within our 

model. 
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5 Results 

5.1 Linear analysis  

Figure 4 (left) presents the GDP response to a public consumption stimulus. The stimulus delivers 

a substantial boost to the economy, resulting in approximately a 1% increase in GDP in the short 

term, and a 2% increase in the medium term. This effect remains statistically significant 

throughout the entire analysis window, as shown by the 90% confidence interval of the CMC GDP-

irf. 

 

 

Figure 4: Impulse response function of GDP to public consumption and income tax rate stimuli.  Results are relative to 
GDP one period before the shock at ℎ = 0. Red line: average effect; black dashed lines: 90% confidence intervals. 500 
CMC runs. 

 

Transmission channels, illustrated in Figure 5, reveal a clear crowding-in effect on private 

consumption, consistent with empirical analysis (Blanchard and Perotti, 2002; Caldara and 

Kamps, 2008; Amendola, 2023). This effect is propelled by the positive impact of the public 

consumption stimulus on the average real disposable income of individuals, which, in conjunction 

with the contemporaneous rise in public consumption demand, explains the rise in industrial 

production. Regarding private investment, the model predicts a general tendency towards a 

positive response, although its impulse response function exhibits greater volatility compared to 

private consumption. This volatility underscores the inherent challenge in predicting the reaction 

of investment to fiscal shocks. However, a statistically significant crowding-in effect on private 

investment is observed in the short term. Other interesting results include: (i) a persistent decline 

in the unemployment rate, with nominal wages largely unaffected by the public consumption 

stimulus, implying that the rise in disposable income is primarily driven by reduced 

unemployment rather than wage growth; (ii) positive effects on private firms, reflected by 

increased profits following the policy implementation; and (iii) some inflationary pressure 

resulting from the public consumption stimulus, as indicated by the response of the consumer 

price index.  
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Figure 5: Impulse responses to public consumption stimulus. Results are relative to the value of the variable one period 
before the shock at ℎ = 0. Red lines: average effects; black dashed lines: 90% confidence intervals. 500 CMC runs. 

 

The income tax rate stimulus produces a significantly positive effect on aggregate output, with 

a persistent and statistically significant impact across most time horizons considered (Figure 6, 

right). However, compared to the public consumption stimulus, the GDP response is weaker, 

especially in the short term. As shown in Figure 6, the primary driver of output expansion is the 

strong and persistent increase in private consumption, which responds positively to the income 

tax rate reduction. This consumption response is attributed to the positive effect on the average 

real disposable income of individuals resulting from the reduction in the income tax.  Unlike the 

public consumption scenario, private investment does not show a clear short-term reaction, 

though some positive response emerges in the medium term. Similar to the public consumption 

stimulus, the income tax rate cut leads to a decrease in the unemployment rate, increased firm 

profits, and mild pressure on the consumer price index.  
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Figure 6: Impulse responses of several variables to income tax stimulus. Results are relative to one period before the 
shock at ℎ = 0. Red lines: average effects; black dashed lines: 90% confidence intervals. 500 CMC runs. 

 

Table 2 presents fiscal multipliers estimates. Our results indicate that public consumption 

multipliers are approximately 1.0 in the short term, with an impact multiplier around 0.7, rising 

to above 1.0 in the medium term and peaking at 1.6.13 Median multipliers closely align with 

average values, indicating widespread positive effects across simulations. In contrast, income tax 

multipliers are notably below 1.0 in the short term and around 1.0 in the medium term (see Table 

3). The initial effect of income tax rate cuts on GDP is approximately three times weaker than that 

of an equivalent public consumption stimulus, with an impact multiplier around 0.25. This gap 

narrows in the medium term, with income tax multipliers reaching about 60% of those for public 

consumption policy.  

 

 Public consumption stimulus  Income tax stimulus 

Time 

horizon 

Average 

multiplier 
90% CI 

Median 

multiplier 
 

Average 

multiplier 
90% CI 

Median 

multiplier 

        

1 0.67*** (0.63,0.70) 0.75  0.24*** (0.22,0.26) 0.23 

4 1.02*** (0.85,1.18) 1.17  0.41*** (0.28,0.53) 0.53 

8 1.34*** (1.04,1.63) 1.37  0.76*** (0.53,0.99) 0.90 

16 1.64*** (1.08,2.19) 1.65  0.96*** (0.55,1.35) 1.19 
 

Table 2: Cumulative GDP multipliers for public consumption and income tax rate stimuli. (***): p-value < 0.001; (**): 
p-value < 0.01; (*): p-value<0.05. 500 CMC runs. 

 

 
13 Multipliers are below 1.0, in the short-term, as part of the additional demand is satisfied through reductions in 
inventories. 
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Do these multipliers align with the empirical evidence? Answering this question is complex 

due to significant variability in estimates across the literature. However, a comparison with recent 

meta-analyses, such as those by Gechert and Rannenberg (2018) and Hlaváček and Ismayilov 
(2022), suggests that our estimates fall within the empirical range, albeit slightly leaning toward 

the right side of the distribution. Yet, the model is expected to partially overestimate fiscal 

multipliers compared to most of these empirical studies, given its closed-feature nature, which 

does not account for potential leakages related to imports and price competitiveness (cf. 

Spilimbergo, 2009; Iltezki, 2013). Overall, we contend that the model yields reasonable results, 

providing a valuable framework for exploring the effects of fiscal policy.  

 

 

5.2 Slack vs good periods  

Let us now analyse whether fiscal multipliers vary according to economic conditions. We begin by 

comparing recessionary vs. expansionary economic conditions, using recognized indicators from 

the literature to objectively assess these states. Recessionary periods are identified based on the 

following criteria, evaluated at the time fiscal policy is implemented: i) a capacity utilization rate 

below the sample mean (Fazzari, 2015); ii) an unemployment rate above the sample mean (Ramey 

and Zubairy, 2018; Amendola, 2023); and iii) two consecutive quarters of negative GDP growth 

(Batini et al., 2012). Conversely, good periods are characterized by a capacity utilization rate 

above the sample mean, an unemployment rate below the sample mean, and two consecutive 

quarters of above-average GDP growth. 

Figure 7 illustrates the state-dependent impulse response functions (IRF) of GDP to public 

consumption shocks during periods of differentiated conditions. In the left are presented the IRFs 

associated with a weak economy, and in the right, the ones of a strong state. From the top, in Figure 

7 we compare the effect of a public consumption policy under (i) low and high utilization in the 

installed productive capacity, (ii) high and low unemployment, and (iii) recessionary or 

expansionary period. The results clearly demonstrate that our model predicts distinct GDP 

responses in the two states, regardless of the criterion used for classification. Specifically, the 

impact on GDP is strong and lasting in downturn periods, with medium-term multipliers nearly 

double those observed in the linear analysis above. In contrast, the response during good 

economic conditions is relatively weak and not statistically significant in the medium term. When 

evaluating multipliers over the entire time horizon, our findings suggest that multipliers are 

approximately 2.5 times higher during slack periods compared to good conditions (0.8). This 

aligns with prior empirical analyses, such as those by Auerbach and Gorodnichenko (2012) and 

Amendola (2023), which found that multipliers during economic slack are 50-60% higher than 

linear estimates. Moreover, the difference is highly significant, confirmed at the 1% significance 

level by the application of two-means t-tests, and also by the analysis of the interquartile 

distributions (boxplots) for the bootstrapped mean (left) and median (right) multipliers in Figure 

8. 
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Figure 7: State-dependent impulse responses of GDP to public consumption stimulus applied in specific economic 
conditions. Red line: average effect; black dashed lines: 90% confidence intervals. Top panel: low (left) or high (right) 
utilization of capacity (sample sizes: 242/258); Middle panel: high (left) or low (right) unemployment (sample size: 
298/202); Bottom panel: recession (left) or expansion (right) (sample size: 63/148). 

 

Several mechanisms contribute to these state-dependent effects. Consistent with Auerbach 

and Gorodnichenko (2013), and Amendola (2023), among others, we observe a marked difference 

in private consumption responses across the two economic states (Figure C.6 in Appendix C). In 

contraction periods, the public consumption stimulus generates a strong and lasting crowding-in 

effect on private consumption, nearly doubling the one observed in the linear analysis. Conversely, 

when the stimuli are implemented in good conditions, the crowding-in effect is weak and limited 

to the short term, with evidence of a crowding-out effect emerging in the medium term. 
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Figure 8: Interquartile distributions for the state-dependent, public consumption, medium-term cumulative fiscal 
multipliers. Left column: mean multipliers; Right column: median multipliers. Top panel: low or high utilization of 
capacity (sample sizes: 242/258); Middle panel: high or low unemployment (sample size: 298/202); Bottom panel: 
recession or expansion (sample size: 63/148). Bootstrap replications: 10000. 

 

The state-dependent response of private consumption can be attributed to three primary 

mechanisms. The first is linked to the average real income of individuals, which experiences a 

substantial increase in slack scenarios but remains relatively stable in good conditions (Figure C.7, 

left). This phenomenon is partially explained by the more significant impact of the policy on 

nominal disposable income in recessionary periods (Figure C.7, middle). Additionally, a different 

reaction of prices plays a crucial role: inflation is substantially zero in weak-economy periods, 

while it is pronounced otherwise, offsetting the rise in nominal income (Figure C.7, right). This 

state-dependent inflation response to public consumption policy is an interesting emerging 

property of the model, corroborated by empirical analysis (e.g., Riera-Crichton et al., 2015). 

The second reason that could explain the state-dependent reaction of private consumption is 

related to the higher presence of hand-to-mouth consumers in underperforming conditions (Galì 

et al., 2007). The percentage of these consumers is approximately 10% higher during slack 

periods, leading to a greater aggregate marginal propensity to consume in worse conditions and, 

consequently, a stronger consumption response.  

Finally, the third mechanism involves the physical productive capacity of consumption-good 

firms to meet the increased demand from public consumption. In scenarios characterized by 

supply bottlenecks, public consumption policy may directly crowd out private consumption. This 
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effect is less likely in slack situations, as these are typically associated with higher levels of 

inventories and underutilized production inputs.  

Do these findings also apply to income-tax reduction policy? Interestingly, our model does not 

yield robust evidence in support of this conclusion. While there is weak evidence suggesting 

anticyclical tax multipliers during periods of high unemployment or recession, this evidence is 

considerably less compelling than in the case of public consumption. Furthermore, we find no 

indication of higher multipliers during periods of low-capacity utilization (Figure C.8). Overall, it 

seems reasonable to conclude that income-tax policy multipliers are acyclical, or only weakly 

anticyclical in our model. Remarkably, although empirical literature on the state-dependent 

effects of income-tax fiscal policy is limited, this finding aligns with the conclusions of Gechert and 

Rannenberg (2018), who argue that tax multipliers are not particularly sensitive to economic 

conditions. One possible explanation for this result lies in the nature of income-tax policies, whose 

effects unfold gradually through adjustments in disposable income and individual consumption 

decisions. The slow dynamic creates a significant lag between policy implementation and the full 

impact on the economy, ultimately turning the effectiveness of such policies less dependent on the 

economic conditions at the time of introduction. 

 

 

5.3 In search of others state-dependent effects  

To conclude our analysis, we adopt the RFSIA data-driven approach to identify state-dependency 

in a systematic way. This method requires the choice of a metric, which serves as the dependent 

variable for a random forest regression model. For our analysis, we select the medium-term 

cumulative multiplier for a time horizon 𝐻 = 16, as it effectively captures the tested policies’ 
medium-term effects. The algorithm is then configured with a broad set of potential explanatory 

variables, including indicators of economic performance (e.g., capacity utilization, unemployment, 

GDP growth), measures of financial fragility (e.g., share of non-performing loans, number of bank 

failures, banks’ net wealth), public finance indexes (e.g., debt-to-GDP, deficit-to-GDP), and 

inequality metrics (e.g., Gini coefficient).14 

The RFSIA algorithm reveals some compelling patterns. First, the capacity utilization rate is 

identified as the most frequent splitting variable. However, the findings suggest that the ad hoc 

rules applied above for differentiating between good and bad conditions were overly simplistic. 

According to the results, the best split is not the average utilization rate, close to the 5th decile of 

the distribution, but by the second decile. This indicates a significant gap in public-consumption 

policy multipliers when the utilization rate is particularly low, specifically under the second decile 

of the distribution, reflecting a substantial recession. Under these conditions, public consumption 

multipliers reach values around 3.5. This result is particularly consistent with the ones of 

Caggiano et al. (2015), who reported large fiscal multipliers during periods of deep recessions.  

 
14 Constrained by the RFSIA parameters, the algorithm generates a series of “candidate” decision trees, each 
characterized by adequate stratifications for the dependent variable. It then assesses whether the outcomes in each 
terminal node differ statistically from the rest of the data. Finally, the algorithm aggregates the most frequent splitting 
paths, replacing specific threshold values with the corresponding quantiles (discretization). See Amendola and Pereira 
(2025) for details. 
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Second, the analysis identifies financial fragility as a key factor influencing the effectiveness of 

public consumption policy. Specifically, the share of non-performing loans, and the level of bank 

net wealth relative to GDP emerge as prominent state variables. The results indicate that fiscal 

multipliers are particularly high in scenarios characterized by a high share of non-performing 

loans (2.5) or when bank assets are distressed (2.1). This aligns with literature suggesting that 

fiscal policy is especially impactful during pronounced financial fragility (e.g., Almunia et al., 2010; 

Corsetti et al., 2012; Blanchard and Leigh, 2013; Ferraresi et al., 2015; Canzonieri et al., 2016; 

Glocker et al., 2019). Bank lending plays a critical role in this context, as it is substantially boosted 

by increase in public consumption expenditure. This suggests a process like a financial accelerator 

mechanism based on quantitative borrowing constraints which are alleviated by the fiscal 

stimulus (Challe and Ragot, 2011; Turrini et al., 2012; Ferraresi et al., 2015; Hebous and 

Zimmermann, 2021). 

 

6 Concluding remarks 

In this study, we analyze the short- and medium-term effects of expansionary fiscal policies by 

means of a theoretical macroeconomic agent-based model. Specifically, we propose an extended 

version of the labour-augmented K+S model (Dosi et al., 2017, 2018, 2020) to investigate the 

macroeconomic impacts of public consumption and income-tax reduction policies under various 

economic conditions. These effects are rigorously quantified, allowing us to estimate both linear 

and state-dependent fiscal multipliers under multiple economic scenarios. To the best of our 

knowledge, this study is one of the pioneering efforts in this area within the agent-based modelling 

literature. 

Our findings show that (deficit-financed) expansionary fiscal policies, whether through 

increased public spending or income-tax cuts, have significant positive effects on aggregate 

output. Public consumption (linear) multiplier is approximately 1.6, while tax multiplier is around 

1.0. In the very short term, the difference between policies is even more pronounced, with 

expenditure multipliers being two to three times higher than those associated with tax reductions. 

Although some model features, such as its closed-economy structure, may lead to overestimation 

of fiscal multipliers, our results underscore the critical role of fiscal policy as a powerful tool for 

policymakers. 

However, the analysis suggests that fiscal policy linear effects should be considered with 

caution, as non-linearities can significantly affect policy effectiveness. Specifically, we find 

pronounced non-linearities in the propagation of public consumption policy, with multipliers (up 

to 3.5) higher during periods of economic slack, and high financial fragility (2.5). We identify 

inflationary pressures, supply bottlenecks, and borrowing constraints as potential sources of 

these non-linearities. Importantly, these findings emerge as genuine properties of the model 

rather than aggregate outcomes derived from micro-level decision rule specification. 

Interestingly, this pattern is not observed for policy based on income-tax cuts. Our results suggest 

that tax policy multipliers remain largely acyclical (around 1.0). 

Our findings indicate that expansion in public consumption expenditure is significantly more 

powerful than cuts in income tax rates, particularly in situations of economic downturn, and 
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heightened financial fragility – precisely when fiscal stimulus is most needed. In a distinctly 

Keynesian manner, direct demand stimulation emerges as the more adequate policy choice to 

restore economic growth. Conversely, the state-dependent superiority of public consumption is 

partially reversed under favourable economic conditions. The model analysis attributes this 

dependency to the relative speed at which each policy instrument generates the relevant 

macroeconomic impacts. Indirect demand-stimulation policies, such as tax cuts, tend to act more 

gradually, often producing most effects after the economic environment has already changed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



23 
 

References 

Alloza, M. (2017). Is fiscal policy more effective in uncertain times or during recessions? Working 

Paper 1730, Banco de Espanà. Almunia, M., Benetrix, A., Eichengreen, B., O’Rourke, K. H., & Rua, G. (2010). From great depression 
to great credit crisis: similarities, differences and lessons. Economic policy, 25(62), 219-265. 

Amendola, M. (2023). Public consumption multipliers in slack and good periods: Evidence from 

the euro area. Macroeconomic Dynamics, 27(8), 2031-2055. 

Amendola, M. and Pereira, M. C. (2025). State-dependent impulse responses in agent-based 

models: A new methodology and an economic application. Journal of Economic Behavior & 

Organization, 229, 106811. 

Amendola, M., Lamperti, F., Roventini, A., & Sapio, A. (2024). Energy efficiency policies in an agent-

based macroeconomic model. Structural Change and Economic Dynamics, 68, 116-132. 

Amendola, A., Di Serio, M., Fragetta, M., & Melina, G. (2020). The euro-area government spending 

multiplier at the effective lower bound. European Economic Review, 127, 103480. 

Arrow, K. J. (1962). The economic implications of learning by doing. The Review of Economic 

Studies 29(3), 155–173. 

Assenza, T., Colzani, P., Delli Gatti, D., & Grazzini, J. (2018). Does fiscal policy matter? Tax, transfer, 

and spend in a macro ABM with capital and credit. Industrial and Corporate Change, 27(6), 1069-

1090. 

Auerbach, A. J., & Gorodnichenko, Y. (2012). Measuring the output responses to fiscal policy. 

American Economic Journal: Economic Policy, 4(2), 1-27. 

Auerbach, A. J., & Gorodnichenko, Y. (2013). Fiscal multipliers in recession and expansion. In Fiscal 

policy after the financial crisis (pp. 63-98). University of Chicago Press. 

Auerbach, A. J., & Gorodnichenko, Y. (2017). Fiscal stimulus and fiscal sustainability. NBER 

Working Paper 23789, National Bureau of Economic Research, Cambridge, MA. 

Banerjee, R., & Zampolli, F. (2019). What drives the short-run costs of fiscal consolidation? 

Evidence from OECD countries. Economic Modelling, 82, 420-436. 

Batini, N., Callegari, G., & Melina, G. (2012). Successful Austerity in the United States, Europe and 

Japan (No. 12/190). International Monetary Fund. 

Bachmann, R., & Sims, E. R. (2012). Confidence and the transmission of government spending 

shocks. Journal of Monetary Economics, 59(3), 235-249. BIS (1999), “Capital Requirements and Bank Behaviour: the Impact of the Basle Accord”, Working 
Papers 1, Bank for International Settlements. 



24 
 

Blanchard, O., & Perotti, R. (2002). An empirical characterization of the dynamic effects of changes 

in government spending and taxes on output. Quarterly Journal of economics, 117(4), 1329-

1368. 

Blanchard, O. J., & Leigh, D. (2013). Growth forecast errors and fiscal multipliers. American 

Economic Review, 103(3), 117-120. 

Blanchard, O. J., & Leigh, D. (2013). Growth forecast errors and fiscal multipliers. American 

Economic Review, 103(3), 117-120. 

Blanchard, O. J., & Summers, D. (2017). Rethinking Stabilization Policy: Evolution or Revolution?. 

NBER Working Paper 24179, National Bureau of Economic Research, Cambridge, MA. 

Bernardini, M. and Peersman, G. (2018). Private debt overhang and the government spending 

multiplier: Evidence for the united states. Journal of Applied Econometrics, 33(4):485–508. 

Bernardini, M., De Schryder, S., & Peersman, G. (2020). Heterogeneous government spending 

multipliers in the era surrounding the great recession. Review of Economics and Statistics, 

102(2), 304-322. 

Bonam, D., De Haan, J., and Soederhuizen, B. (2022). The effects of fiscal policy at the effective 

lower bound. Macroeconomic Dynamics, 26(1):149–185. Bozio, A., Emmerson, C., O’Dea, C., & Tetlow, G. (2011). Do the rich really save more? Evidence from 
lifetime earnings and consumption data in the United Kingdom. London, United Kingdom: 

Institute for Fiscal Studies. 

Caiani, A., Russo, A., & Gallegati, M. (2019). Does inequality hamper innovation and growth? An 

AB-SFC analysis. Journal of Evolutionary Economics, 29(1), 177-228. 

Caldara, D., & Kamps, C. (2008). What are the effects of fiscal policy shocks? A VAR-based 

comparative analysis. ECB Working Paper 877. 

Canzoneri, M., Collard, F., Dellas, H., & Diba, B. (2016). Fiscal multipliers in recessions. The 

Economic Journal, 126(590), 75-108. 

Carroll, C. (2012). Implications of Wealth Heterogeneity for Macroeconomics. The Johns Hopkins 

University, Department of Economics. Working Paper No. 597. 

Carroll, C. D., & Weil, D. N. (1994). Saving and growth: a reinterpretation. In Carnegie-Rochester 

conference series on public policy (Vol. 40, pp. 133-192). North-Holland. 

Carroll, C. D., Slacalek, J., & Sommer, M. (2011). International evidence on sticky consumption 

growth. Review of Economics and Statistics, 93(4), 1135-1145. 

Carroll, C., Slacalek, J., Tokuoka, K., & White, M. N. (2017). The distribution of wealth and the 

marginal propensity to consume. Quantitative Economics, 8(3), 977-1020. 



25 
 

Castelnuovo, E., & Lim, G. (2019). What do we know about the macroeconomic effects of fiscal 

policy? A brief survey of the literature on fiscal multipliers. Australian Economic Review, 52(1), 

78-93. Challe, E., & Ragot, X. (2011). Fiscal Policy in a Tractable Liquidity‐Constrained Economy. The 

Economic Journal, 121(551), 273-317. 

Christiano, L., Eichenbaum, M., & Rebelo, S. (2011). When is the government spending multiplier 

large?. Journal of Political Economy, 119(1), 78-121. 

Ciarli, T., Lorentz, A., Valente, M., & Savona, M. (2019). Structural changes and growth regimes. 

Journal of Evolutionary Economics, 29(1), 119-176. 

Cohen-Setton, J., Gornostay, E., & Ladreit, C. (2019). Aggregate Effects of Budget Stimulus: 

Evidence from the Large Fiscal Expansions Database. Peterson Institute for International 

Economics Working Paper, (19-12). 

Corsetti, G., Meier, A., and Müller, G. J. (2012). What determines government spending multipliers? 

Economic Policy, 27(72):521–565. 

Dawid, H., & Delli Gatti, D. (2018). Agent-based macroeconomics. In Handbook of computational 

economics (Vol. 4, pp. 63-156). Elsevier. 

Delli Gatti, D., & Grazzini, J. (2019). Rising to the Challenge: Bayesian Estimation and Forecasting 

Techniques for Macroeconomic Agent-Based Models (No. 7894). CESifo Group Munich. 

DeLong, J. B., Summers, L. H., Feldstein, M., & Ramey, V. A. (2012). Fiscal policy in a depressed 

economy. Brookings Papers on Economic Activity, 233-297. 

Dosi, G., O. Marsili, L. Orsenigo, and R. Salvatore (1995). Learning, market selection and the 

evolution of industrial structures. Small Business Economics 7(6), 411–436. 

Dosi, G., G. Fagiolo, and A. Roventini (2010). Schumpeter meeting keynes: A policy-friendly model 

of endogenous growth and business cycles. Journal of Economic Dynamics and Control 34(9), 

1748–1767. 

Dosi, G., G. Fagiolo, M. Napoletano, and A. Roventini (2013). Income distribution, credit and fiscal 

policies in an agent-based keynesian model. Journal of Economic Dynamics and Control 37(8), 

1598–1625. 

Dosi, G., G. Fagiolo, M. Napoletano, A. Roventini, and T. Treibich (2015). Fiscal and monetary 

policies in complex evolving economies. Journal of Economic Dynamics and Control 52, 166–189. 

Dosi, G., Napoletano, M., Roventini, A., & Treibich, T. (2016). The short-and long-run damages of 

fiscal austerity: Keynes beyond Schumpeter. In Contemporary Issues in Macroeconomics (pp. 

79-100). Palgrave Macmillan, London. 



26 
 

Dosi, G., Napoletano, M., Roventini, A., & Treibich, T. (2017a). Micro and macro policies in the 

Keynes+ Schumpeter evolutionary models. Journal of Evolutionary Economics, 27(1), 63-90. 

Dosi, G., Pereira, M. C., Roventini, A., & Virgillito, M. E. (2017b). When more flexibility yields more 

fragility: the microfoundations of Keynesian aggregate unemployment. Journal of Economic 

Dynamics and Control, 81, 162-186. 

Dosi, G., Pereira, M. C., Roventini, A., & Virgillito, M. E. (2018). Causes and consequences of 

hysteresis: aggregate demand, productivity, and employment. Industrial and Corporate Change, 

27(6), 1015-1044. 

Dosi, G., Pereira, M. C., Roventini, A., & Virgillito, M. E. (2018b). The effects of labour market 

reforms upon unemployment and income inequalities: an agent-based model. Socio-Economic 

Review, 16(4), 687-720. 

Dosi, G., Pereira, M. C., Roventini, A., & Virgillito, M. E. (2020). The labour-augmented K+ S model: 

a laboratory for the analysis of institutional and policy regimes. EconomiA, 21(2), 160-184. 

Dosi, G., Freeman, R. B., Pereira, M. C., Roventini, A., & Virgillito, M. E. (2021). The impact of 

deunionization on the growth and dispersion of productivity and pay. Industrial and Corporate 

Change, 30(2), 377-408. 

Dosi, G., & Roventini, A. (2019). More is different... and complex! the case for agent-based 

macroeconomics. Journal of Evolutionary Economics, 29(1), 1-37. 

Dosi, G., Lamperti, F., Mazzucato, M., Napoletano, M., & Roventini, A. (2023). Mission-oriented policies and the “Entrepreneurial State” at work: An agent-based exploration. Journal of 

Economic Dynamics and Control, 151, 104650. 

Duesenberry, J. S. (1948). Income-consumption relations and their implications. Lloyd Metzler et 

al., Income, Employment and Public Policy, New York: WW Norton & Company, Inc. 

Dynan, K. E., Skinner, J., & Zeldes, S. P. (2004). Do the rich save more?. Journal of political economy, 

112(2), 397-444. 

Fagereng, Andreas; Holm, Martin B.; Natvik, Gisle James (2018). MPC Heterogeneity and 

Household Balance Sheets. CESifo Working Paper, No. 7134. Center for Economic Studies and 

Ifo Institute (CESifo), Munich. 

Fagiolo, G., & Roventini, A., (2017). Macroeconomic Policy in DSGE and Agent- Based Models 

Redux: New Developments and Challenges Ahead.  Journal of Artificial Societies and Social 

Simulation 20(1)1,2017. 

Fazzari, S. M., Morley, J., & Panovska, I. (2015). State-dependent effects of fiscal policy. Studies in 

Nonlinear Dynamics & Econometrics, 19(3), 285-315. 



27 
 

Fisher, J., Johnson, D. S., Smeeding, T. M., Thompson, J., (2018). The Demography of Inequality: 

Income, Wealth and Consumption, 1989-2016. PSC Research Report No. 18-890. 7 2018. 

Galí, J. (2018). The state of New Keynesian Economics: A partial assessment. Journal of Economic 

Perspectives, 32(3), 87-112. 

Galí, J., López-Salido, J. D., & Vallés, J. (2007). Understanding the effects of government spending 

on consumption. Journal of the european economic association, 5(1), 227-270. 

Ghassibe, M., & Zanetti, F. (2022). State dependence of fiscal multipliers: the source of fluctuations 

matters. Journal of Monetary Economics, 132, 1-23. 

Gechert, S., & Rannenberg, A. (2018). Which fiscal multipliers are regime‐dependent? A meta‐
regression analysis. Journal of Economic Surveys, 32(4), 1160-1182. 

Ghassibe, M., & Zanetti, F. (2020). State dependence of fiscal multipliers: the source of fluctuations 

matters. Mimeo, University of Oxford. 

Glocker, C., Sestieri, G., & Towbin, P. (2019). Time-varying government spending multipliers in 

the UK. Journal of Macroeconomics, 60, 180-197. 

Gomes, F. A. R., Sakurai, S. N., and Soave, G. P. (2020). Government spending multipliers in good 

times and bad times: The case of emerging markets. Macroeconomic Dynamics, pages 1–43. 

Guerini, M., Lamperti, F., Napoletano, M., Roventini, A., & Treibich, T. (2022). Unconventional 

monetary policies in an agent-based model with mark-to-market standards. Review of 

Evolutionary Political Economy, 3(1), 73-107. 

Harting, P. (2015). Stabilization policies and long term growth: Policy implications from an agent-

based macroeconomic model. Tech. Rep. 06-2015, Bielefeld Working Papers in Economics and 

Management. 

Hebous, S., & Zimmermann, T. (2021). Can government demand stimulate private investment? 

Evidence from US federal procurement. Journal of Monetary Economics, 118, 178-194. Hlaváček, M., & Ismayilov, I. (2022). Meta-analysis: Fiscal multiplier (No. 7/2022). IES Working 

Paper. 

Ilzetzki, E., Mendoza, E. G., & Végh, C. A. (2013). How big (small?) are fiscal multipliers?. Journal of 

monetary economics, 60(2), 239-254. 

Jappelli, T., & Pistaferri, L. (2010). The consumption response to income changes. Annu. Rev. Econ., 

2(1), 479-506. 

Jappelli, T., & Pistaferri, L. (2014). Fiscal policy and MPC heterogeneity. American Economic 

Journal: Macroeconomics, 6(4), 107-36. 



28 
 

Johnson, D. S., Parker, J. A., & Souleles, N. S. (2006). Household expenditure and the income tax 

rebates of 2001. American Economic Review, 96(5), 1589-1610. 

Jordà, Ò., & Taylor, A. M. (2016). The time for austerity: estimating the average treatment effect 

of fiscal policy. The Economic Journal, 126(590), 219-255. 

Kim, W. (2023). Private sector debt overhang and government spending multipliers: Not all debts 

are alike. European Economic Review, 154, 104439. 

Klein, M. (2017). Austerity and private debt. Journal of Money, Credit and Banking, 49(7), 1555-

1585. 

Lamo, A., Pérez, J. J., & Schuknecht, L. (2013). The cyclicality of consumption, wages and 

employment of the public sector in the euro area. Applied Economics, 45(12), 1551-1569. 

Lane, P. R. (2003). The cyclical behaviour of fiscal policy: evidence from the OECD. Journal of 

Public economics, 87(12), 2661-2675. 

LeBaron, B., & Tesfatsion, L. (2008). Modeling macroeconomies as open-ended dynamic systems 

of interacting agents. American Economic Review, 98(2), 246-50. 

Mankiw, N. G. (2000). The savers-spenders theory of fiscal policy. American Economic Review, 

90(2), 120-125. 

Michaillat, P. (2014). A theory of countercyclical government multiplier. American Economic 

Journal: Macroeconomics, 6(1), 190-217. 

Morley, J. C. (2007). The slow adjustment of aggregate consumption to permanent income. Journal 

of Money, Credit and Banking, 39(2‐3), 615-638. 

Mountford, A., & Uhlig, H. (2009). What are the effects of fiscal policy shocks?. Journal of applied 

econometrics, 24(6), 960-992. 

Napoletano, M., Roventini, A., & Sapio, S. (2006). Are business cycles all alike? A bandpass filter 

analysis of the Italian and US cycles. Rivista italiana degli economisti, 11(1), 87-118. 

Owyang, M. T., Ramey, V. A., & Zubairy, S. (2013). Are government spending multipliers greater 

during periods of slack? Evidence from twentieth-century historical data. American Economic 

Review, 103(3), 129-34. 

Palagi, E., Napoletano, M., Roventini, A., & Gaffard, J. L. (2017). Inequality, redistributive policies 

and multiplier dynamics in an agent-based model with credit rationing. Italian Economic 

Journal, 3(3), 367-387. 

Perotti, R. (1999). Fiscal policy in good times and bad. The Quarterly Journal of Economics, 

114(4):1399–1436. 



29 
 

Pollak, R. A. (1970). Habit formation and dynamic demand functions. Journal of political Economy, 

78(4, Part 1), 745-763. 

R Core Team (2024). R: A Language and Environment for Statistical Computing. Vienna, Austria: 

R Foundation for Statistical Computing. 

Ramey, V. A. (2019). Ten years after the financial crisis: What have we learned from the 

renaissance in fiscal research?. Journal of Economic Perspectives, 33(2), 89-114. 

Ramey, V. A., & Zubairy, S. (2018). Government spending multipliers in good times and in bad: 

evidence from US historical data. Journal of Political Economy, 126(2), 850-901. 

Reissl, S. (2020). From CATS to CAOS: Fiscal Multipliers and Agents’ Expectations in a 
Macroeconomic Agent-Based Model. ExSIDE Working Paper Series, No. 25-2020. 

Riera-Crichton, D., Vegh, C. A., & Vuletin, G. (2015). Procyclical and countercyclical fiscal 

multipliers: Evidence from OECD countries. Journal of International Money and Finance, 52, 15-

31. 

Shen, W., & Yang, S. C. S. (2018). Downward nominal wage rigidity and state-dependent 

government spending multipliers. Journal of Monetary Economics, 98, 11-26. 

Spilimbergo, M. A., Schindler, M. M., & Symansky, M. S. A. (2009). Fiscal multipliers (No. 2009-

2011). International Monetary Fund. 

 Steindl, J. (1952). Maturity and Stagnation in American Capitalism. Blackwell. 

Stock, J. H., & Watson, M. W. (1999). Business cycle fluctuations in US macroeconomic time series. 

Handbook of macroeconomics, 1, 3-64. 

Teglio, Andrea & Mazzocchetti, Andrea & Ponta, Linda & Raberto, Marco & Cincotti, Silvano, 

(2019). Budgetary rigour with stimulus in lean times: Policy advices from an agent-based 

model. Journal of Economic Behavior & Organization vol. 157(C), pages 59-83. 

Tesfatsion, L. and K. Judd (Eds.) (2006). Handbook of Computational Economics II: AgentBased 

Computational Economics. North Holland, Amsterdam. Triest (eds.), The Macroeconomics of 

Fiscal Policy. London: MIT Press. 

Teräsvirta, T., Tjøstheim, D., & Granger, C. W. (2010). Modelling nonlinear economic time series. 

Turrini, A., Röger, W., & Székely, I. P. (2012). Banking crises, output loss, and fiscal policy. CESifo 

Economic Studies, 58(1), 181-21. 

Valente, M., & Pereira, M. C. (2023). LSD: Laboratory for Simulation Development. Aquila, Italy and Campinas, Brazil: Universita’ dell’Aquila and Universidade Estadual de Campinas. 
Winter, S. G., & Nelson, R. R. (1982). An Evolutionary Theory of Economic Change. The Belknap 

Press of Harvard University Press, Cambridge. 



30 
 

Appendices 

Appendix A – model’s details 

Capital sector  

Capital-good firms produce machines, on order of consumption-good firms, using labour only. The 

technology of the i-th capital-good firms is represented by a couple of values (𝐴𝑖𝜏 , 𝐵𝑖𝜏), where 𝐴𝑖𝜏 is 

the productivity of the machine produced and 𝐵𝑖𝜏 is the labour productivity in the production 

process of the machine itself. The index τ is the vintage/technology produced. The capital-good 

industry is the place where innovations are endogenously generated, in the economy, in a 

Schumpeterian competition framework driven by technological innovation. Capital-good firms, 

indeed, trying to increase their market share and their profits, perform innovation and imitation 

activity. Specifically, firms invest in R&D according to the following rule: 
 𝑅𝐷𝑖,𝑡 = 𝑣 ∗ 𝑆𝑖,𝑡−1                                                                                                                                                       (𝑖) 
 

where 𝑅𝐷𝑖,𝑡 is the monetary expenditure on R&D activity, 𝑆𝑖,𝑡−1 is the past period revenue from 

sales and ν ∈ (0,1] is a parameter that determine how much of the past sales is reinvested in R&D. 

Firms on the technological frontier invest all their R&D expenditure in the innovation activity 

while other firms split their R&D expenditure between innovation (𝐼𝑁𝑖) and imitation (𝐼𝑀𝑖) according to the parameter ξ ∈ [0,1]: 
 𝐼𝑁𝑖,𝑡 =  ξ ∗  𝑅𝐷𝑖,𝑡                                                                                                                                                       (𝑖𝑖) 𝐼𝑀𝑖,𝑡 = (1 − ξ) ∗  𝑅𝐷𝑖,𝑡                                                                                                                                         (𝑖𝑖𝑖) 

 

Innovation and imitation are uncertain activities and are modelled as a two-step stochastic 

process. The first step determines whether a firm has access to innovation or imitation and is 

modelled as draws from Bernoulli distributions whose parameters are: 
 𝜃𝑖,𝑡𝑖𝑛 = 1 − 𝑒−𝜁1∗𝐼𝑁𝑖,𝑡                                                                                                                                                (𝑖𝑣) 𝜃𝑖,𝑡𝑖𝑚 = 1 − 𝑒−𝜁2∗𝐼𝑀𝑖,𝑡                                                                                                                                                (𝑣) 

 

where 𝜁1 and 𝜁2 are the parameters that regulate the probability of accessing to the second step. 

The probability of accessing the second step depends on the resources putted into the two R&D 

activities. Firms that access the second step of the innovative process may draw a new machine 

whose productivities are determined as: 

 𝐴𝑖,𝑡𝑖𝑛 = 𝐴𝑖,𝑡 ∗ (1 + 𝑥𝑖,𝑡𝐴 )                                                                                                                                           (𝑣𝑖) 𝐵𝑖,𝑡𝑖𝑛 = 𝐵𝑖,𝑡 ∗ (1 + 𝑥𝑖,𝑡𝐵 )                                                                                                                                          (𝑣𝑖𝑖) 
 

where 𝑥𝑖,𝑡𝐴  and 𝑥𝑖,𝑡𝐵  are independent realizations from a Beta (𝛼1, 𝛽1) distribution over the 

support[𝑥1,  𝑥1]. 𝑥1 is assumed to be lower than zero allowing for the possibility of failure 

innovations.  
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Firms that access the second step of the imitative process have the possibility to imitate the 

technology of one competitor, with an imitation probability inversely related to the technological 

distance to other firms. Imitation process and innovative process can lead to a potential failure 

and, therefore, firms switch to the new potential technology only if this technology outperforms 

the current one. Particularly, firms select the machine to produce according to the following rule: 
 𝑚𝑖𝑛 [𝑝𝑖,𝑡ℎ + 𝑏 ∗ 𝑐𝐴𝑖ℎ,𝑡ℎ ] ,                   ℎ = 𝜏, 𝑖𝑛, 𝑖𝑚                                                                                               (𝑣𝑖𝑖𝑖)       

    
where 𝑏 is the payback parameter for the investment decisions of the consumption-good firms 

and 𝑐𝐴𝑖ℎ,𝑡ℎ  is the unit cost of production of the machine. The produced machine is advertised sending 

brochures with price and productivity of the machine to the consumption-good firms. Capital-

good market is characterized by imperfect information and, therefore, capital-goods firms can 

signal the productivity and the price of their machines only to their existing customers plus a 

subset of potential new customers. With regards to price, they are fixed adding a constant mark-

up (𝜇1) over the unit cost of production (𝑐𝑖):  
 𝑝𝑖,𝑡 = (1 + 𝜇1) ∗ 𝑐𝑖,𝑡                                                                                                                                               (𝑖𝑥) 

 

Consumption-good sector 

Firms in the consumption-good sector produce an homogenous consumption good using labour 

and machines as inputs, under constant return to scale. Production decisions are based on the 

expected demand level (𝐷𝑗𝑒), equal to a weighted average of the past demand received by the firm: 

 𝐷𝑗,𝑡𝑒 = 𝑔(𝐷𝑗,𝑡−1,  𝐷𝑗,𝑡−1, … . , 𝐷𝑗,𝑡−ℎ),            0 < ℎ < 𝑡                                                                                       (𝑥) 
 

Firms try to maintain a buffer of inventories over this expected demand, trying to fulfil 

unexpected demand peaks (Steindl, 1952). Their desired production (𝑄𝑗𝑑), therefore, is equal to: 

 𝑄𝑗,𝑡𝑑 = (1 + 𝜄) ∗ 𝐷𝑗,𝑡𝑒 − 𝑁𝑗,𝑡−1                                                                                                                               (𝑥𝑖) 
 

where 𝜄 is the parameter that define the desired level of inventories and 𝑁𝑗,𝑡−1 are the accumulated 

inventories from the previous period. Given the desired production level, consumption-good firms 

calculate their desired capital stock (𝐾𝑗𝑑) as a linear function of the desired production. If the actual 

capital stock is lower than the desired level firms invest to expand their capital stock. Desired 

expansionary investment (𝐸𝐼𝑗𝑑) are then equal to: 

 𝐸𝐼𝑗,𝑡𝑑 = 𝐾𝑗,𝑡𝑑 − 𝐾𝑗,𝑡−1                                                                                                                                               (𝑥𝑖𝑖) 
 

where 𝐾𝑗,𝑡−1 is the actual capital stock of the firm j. Firms invest not only to increase the stock of 

capital but also to increase the productivity of their capital stock. These technological replacement 

investments are based on a payback rule in which firms consider the price and the productivity 

of the new machines and the productivity of the machines they own. Specifically, defining Ξ𝑗,𝑡 as 
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the set of all vintages of machines held by the firm j at time t, firm j decides to scrap the machine 𝐴𝑖𝜏 ∈ Ξ𝑗,𝑡 if: 
 𝑝𝑗,𝑡∗𝑐𝑗,𝑡𝐴𝑖𝜏 − 𝑐𝑗,𝑡∗ ≤ 𝑏                                                                                                                                                        (𝑥𝑖𝑖𝑖) 
 

where 𝑝𝑗,𝑡∗  is the price of the new machine and the denominator represents the difference between 

the unit cost of production of the machine 𝐴𝑖𝜏 and the new machine. b is the payback parameter. 

Desired replacement investment (𝑆𝐼𝑗𝑑) is then calculated as the sum of all the machines scrapped 

following the payback rule. Total investment is the sum of expansionary and replacement 

investment.  

Capital-good supplier are chosen comparing price and productivity of the machines for which 

consumption good firms have received brochures. Machines production is a time-consuming 

process and, therefore, machines enter in the capital stock of consumption firms one period after 

their demand. In every period, therefore, the stock of machines held by consumption-good firms 

is given. Given the stock of machine held (Ξ𝑗,𝑡), firms calculate their unit cost of production (𝑐𝑗) 

and fix the price applying a variable mark-up over the average unit cost of production: 
 𝑝𝑖,𝑡 = (1 + 𝜇𝑗,𝑡) ∗ 𝑐𝑗,𝑡                                                                                                                                           (𝑥𝑖𝑣) 
 

The mark-up decision is done trying to balance the effects of mark-up on profits and on 

competitiveness. Firms increase their mark-up whenever their market share (𝑓𝑗) is expanding and 

decrease it when is contracting:  
 𝜇𝑗,𝑡 = 𝜇𝑗,𝑡−1 ∗ (1 + 𝜐 ∗ 𝑓𝑗,𝑡−1 − 𝑓𝑗,𝑡−2𝑓𝑗,𝑡−1 ) ,      0 < 𝑣 < 1                                                                                 (𝑥𝑣) 

 

Imperfect information is also present in the consumption market and consumers do not 

instantaneously switch to the most competitive producer. Market shares, indeed, evolve according 

to a (quasi) replicator dynamics where more competitive firms expand their market share while 

firms with relatively lower competitive firm reduce their market share, or exit the market; 
 𝑓𝑗,𝑡 = 𝑓𝑗,𝑡−1 ∗ (1 + χ ∗ 𝐸𝑗,𝑡 − 𝐸̅𝑡𝐸̅𝑡 ) ,          χ > 0                                                                                               (𝑥𝑣𝑖) 
 𝐸𝑗,𝑡 is the competitiveness of firm j in period t and 𝐸̅𝑡 is the average competitiveness in 

consumption-good sector in the same period. Competitiveness of firms, in turn, depends on the 

price that they charge on consumers and on their ability to avoid situations of unfilled demand: 
 𝐸𝑗,𝑡 = −𝜔1 ∗ 𝑝𝑗,𝑡−1′ − 𝜔2 ∗ 𝑙𝑗,𝑡−1   ′                                                                                                                   (𝑥𝑣𝑖𝑖) 

 

where 𝑝𝑗,𝑡−1′  and 𝑙𝑗,𝑡−1′  are the individual normalized prices and unfilled demands. 
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Entry-exit process 

In both sectors there is an endogenous entry-exit process with no imposition of zero net entry. 

The number of firms, therefore, is free to vary over time. Firms leave the market whenever their 

market shares get close to zero or their net assets turn negative (bankruptcy). The numbers of 

new entrants, instead, depends on the number of existing firms in the sector, on the financial 

situation prevailing in the sector and on a stochastic component (Dosi et al., 1995):  
 𝑏𝑡𝑧 = 𝑚𝑎𝑥([(1 − 𝑜) ∗ 𝑀𝐴𝑡𝑧 + 𝑜 ∗ 𝜋𝑡𝑧] ∗ 𝐹𝑡−1𝑧 , 0)                                                                                        (𝑥𝑣𝑖𝑖𝑖) 

 

where 𝑏𝑡𝑧is the number of entrants in the sector z ∈ {1,2}, 𝐹𝑡−1𝑧  is the number of incumbent firms 

in the sector and 𝑀𝐴𝑡𝑧 is the entry attractiveness of the sector that is related to the financial 

conditions of the sector. The entry process depends also on a stochastic component (𝜋𝑧) modelled 

as a draw from uniform distribution over a fixed support [𝑥2, 𝑥2]. The parameter o regulates the 

relative importance of the stochastic component in the entry process. The entry attractiveness of 

a sector (𝑀𝐴𝑧) is defined as: 
 𝑀𝐴𝑡𝑧 = 𝑀𝐶𝑡𝑧 − 𝑀𝐶𝑡−1𝑧                                                                                                                                        (𝑥𝑖𝑥) 
 

where 𝑀𝐶𝑡𝑧 is the financial situation of sector z in time t, represented by the aggregate firms’ 
balance sheet situation that, in turn, is equal to the sum of the assets of the firms (𝑁𝑊𝑦) minus the 

sum of the debts of the firms (𝐷𝑒𝑏𝑦):  

 𝑀𝐶𝑡𝑧 = log(∑𝑁𝑊𝑦,𝑡−1𝑦 )− log(∑𝐷𝑒𝑏𝑦,𝑡−1𝑦 )                                                                                        (𝑥𝑥) 
 𝑀𝐴𝑡𝑧, therefore, is an indication of the changes in the tightness of the credit market with positive 

values indicating deleveraged markets and negative values leveraged markets.  

The entrant firms get credit from banks to pay for machines and have some seed money. This 

process, therefore, is completely stock-and-flow consistent.  

 

The financial sector 

Firms finance production in advance using accumulated internal founds and demanding credit 

whenever their internal resources are not enough to finance desired production and investment 

plans. Credit is provided by a fixed number of banks, up to certain limits fixed by the 

macroprudential framework (Central Bank). Firms, therefore, may be credit rationed.  

The supply of credit of banks is constrained by capital adequacy requirements inspired by 

Basel-framework rules. Besides the regulatory limit, we assume that banks want to maintain a 

buffer over the regulatory capital level, in line with the empirical evidence (BIS, 1999). The size of 

this buffer is not constant over-time since it evolves strategically in order to offset bank financial 

fragility (proxied by the ratio bad debt/ bank assets). Maximum credit available from bank k a 

time t therefore is: 
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𝑇𝐶𝑘,𝑡 = 𝑁𝑊𝑘,𝑡−1𝑏𝜏𝑏 ∗ (1 + 𝛽 ∗ 𝐵𝑑𝑎𝑘,𝑡−1)  ,    𝜏𝑏, 𝛽 > 0                                                                                             (𝑥𝑥𝑖) 
 

where 𝑁𝑊𝑘,𝑡−1𝑏  is the previous period bank’s wealth, 𝜏𝑏 is the macroprudential regulatory 

parameter, 𝐵𝑑𝑎𝑘,𝑡−1 is the ratio between accumulated bad debt and bank assets and 𝛽 is a parameter which measures the banks’ speed of adjustment to its financial fragility. 
There is a fixed relationship between banks and firms where the former allocate credit to firms 

following a pecking order whereby demanding clients are ranked by their creditworthiness 

proxied by the liquidity-to-sales ratio. Low creditworthiness firms have higher probability to be 

credit-rationed. In any case, there is a maximum amount of credit that a bank provides to a specific 

firm and this amount is a function of the past sales of the firm (𝑆𝑗,𝑡.1 ): 
 𝐷𝑒𝑏𝑗,𝑡 ≤  λ ∗  𝑆𝑗,𝑡.1 ,                λ ≤ 0                                                                                                                 (𝑥𝑥𝑖𝑖) 
Other than provide credit to firms, banks collect firms and workers accumulated wealth and 

buy Government bonds. Earnings of the banks are the sum of the interests on performing loans, 

on Government bonds held and on deposits held at the Central Bank. The interest rate on loans is 

not unique as it depends on the creditworthiness of the client. Banks, indeed, consider 

idiosyncratic credit risks when they lend money to firms. The costs for the banks, on the other 

side, are the sum of the interests paid on deposits of firms and workers plus the losses due to non-

performing loans. A bank goes bankrupts if it makes negative profits bigger than the net worth of 

the bank. In those cases, the Government inject capital into the bank to restore the 

macroprudential capital requirements. 

 

The labour market and the skills dynamics 

The labour market is based on a decentralized search and hiring process between workers and firms. Labour demand comes from firms that want expand their labour force while labour supply 
comes from unemployed and workers in search of better job. This process takes place in a labour 

market characterized by imperfect information. In every period, workers can submit job 

applications only to a subset of firms and workers and firms possess information only on the 

counterparties with whom they come into contact. Hiring firms define a wage offer for the applicant workers and workers select the best offer they get from the firms to which they 
submitted applications, if any. There are no further rounds of bargaining between firms and 

workers in the same period. This implies that firms have no guarantee of fulfilling all the open 

positions and that workers may not find a job.15 

More in detail, firms in the consumption-good sector16 decide their desired labour force (𝐿𝑗𝑑) 

according to the desired production (𝑄𝑗𝑑) and the average productivity of the capital stock (𝐴𝑗): 

 𝐿𝑗,𝑡𝑑 = 𝑄𝑗,𝑡𝑑𝐴𝑗,𝑡                                                                                                                                                             (𝑥𝑥𝑖𝑖𝑖) 
 

15 Given this skeleton, the model is extremely flexible in the determination of the institutional framework that governs 
this sketched labour market process. For more details see Dosi et al. (2017b, 2018, 2020). 
16 To avoid repetitions, only the consumption-good sector labour market dynamics is sketched. 
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If the desired labour force is higher than the current labour force, firms open a numbers of job 

positions (𝐽𝑃𝑗) equal to:   

  𝐽𝑃𝑗,𝑡 = max((1 + 𝜃) ∗ (𝐿𝑗,𝑡𝑑 − 𝐿𝑗,𝑡−1), 0),    𝜃 ≥ 0                                                                                     (𝑥𝑥𝑖𝑣) 
 

where 𝐿𝑗,𝑡−1 is the previous period labour force of the firm j and 𝜃 is a parameter that is equal or 

greater than zero.17 On the supply side, firms receive a numbers of job applications (𝐿𝑗𝑠), from 

unemployed (U) and employed (1-U) searching better work, proportional, in probability, to their 

market share (𝑓𝑗): 

 𝐸(𝐿𝑗,𝑡𝑠 ) = (𝜔𝑢 ∗ 𝑈𝑡−1 +𝜔𝑒 ∗ (1 − 𝑈𝑡−1)) ∗ 𝑓𝑗,𝑡−1, 𝜔𝑢 ≥ 𝜔𝑒                                                             (𝑥𝑥𝑣) 
 𝜔𝑢 and 𝜔𝑒 are parameters that determines the number of job-applications that an unemployed 

and employed make in a single period.  

Workers request a wage (𝑤ℓ𝑟) equal to:  

 

𝑤ℓ,𝑡𝑟 = {  
  𝑤ℓ,𝑡−1 ∗ (1 + 𝜀)                              𝑖𝑓 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑖𝑛 𝑡 − 1                                                                                                                                                                                                                                     (𝑥𝑥𝑣𝑖)𝑚𝑎𝑥 {𝑤𝑡𝑢; 1𝑇𝑠∑𝑤ℓ,𝑡−ℎ𝑇𝑠

ℎ=1 }             𝑖𝑓 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑖𝑛 𝑡 − 1                                                                   
 

where 𝜀 and 𝑇𝑠 are parameters and 𝑤𝑡𝑢 is the unemployment subsidy paid by the Government in 

the period t. Employed workers, therefore, have an increasing requested wage while unemployed 

individuals present a gradually shrinking satisfying wage, which is equal to a weighted average of 

the lasts 𝑇𝑠 periods salaries received by the worker. In any case, no workers will accept wage lower 

than the unemployment subsidy.  

Workers are heterogenous in terms of skills. Skills acquisition is an endogenous process, 

inspired to the idea of learning by doing (Arrow, 1962). Specifically, the skills of a worker (𝑠ℓ) 

evolves as a multiplicative process, increasing when workers are employed and decreasing during 

periods of unemployment:  
 

𝑠ℓ,𝑡 = { 
 (1 + 𝜏) ∗ 𝑠ℓ,𝑡−1                         𝑖𝑓 𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑖𝑛 𝑡 − 1                                                                                                                                                                                                                                              (𝑥𝑥𝑣𝑖𝑖)1(1 + 𝜏) ∗ 𝑠ℓ,𝑡−1                        𝑖𝑓 𝑢𝑛𝑒𝑚𝑝𝑙𝑜𝑦𝑒𝑑 𝑖𝑛 𝑡 − 1                                                                            

 Workers’ skills define the individual productivity (𝐴ℓ), for a given vintage 𝐴𝑖𝜏, in the following way: 

 𝐴ℓ,𝑡 = 𝑠ℓ,𝑡𝑠𝑡 ∗ 𝐴𝑖𝜏                                                                                                                                                 (𝑥𝑥𝑣𝑖𝑖𝑖) 
 

 
17 The possibility that firms open more positions than the simple difference between desired and past labour force is 
justified by the willingness of the firms to reduce the risk of unfilled job positions.  
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where 𝑠𝑡 is the average skills level. The ratio 
𝑠ℓ,𝑡 𝑠𝑡⁄  is the normalized worker skills level and higher 

is that ratio more productive is the worker. 

Firms collect received job-applications in their candidates’ queue {ℓ𝑗,𝑡𝑠 } and make a job offer 

just to a subset of it, if the number of applicants is higher than the opened positions. The subset of 

workers is decided looking at the skills/requested wage ratio giving preference to workers with 

the highest ratio.18 The wage offered by the firms, then, is the minimum wage able to fulfil all the 

opened positions. On the other hand, workers compare all the offers received and choose the best 

one, if any.  

The Government establishes a minimum wage level, creating a lower bound in the 

decentralized workers-firms bargaining process. The minimum wage (𝑤𝑚𝑖𝑛) is linked to average 

productivity of the economy (A):  

 𝑤𝑡𝑚𝑖𝑛 = 𝑤𝑡−1𝑚𝑖𝑛 ∗ (1 + 𝜓1 ∗ ∆𝐴𝑡𝐴𝑡−1),                       𝜓1 > 0                                                                             (𝑥𝑥𝑖𝑥) 

 
18 In a specular way, firms fire first the workers with the lowest skills/wage ratio. 
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Appendix B – parametrization 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table B.1 Model parametrization. 

 

Parameters Description Value 

 Technology  𝑣 R&D propensity  0.04 ξ Share of R&D expenditure in innovation 0.5 𝜁1 Search capabilities (innovation) 0.3 𝜁2 Search capabilities (imitation) 0.3 

(𝛼1, 𝛽1) Beta distribution parameters (innovation process) (3,3) 

(𝛼2, 𝛽2) Beta distribution parameters (imitation process) (2,4) 

[𝑥1, 𝑥1] Beta distribution support (innovation process) [−0.15,0.15] 𝑏 Payback  6 

 Industrial dynamics  𝜇1 Mark-up in sector 1 0.15 𝛾 Share of new customers for capital-good firm 0.5 𝜇2 Initial mark-up in sector 2 0.20 ℎ Periods to define expected demand 4 𝜐 Mark-up sensitiveness (sector 2) 0.04 𝜄 Desired inventories 0.1 χ Replicator dynamics 1 𝜔1 Competitiveness (price) 1 𝜔2 Competitiveness (unfilled demand) 1 𝑜 Stochastic weight in the entry decision 0.5 [𝑥2, 𝑥2] Entry distribution support [−0.15,0.15] 

 Government  𝑔0 Desired public consumption/GDP ratio (medium term) 0.1 𝑡𝑟̅𝜋 Tax-rate on profits 0.1 𝑡𝑟̅𝑖𝑛 Tax-rate on income 0.15 𝜑𝑢 Unemployment subsidy rate  0.3 

p Periods to evaluate Medium-term GDP 16 

 Credit  λ Prudential limit on loans as sales multiple 2 𝜏𝑏 Minimum bank capital adequacy rate 0.08 𝛽 Bank sensitivity to financial fragility 1 𝑟 Reference interest rate  0.01 𝑟𝑑 Interest rate on deposits 0.003 

 Labour market  𝜔𝑢 , 𝜔𝑒  Job applications (unemployed, employed) 5,1 𝜀 Requested wage increase 0.02 𝑇𝑠 Number of wage memory periods 4 𝜏 Skills acquisition/deterioration 0.01 𝜃 Extra job positions 0.01 𝜓1 Minimum wage reaction to productivity 1 𝜑𝑏 Bonus rate 0.2 

 Number of agents  𝐹01 Initial number of capital-good firms 20 𝐹02 Initial number of consumption-good firms 200 𝐵 Number of banks 10 𝐿𝑠 Number of workers 250000 
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Appendix C - Additional figures and tables 

 

Microeconomic Stylized Facts Aggregate-level Stylized Facts 
Skewed firm size distributions  Endogenous self-sustained growth with 

persistent fluctuations  

Fat-tailed firm growth rates distributions  Fat-tailed GDP growth rate distribution  

Heterogeneous productivity across firms  Endogenous volatility of GDP, consumption and 
investment  

Persistent productivity differentials  Cross-correlation of macro variables  

Lumpy investment rates of firms  Pro-cyclical aggregate R&D investment and net 
entry of firms in the market  

Heterogeneous skills distribution  Persistent and counter-cyclical unemployment  

Fat-tailed unemployment time distribution  Endogenous volatility of productivity, 

unemployment, vacancy, separation and hiring rates  

Unemployment and inequality correlation  
Pro-cyclical workers skills accumulation  
Beveridge curve  
Okun curve  
Wage curve  
Matching function  

 

Table C.1 Main stylized facts matched by the K+S labour market model. Source: Dosi et al. (2017b). 

 

 
Figure C.1: GDP path (logs). Single simulation selected for example purposes. Simulation periods [100-500]. 

 

 Average statistics 

 

GDP growth rate (%) 

 

1.49 
(0.27) 

Employment rate (%) 79.5 
(6.3) 

Capacity utilization (%) 82.6 
(2.7) 

 
 

Deficit (% of GDP) 2.07 
(1.12) 

Debt (% of GDP) 120.8 
(95.6) 

 

Table C.2: Time series averages in periods [201,500]. Debt/GDP ratio is evaluated in periods [490,500]. Standard 
deviations in parentheses. 200 MC runs. 
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Figure C.2: Band-pass filtered (6,32,12) for GDP, private consumption, investment and productivity series. Simulation 
periods [100-500]. 200 MC runs. 

 

 

Figure C.3: Average propensity to consume along income distribution. Every dot represents the average marginal 
propensity to consume in a specific percentile of a specific run. 50 MC runs. 

 

 

 

 

                               

 

 

 

 

 

 
 

Table C.3: Consumption, income and wealth inequality: Gini index. 200 MC runs. 

 

Gini index 

 Value sd 

Consumption 0.182 0.076 

Income 0.224 0.061 

Wealth 0.408 0.089 
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Figure C.4: Results of OLS regression between individual average propensity to consume and individual income 
growth. 

 

 

 
Figure C.5: Average wealth/income ratio. Left: over time; right: along income distribution. 50 MC runs. 

 
 
 

 

Figure C.6: State-dependent impulse responses of private consumption to public consumption stimulus in deficit. Red 
line: average effect; black dashed lines: 90% confidence intervals. Results are in terms of one period before the shock 
values. Slack sample (sample size: 603) is obtained by merging low utilization, high unemployment and recession 
samples. Good sample (sample size: 622) is obtained by merging high utilization, low unemployment and expansion 
samples.  
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Figure C.7: State-dependent cumulated medium-term reaction of real disposable income (left), nominal disposable 
income (middle) and CPI index (right) to public consumption stimulus in deficit. Bootstrap replications: 10.000. Slack 
sample (sample size: 603) is obtained by merging low utilization, high unemployment and recession samples. Good 
sample (sample size: 622) is obtained by merging high utilization, low unemployment and expansion samples.  
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Figure C.8: Boxplots for state-dependent income tax rate medium-term cumulative multipliers. Left column: mean 
multipliers; Right column: median multipliers. Bootstrap replications: 10.000. Sample size: low utilization = 242; high 
utilization = 258; high unemployment = 298; low unemployment = 202; recession = 63; expansion = 148. 

 


